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ABSTRACT: Oxidosqualene cyclase (OSC), a membrane-associated protein, is a key enzyme of sterol biosynthesis. Here
we report a novel assay for OSC, involving reaction in aqueous solution, NMR quantification in organic solvent, and factor
analysis of spectra. We evaluated one known and three novel inhibitors on OSC of Trypanosoma cruzi, a parasite causa-
tive of Chagas disease, and compared with their effects on human OSC for selectivity. Among them, one novel inhibitor
showed a significant parasiticidal activity.

INTRODUCTION Therefore, it is necessary to develop new drugs for Chagas dis-

Oxidosqualene cyclase (OSC; lanosterol synthase, E.C. €3¢ For this purpose, inhibiFors were being ipvestigated
5.4.99.7) is a key enzyme in sterol biosynthesis, which catalyzes ~28ainst a number of target proteins, such as a cystein protease
cyclization of 2,3-oxidosqualene to lanosterol with the multi- ~cruzain ", and a histone deacetylase sirtuin .
ring steroid scaffold" . Successive enzymatic reactions lead to ~ Enzymes in sterol biosynthesis hanﬁ been also chemothera-
cholesterol in mammalian systems or ergosterol in fungal and ~Peutic targets against Chagas disease™. The antifungal azole-
protozoan systems. Because hypercholesterolemia is one of the tYP® inhibitors ketoconazole and posacqna;qle, 1nh1b1F1ng lanos-
major risks of arteriosclerosis, OSC inhibitors have been devel-  terol 14-demethylase, and azasterol inhibitors against sterol
oped as candidate for nonstatin drugs to reduce cholesterol’”. A24-methltransteras%gg.c. 2.1.1.43), have been shown to affect
Also because disturbance of sterol biosynthesis impairs for- growth of 70 cruzi - Similarly, effects of numerous OSC
mation of membrane lipid bilayer, OSC is a highly potential inhibitors, including those originally developed for human OSC,
target of developing antifungal drugs®’. For these purposes, a ~Were tested for 7. cruzi OSC, ?ong ICso \{alues of nanomolar—
number of promising OSC inhibitors were designed and pro- mlcromolarllevel were obtalne?d . In animal, hpwever, lanos-
duced to date®. Indeed, established azole-type antifungal drugs, terol erletlon as a result of inhibition or mutatlg)4n221; defect. of
e.g., ketoconazole and posaconazole, inhibit lanosterol 14- OSC is known to cause lesions such as cataract™ . The im-

demethylase (E.C. 1.14.13.70), a downstream enzyme of OSC *  portance of lanosterol in the lens was clearly demonstrated, in
0 In addition, sterol A8,7-isomerase (E.C. 5.3.3.5) and sterol which treatment of the cataract-affected lens by lanosterol, but

Al4-reductase (E.C. 1.3.1.70) also in the downstream of OSC ~ Not by cholesterol, dissolved crystallin aggregation™. Therefore,
are targets of antifungal amorolfine'". a usable inhibitor of 7. cruzi OSC as a drug for Chagas disease
Chagas disease is one of the worst neglected tropical diseases, Should not affect the activity of human OSC, although it is not
with 10,000~14,000 people mostly in Latin America being de- achieved at this moment™. o
ceased per year'™ °. This is caused by a protozoan parasite To discover T. cruzi OSC-specific inhibitors, we need to eval-
Trypanosoma cruzi, as transmitted by blood-sucking triatomine ~ Uate a number of candidate compounds and, therefore, should
bugs. Two clinically used drugs, benznidazole and nifurtimox, ~€mploy an efficient method to measure enzymatic activity; it
are effective in acute phase, although they tend to be unsatisfac- should be rapid and accurate as well. Nonetheless, the generally

tory in chronic phase, and have numerous toxic side effects'> '3, used assays for OSCI azre4b22})se;€1 on Z%hromatography and radioac-
tivity measurements* = 7" 7 “* = which appear to be time-
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consuming and also are at a risk of radiation exposure. Namely,
they utilize radioisotope-labeled substrates or precursors for the
reaction. Then, typically after saponification of other types of
lipids and extraction by hexane and/or ether, lanosterol was
isolated by thin layer chromatography (TLC) for quantification.
Alternatively, whole-cell assay using gas chromatography-mass
spectrometry (GC-MS) to evaluate inhibitors of the sterol bio-
synthesis was reported”” *°. This method is especially potential
in identifying the target enzymes of inhibitors, although culture
of cells takes one day to one week. Nonetheless, GC can be
used for evaluating activity of recombinant OSC’".

In the process of exploration of novel inhibitors against anoth-
er T. cruzi enzyme, we developed a novel method of biochemi-
cal assay by '"H NMR measurement and factor analysis (FA)**
of the spectral data®. The merits of '"H NMR are that we can use
non-labeled intact molecules for detection, and that we can deal
with mixed sample, where individual molecules can be sepa-
rately detected as spread peaks over the spectral region. Also,
the merits of the FA treatment are that we can deal with all the
data points in the spectral region of interest simultaneously,
which is suitable for an automatic process, and that we can iso-
late meaningful change from baseline instability and/or noise
and, thereby, obtain more accurate parameters for reaction and
inhibition™ **.

In the present study, we developed an efficient biochemical
assay for OSC, based on the previous NMR/FA method™ **. In
the experimental protocol, a detergent as well as organic sol-
vents were used, because OSC, a membrane-associated micro-
somal protein®, and its substrate/product are insoluble to simple
aqueous buffers. Inhibitory activities of one known and three
new compounds against 7. cruzi and human OSCs were evalu-
ated and compared for the selectivity. In addition, we present a
novel high-throughput method, which simultaneously processes
data for different compounds by FA. These methods, in combi-
nation, are useful in many stages of drug discovery, e.g., from
an initial screening stage of fragment-based drug discovery
(FBDD)*® to a final optimization stage.

RESULTS AND DISCUSSION

NMR biochemical assay of OSC. In the assay system for
OSC, we must deal with water-insoluble substrate and product,
2,3-oxidosqualene and lanosterol, respectively. These materials
were dissolved in the reaction buffer by detergent Triton X-100,
which was also necessary to dissolve the membrane-associated
and partly hydrophobic OSC protein. This detergent, however,
disturbed NMR detection, probably because of interaction be-
tween the molecules and the large-molecular micelle of Triton
X-100 (data not shown). Addition of organic solvent, therefore,
was necessary to solubilize the molecules freely and to enable
the NMR detection. We thus carried out a protocol shown in
Fig. 1A. Namely, reaction proceeds at 37 °C in the aqueous
solution containing detergent, and 10:1 methanol-D,0 mixture
was added to stop the reaction and at the same time dissolve the
substrate and product. Then, NMR measurements were carried
out to detect substrate and/or product. Note that one may use
deuterated methanol to simplify the spectrum, although the
sharp methyl peak of methanol can be effectively reduced by a
presaturation pulse (see Experimental section).

Although most of the NMR peaks originating from the sub-
strate and product fully or partially overlap with many other
peaks including those of detergent, two singlet peaks due to
methyl groups of lanosterol’’ (19-H and 28-H; see Fig. S1 in the
Supporting Information) were observed separately and used for
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quantitative analyses (Fig. 2A). In order to evaluate enzymatic
activity, reaction times were varied within 10—-80 min and time-
dependent changes of the NMR spectra were analyzed. To deal
with the entire data points in a selected spectral region, FA was
used as described previously (see also the Experimental sec-
tion)”> **. By this treatment, loading vectors and score vectors
are obtained for the respective “factors”, where the former rep-
resent spectral profile and the latter represent the time depend-
ence in this case. The loading vector of the first factor that cor-
responds to the largest eigenvalue, but not those of the others,
exhibited a profile reproducing the NMR peaks of lanosterol
(Fig. 2B). Also, the score vector only of this factor showed a
time-dependent change fitting an exponential curve (Fig. 2C).
The first factor, therefore, clearly represents the time-dependent
change of the population of lanosterol, that is, the enzymatic
reaction of OSC. The kinetic constant for this reaction was cal-
culated to be 0.083 min' for 7. cruzi OSC. By the same ap-
proach, a kinetic constant of 0.017 min' was obtained for hu-
man OSC (Fig. S2). Note that the rates depend on the concen-
trations of enzymes, which should be set low enough to allow
evaluation of strong inhibitors.

Evaluation of inhibitors. In the present study, one known
inhibitor Ro 48-8071* (compound 1 in Fig. 3) and three novel
compounds (compounds 2—4 in Fig. 3) were tested for 7. cruzi
and human OSCs. In order to evaluate the inhibitory effects, a
protocol shown in Fig. 1B was carried out, which involves a
series of reactions with variable concentrations of the inhibitors
at a constant time. Similarly to the above process for the time-
dependent data, FA was applied to these concentration-
dependent data (Fig. 4, Fig. S3). By fitting the score vector of
the first factor with equations 3 and 4 in the methods section,
the inhibitor concentration causing 50% inhibition (ICsy) was
calculated. Compound 1 inhibited 7. cruzi and human OSCs
with ICs, values of 13 and 7.5 nM, respectively (Table 1). It is
noteworthy that this inhibitor is more effective to the human
enzyme than to the I' cruzi enzyme. This selectivity is con-
sistent with a previous study using the two enzymes expressed
in Saccharomyces cerevisiae™. Namely, the ICsy values for T.
cruzi and human OSCs were 0.90 and 0.17 uM, respectively.

By the same method, three novel compounds (2-4) were
evaluated and ICs, values were obtained (Table 1). The com-
pound 2, which has an allylmethylamine moiety similar to 1
(Fig. 3) showed 3-fold weaker inhibitory activity against T.
cruzi OSC than 1 with an ICs, value of 42 nM, and the selectivi-
ty against human OSC remained unchanged. Compound 3
showed inhibitory activity to 7. cruzi OSC with an ICs, value of
44 nM, which was comparable to that of 2. However, compound
3 inhibited human OSC with an ICs, value of 120 nM, that is, 3
is 2.7-fold more selective to T. cruzi OSC than human. Also,
compound 4, which is a dimethylamine analogue of 2, showed
inhibitory activity against 7 cruzi and human OSC with ICs,
values of 140 and 230 nM, respectively. Considering that 3 and
4 showed selectivity to 7. cruzi OSC, but allylmethylamines 1
and 2 did not, the dimethylamine moiety may contribute to the
selectivity. While we understand that 3-fold selectivity is not
large and distant from the goal, it can be a clue to acquire highly
T. cruzi OSC-selective inhibitors. We should point out that a
compound with a similar structure but lacking the dimethyla-
mine moiety of 3 or 4 (compound 29 in ref. 38) was only effec-
tive to human OSC, but not to 7. cruzi OSC.

Because 2 and 3 have stronger activity than 4, we tested their
effects on the proliferation of 7. cruzi (Table 1). They indeed
affected proliferation of the parasite in the epimastigote, corre-
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sponding to the insect-hosted stage, by ICs, values of 110 and
2150 uM for 2 and 3, respectively. Note that the effects are
weaker than those against 7. cruzi OSC, especially for 3. This is
probably because compounds should permeate though the cell
membrane to reach OSC, which is a microsomal enzyme locat-
ed inside the cell.

We further accessed the parasiticidal effects on the
amastigote, corresponding the intercellular stage, by duration
until appearance of trypomastigote, a form generally seen in
blood, after treatment of compounds (Table 2). Similarly to the
above, 2 is stronger than 3, with a longer duration of silence. It
should be especially noted that 2 is significantly more effective
than clinically used benznidazole.

A method suitable for initial screening. In drug discovery,
throughput in an NMR analysis is frequently a matter to be dis-
cussed. Indeed the process of obtaining an ICs, value shown in
Fig. 4 involves 12 sets of NMR measurements (a point relevant
for absence of the inhibitor is not shown in Fig 4C). This re-
quires approximately two hours including setup for the meas-
urement, even if we use automatic measurement protocol, and is
not suitable for the initial screening stage of FBDD starting
from the fragment library.

To accelerate the drug discovery, we present here a simple
protocol to evaluate multiple compounds simultaneously (Fig.
1C), in which inhibitor concentration as well as reaction time
was fixed. Fig. 5 shows an application to the four inhibitory
compounds on 7. cruzi OSC. The NMR data were also pro-
cessed by FA, with the score vectors corresponding to different
compounds (Fig. 5). It should be noted that the score vector is
nearly proportional to ICsy, having a correlation coefficient of
0.89. Therefore, this approach is useful in screening the com-
pound library, in order to pick up candidates of inhibitory com-
pounds. Once a compound is identified as a candidate of an
inhibitor, the ICs, value should be determined for more accurate
evaluation by the protocol shown in Fig. 1B. Application to
human OSC is also shown in Fig. S4. Also, correlation between
score vector and ICs, value was confirmed with a correlation
coefficient of 0.94.

Assuming that approximately 10 min is required for the
NMR measurements to evaluate a single compound, the initial
screening of a fragment library of 1,000 compounds will take
one weak. When the rate of positive hit is low, we may use a
mixed sample. Thus, when we use mixtures of e.g., 10 com-
pounds each, the time required for the initial screening becomes
within a single day.

Advantage of NMR biochemical assay for OSC. Optical
detection systems including fluorescent system are most suita-
ble for biochemical assay in drug discovery in terms of
throughput, although they are not applicable to OSC currently.
In such a situation, "H NMR detection is a powerful alternative,
which is sensitive to almost all chemical conversions.

One of the merits of the present NMR method is that we do
not need a radioactive substrate, in contrast to the conventional
assays" >+ 2223 Therefore, experiments can be carried out
without care for exposure to radiation. Also, in an NMR spec-
trum, protons of different molecules exhibit peaks in different
positions, although some of them overlap with each other. As far
as we identify separate peaks originating from the molecule of
interest, we can deal with samples mixed with other molecules,
such as detergent. Therefore, we do not need chromatographic
separation or saponification also in contrast with the conven-
tional assays” > *?*2" 2 or GC(-MS) assays™™".
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Especially by automatic measurements and FA data pro-
cessing, the NMR assay for OSC is simple and with a consider-
able throughput. Because NMR is most useful in evaluating
biophysical interaction between protein and compounds™” *, we
may carry out biophysical binding assay by NMR, as well under
a comparable condition. Thus, utilizing NMR for screening at
different criteria will reduce pseudo-positive or pseudo-negative
hits, and thereby improves the reliability of drug discovery pro-
cesses.

EXPERIMENTAL SECTION

Sample preparation. The DNAs that code for oxidosqualene
cyclase (E.C. number 5.4.99.7) of Homo sapiens and T. cruzi
strain CL Brener (NCBI codes AAB36220 and XP_820967.1,
respectively) were chemically synthesized (Thermo Fisher Sci-
entific Inc., Waltham, MA) with the codon usage optimized for
Pichia pastoris. After PCR amplification, the DNAs were sub-
cloned into expression vector pPICZ B (Thermo Fisher Scien-
tific), with myc-epitope and Hisy tag attached at the C-terminus.
The P, pastoris cells (strain GS115) were grown in BMGY me-
dium [1% yeast extract, 2% peptone, 100 mM potassium phos-
phate (pH 6.0), 1.34% yeast nitrogen base, 0.4 mg/L biotin,
0.5% glucose, 0.2% glycerol] at 30 °C for 3 days. Then, the
proteins were expressed in BMMY medium [1% yeast extract,
2% peptone, 100 mM potassium phosphate (pH 6.0), 1.34%
yeast nitrogen base, 0.4 mg/L biotin, 1% methanol] at 25 °C for
2 days.

After cells were lysed by high-pressure homogenizer Emulsi-
Flex C5 (Avestin, Ottawa, Canada) in a buffer [SO mM Tris-HCI
(pH 7.5), 250 mM NaCl, 5 uM pepstatin A (Sigma-Aldrich), 1
mM PMSF], and 0.5-1% Triton X-100 (Wako, Osaka, Japan)
was added to the crude extract. Proteins were purified by col-
umn chromatography using HisTrap HP (GE Healthcare), and
Resource Q (GE Healthcare) for 7. cruzi OSC, and Superdex
200 (GE Healthcare), in addition to the above, for human OSC.
Buffers used are: [20-50 mM Tris-HCI (pH 7.5-8.0), 5% glyc-
erol, 0-250 mM imidazole, 0-500 mM NaCl, and 0.2% Triton
X-100 or 0.2-1.2% B-octylglucoside (Nacalai, Kyoto, Japan)]
for T cruzi OSC and [20-50 mM Tris-HCI (pH 7.5-8.0), 5%
glycerol, 0-250 mM imidazole, 0-500 mM NaCl, and 0.2%
Triton X-100 or 0.2-0.8% B-octylglucoside (Nacalai)] for hu-
man OSC. The protein concentrations were determined by
Pierce 660 nm protein assay reagent (Thermo Fisher Scien-
tific.).

NMR assay for enzymatic activity. The brief protocol was
illustrated as flow chart in Fig. 1A. The substrate 2,3-
oxidosqualene (Sigma-Aldrich) was dissolved at the concentra-
tion of 100 uM in the reaction buffer [10 mM sodium phosphate
(pH 7.0), 0.1% Triton X-100, 100 uM sodium 2,2-dimethyl-2-
silapentane-5-sulfonate (DSS; Sigma-Aldrich), and 5% dime-
thylsulfoxide-d6 (DMSO-d6; Cambridge Isotope Laboratories
Inc., Andover, MA)]. Reactions were initiated by adding en-
zyme to a final concentration of 19 nM, which were kept at 37
°C in a thermal cycler (Biometra, Gottingen, Germany) for 10—
80 min, and stopped by adding 5-fold larger volumes of 10:1
mixture of methanol and 99% D,O (Shoko, Tokyo, Japan).
Samples were set in the cartridge of 96 tubes for a SampleJet
automatic sample changer (Bruker BioSpin, Rheinstetten, Ger-
many). '"H NMR measurements of reaction solutions were car-
ried out on an Avance III 500 spectrometer (Bruker BioSpin;
500.13 MHz) at 25 °C, automatically by ICON-NMR program
module, where water and methanol signals were suppressed by
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3-9-19 pulse sequence with the field gradient*' and presatura-
tion, respectively.

The region of the spectra including the peaks of lanosterol
was processed by means of FA¥, as described previously’.
Briefly, a series of spectral data obtained with different reaction
times were composed as data matrix D, with rows representing
the chemical shifts and columns representing the reaction times.
In D, the intensity was mean-centered along with the time axis
and data points with change in the intensity less than twice the
root-mean-square (rms) noise were excluded. Eigensystem
analysis of covariance matrix

Z=D'D (1)
where D" is the transposed matrix of D, was carried out in or-
der to decompose D as
D=RC+E 2)

In equation 2, R is the row matrix, with rows representing the
chemical shifts and columns representing the factors, C is the
column matrix with row representing the factors and column
representing the reaction times, and E is the minimized error
matrix. Note that matrix C is composed of its row vectors that
are identical with the eigenvectors of Z. The column vectors of
R show spectral profile for the factors, here called loading vec-
tors, while the row vectors of C show time dependence of the
factors, here called score vectors. In Figs 2—4, the score vectors,
which are originally unit vectors, are multiplied by root of the
respective eigenvalues, in order to express the degree of contri-
bution. In order to obtain the kinetic constants of the reaction,
the score vector of the first factor, with the largest eigenvalue,
was fitted to an exponential curve.

Inhibitors. Compounds 1-4 were derived from the Astellas’
chemical compound library. The synthetic routes were described
in Supporting Information. The purities of the compounds were
evaluated by ultra-high performance liquid chromatography to
be higher than 95%, also as described in Supporting Infor-
mation.

NMR assay for inhibitor activity. The flow chart for the in-
hibitor assay was shown in Fig. 1B. The solutions as described
above except for supplement of various concentrations of in-
hibitors (0-100 uM) were placed in the wells of a 96-well plate
designed for PCR. Reactions were initiated by adding 19 nM of
enzyme at 37 °C, kept in a thermal cycler (Biometra) for 20 min
for T cruzi OSC or 90 min for human OSC, and stopped by
adding 5-fold larger volumes of 10:1 mixture of methanol and
99% D,0O (Shoko). 1D 'H NMR measurements were carried out
at 25 °C as above.

The spectra obtained at different inhibitor concentrations were
composed as data matrix D and FA calculation was carried out
as described above. To estimate ICs,, the score vector with the
largest eigenvalue was fitted simultaneously with

Y=Ae""+B 3)
and
%
V=rm *)

ICsg

where Y is the intensity in the score vector; V is the rate at dif-
ferent inhibitor concentrations; ¢ is the fixed reaction time; A
and B are variables for fitting, together with 1Csy; ¥V} is the rate
without inhibitor, which was determined in advance, as de-
scribed above; and [/] is the concentration of inhibitor. Note that
equation 4 is deduced from Cheng and Prusoff”. The error level
for ICsy was estimated by a Monte Carlo simulation that ran-
domizes the data as Gaussian distributions with the standard
deviation of the initial fitting residuals.

4

For simultaneous evaluation of inhibitory activities of a series
of compounds (Fig. 1C), the spectra obtained for different inhib-
itor compounds were composed as data matrix D and FA calcu-
lation was carried, as above.

Antiprofileration and parasiticidal activities. For evaluation
of antiprofileration effects, one million of epimastigote culture
form of 7. cruzi, Tulahuen strain, obtained through NEKKEN
Bio-resource Center (Nagasaki, Japan) in LIT culture medium
supplemented with 10% newborn calf serum were co-incubated
with the test compound. After culture, alamarBlue test solution
(Thermo Scientific) was added to the media, for which fluores-
cence intensity was monitored to evaluate the viability.

For evaluation of parasiticidal activity, purified trypo-
mastigote parasites were applied to a 24-well plate confluently
covered by the NIH 3T3 fibroblast, and incubated for two days.
Then the residual floating trypomastigotes were washed out.
After culture for 5 days, the test compound was added and incu-
bated for 5 days, and for another 10 days with a fresh com-
pound. After washing out the compound, the duration until a
new trypomastigote emerged from the infected cells was ob-
served. As a positive control, benznidazole was used.
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Table 1: ICs, values of inhibitor compounds against 7. cruzi
and human OSCs and proliferation of epimastigote (nM)

Compounds Source of the enzyme Ratio of ICsy  Anti-
T cruzi  human (human/  prolifera-
T cruzi) tion
1 (Ro 48-8071) 1343 7.5+0.8 0.59 N.D.?
2 42+12 16+3 0.38 110
3 4412 120£20 2.7 2150
4 140+£50  230+40 1.6 N.D.?

“Not determined.

Table 2: Parasiticidal activity evaluated by durations until de-
tection of trypomastigote (days)

Compounds Concentration of compounds
~10 pM® ~20 uMP
2 62+6 80+11
3 21+0 29+0.4
benznidazole 3548 5349

9.6, 10.9, and 9.6 uM for 2, 3, and benznidazole, respectively.
°Twice the concentration of ~10 uM.

(A) substrate in reaction buffer
y +enzyme
¥ 37 °C, variable time
¥ +10:1 MeOH-D,0
¥ NMR measurements
v FA on time dependence

kinetic constant

(B) substrate and variable concentration
of inhibitor in reaction buffer

y +enzyme

¥ 37 °C, constant time

¥ +10:1 MeOH-D,0

¥ NMR measurements

¥ FA on concentration dependence
IC

50

(C) substrate and constant concentration
of different compounds in reaction buffer

y +enzyme

v 37 °C, constant time

{ +10:1 MeOH-D,0

Vv NMR measurements

¢ FA on compound numbers

| inhibition profile for screening |

Figure 1. Protocols of the NMR biochemical assays for OSC: (A)
evaluation of enzymatic activity, which yields kinetic constants, (B)
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evaluation of inhibitors, which yields ICs, values, and (C) simulta-
neous evaluation of inhibitory activities of a series of compounds,
applicable to screening of the fragment library.
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Figure 2. NMR analysis on the enzymatic activity of 7. cruzi OSC.
(A) NMR spectra of reactants after the protocol shown in Fig. 1A.
A spectral region contains the NMR peaks originating from the
product, lanosterol (28-H at 0.984 ppm and 19-H at 0.963 ppm).
Reactions were conducted at 37 °C for 10 (red), 20 (magenta), 30
(orange), 40 (yellow), 50 (green), 60 (cyan), 70 (blue), and 80
(black) min. (B) FA loading vectors, representing the spectral pro-
file, with lengths equal to the root of respective eigenvalues. Those
of factors relevant for the five largest eigenvalues are selected; the
first (black), second (red), third (blue), fourth (green) and fifth (yel-
low) factors ordered by eigenvalue. NMR intensity was normalized
to rms noise. (C) FA score vectors, which represent the time de-
pendence, also with lengths equal to the root of respective eigen-
values. Coloring scheme is the same as in (B). Exponential curve
ﬁttin;g for that of the first factor yields a kinetic constant of 0.083
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Figure 3. Inhibitor compounds evaluated in the present study.
Compound numbers are the same as those in Table 1.
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Figure 4. Inhibition of 7. cruzi OSC by Ro 48-8071 (compound 1).
(A) NMR spectra of reactants after the protocol shown in Fig. 1B.
As in Fig. 2, the spectral region containing the NMR peaks of
lanosterol was shown. Reactions were carried out at 37 °C for 20
min in the absence (black) or presence of different concentrations
of compound 1, i.e., 0.0017 (blue), 0.051 (cyan), 0.015 (green),
0.046 (yellow), 0.14 (orange), 0.41 (magenta), and above 1.0 uM
(1.2, 3.7, 11, 33, and 100 pM: red). (B) FA loading vectors repre-
senting the spectral profile. (C) FA score vectors representing the
dependence on inhibitor concentrations. Curve fitting of that of the
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first factor with equations 3 and 4 yields an ICs, value of 13 nM. In
(B) and (C), schemes for color and normalization of the intensities
were the same as those in Figure 2.
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Figure 5. A high-throughput analysis on inhibition of 7. cruzi OSC
by a series of compounds. (A) NMR spectra of reactants after the
17 protocol shown in Fig. 1C. Reactions were carried out at 37 °C for
18 20 min in the absence (black) or presence of either of 4 compounds
19 shown in Fig. 3 at 0.41 uM (1: red; 2: yellow, 3: green, 4: blue). (B)
20 FA loading vectors representing spectral profile. (C) FA score vec-
21 tors indicating inhibition profile of compounds. The compound
numbers are the same as those in Fig. 3 and Table 1. In (B) and (C),
schemes for color and normalization in intensity were the same as
23 those in Figs. 2 and 4, although the first three factors are shown
24 here. (D) ICsq values of the same compounds.
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