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ABSTRACT

Because of the increasing number of immunocompromised patients and due to problems with antifungal
treatment, especially with the most widely used antifungals, azoles, there is an urgent need for new, potent
and safe antifungals with fewer cytochrome P450 (CYP)-mediated interactions with other drugs. In the
present study, 54 novel non-azole molecules were selected with the help of molecular modelling and
virtual molecule database screening to identify new fungistatic or fungicidic compounds with functional
groups that would produce reactive intermediates kKilling the yeast cells. Database screening and selection
of tested compounds were based on the construction of two pharmacophores and docking hits to the active
site of the CYP51 homology model. Inhibition potency of the compounds was tested against Saccharomyces
cerevisiae and/or Candida albicans. Two new structured compounds, 2-({4-[(2-cyanoethyl)(methyl) amino]
benzylidene}  amino)-5-(3,4-dimethoxyphenyl)-4-methylthiophene-3-carbonitrile  and  2-[([1,1’-
biphenyl]-4-ylmethylene)amino]-5-(3,4-dimethoxyphenyl)-4-methylthiophene-3-carbonitrile were
discovered to have promising antifungal properties based on bioassays. Inhibition screen of human hepatic
CYP enzymes revealed that these two compounds did not inhibit potently five human recombinant CYP
enzymes. The results of this study indicate that the functional groups of the two compounds may produce

reactive intermediates when located at the active site of CYP51.

© 2011 Elsevier Masson SAS. All rights reserved.

1. Introduction

During recent decades, incidents of invasive fungal infections
have increased significantly because of the rising number of
patients at risk. These patients are mostly immunocompromised
with diseases like AIDS or diabetes or patients who are receiving
chemotherapy or undergone organ or bone marrow transplant or
have an implanted catheter [1]. Invasive opportunistic fungal
infections are associated with high morbidity and mortality [2,3]
especially in seriously ill patients.

Candida species, mainly Candida albicans, is the source of most
yeast infections in these patients [1]. Although C. albicans is one of
the microbes normally in human gut flora, it can cause several
different infections, depending on patient’s immune system status.
Even though systemic antifungals have been available for over 50
years and diagnostics and antifungal drugs have developed [2],
there are still remarkable problems encountered in the successful
treatment of yeast infections [3].
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Four main classes of antifungal agents are presently available:
polyenes, nucleoside analogues, echinocandins and azoles [4].
Today the use of the polyene amphotericin B is restricted because of
its serious adverse effects, mainly renal toxicity [4,5]. The nucleo-
side analogue flucytosine is a prodrug deaminated to 5-fluorouracil
(5-FU) by yeast cytosine deaminase enzyme [6,7]. The echino-
candins comprise caspofungin, anidulafungin and micafungin. The
azoles have activities against most yeasts and fungi and they are
used for treatment of human mycosis and as fungicides in agri-
culture [8,9]. The first systemic azoles, ketoconazole and itracona-
zole appeared on the market in the 1980s and these were followed
by several analogues, e.g. fluconazole, voriconazole, posaconazole,
isavuconazole and ravuconazole. Recently, novel derivatives of
azoles have been developed to improve solubility and optimize
their pharmacokinetic profiles [10—12].

The mechanism of action of the azoles is reversible inhibition of
lanosterol 14a-demethylase (cytochrome P450 51, CYP51, E.C.
1.14.13.70) that leads to the impairment of ergosterol synthesis in
yeast and fungi. CYP51 is found in all biological kingdoms and it is
the most widely distributed CYP gene family [13]. It was first found
from Saccharomyces cerevisiae [14], the model organism in yeast
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research [15—17]. Although azoles have revolutionized the treat-
ment of mycosis there are still some challenges remaining. Azoles
do not affect only fungi CYP51 but also some mammalian xenobi-
otic-metabolising CYP enzymes resulting in a wide range of inter-
actions with other drugs. Another increasing problem is the
emergence of resistant yeast strains due to extensive and prolonged
use of antifungal agents [1,18,19]. Thus, there is a need for new,
safer, more effective and new structured antifungals.

Several functional groups are known to be metabolised to
reactive and toxic forms [20,21]. Most of these reactions are cat-
alysed by CYP enzymes and therefore toxicity on cells is depen-
dent on cell-specific expression of the activating CYPs. The
mycotoxin aflatoxin B1 is an extremely potent hepatotoxin as it is
oxidised to a reactive exo-epoxide by CYP3A4 and CYP1A2 in
human liver [22] and CYP1A5 and CYP3A37 in turkey liver [23].
Aflatoxin B1 is lethal to yeasts at concentrations as low as 40 nM if
the yeast cells express CYP enzymes catalysing the formation of
the exo-epoxide [24].

In this study we searched for novel non-azole antifungal
compounds using molecular modelling and virtual compound
database screening. In analogy to the activation mechanism of
aflatoxin B1, the compounds were designed to fit the active site of
the yeast CYP51 enzyme and to contain functional groups that
would produce reactive intermediates causing lethality to yeast
cells. The antifungal activity of the hit compounds was tested
against S. cerevisiae and C. albicans, and two novel potent non-azole
antifungal compounds were identified.

2. Results
2.1. Design of pharmacophores and virtual screening

Designing of pharmacophores combined with virtual screening
offers a means to systematically select compounds from large
databases. Two pharmacophores of the CYP51 enzyme were
designed (Fig. 1), and corresponding structures in the Maybridge
databases were screened (Fig. 2). These pharmacophores were
constructed by docking either the natural CYP51 substrate lano-
sterol (first pharmacophore) or ketoconazole/itraconazole (second
pharmacophore) to the active site of a comparative model of CYP51
[25]. The dockings revealed that the CYP51 active site consisted of
a large hydrophobic binding subsite above heme and two hydro-
philic H-bond binding subsites with several polar positively
charged amino acid residues (Lys and His). The core scaffold of
lanosterol was located in the hydrophobic subsite above the
porphyrin ring of heme. This information was used to define the
location of the hydrophobic sites in the first pharmacophore
(Fig. 1A), to filter the volume and shape of the screened compounds.
An additional aim of this screen was to find compounds that could
produce reactive metabolites. Therefore reactive functional groups
causing irreversible binding to CYPs, such as nitrile, thiophene or
furan above heme were included to the pharmacophore. The
second pharmacophore was based on the docked positions of
ketoconazole and itraconazole. It consisted also of two hydrophobic
sites with one acceptor atom in the hydrophilic subsite and the
azole ring above heme.

The lanosterol pharmacophore based screen yielded about 900
hits and the ketoconazole/itraconazole based screen about 300 hits.
Since there were a large number of hit compounds in the first set,
additional refinement was obtained by docking these hits into the
active site of the CYP51 homology model [25]. After the docking
procedure second hit compounds were obtained and subjected to
testing of antifungal activity (Tables 1 and S1).
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Fig. 1. Pharmacophores for virtual screening. Panel A illustrates the lanosterol based
pharmacophore with three hydrophobic sites (HS1—3) and a reactive group (X; nitrile,
thiophene or furan) in HS2. Panel B shows the ketoconazole/itraconazole based
pharmacophore with two hydrophobic sites (HS1—-2). Ketoconazole is the reference
structure.

2.2. In vitro antifungal activities

These second hits contained three active antifungal compounds
as identified in the S. cerevisiae spectrophotometric bioassay
(Table 1). Compounds 1, 2 and 3 were the most potent growth
inhibitors with the MIC values of 118 uM, 120 uM and 100 uM,
respectively, and MICsy values of 2.7 uM, 35uM and 10 puM,
respectively (Fig. 3). Compounds 1 and 2, but not compound 3,
inhibited the growth of S. cerevisiae also in the agar plate bioassay.
This difference may be due to poor solubility of the compound 3 in
agar. Table S1 (supplementary material) lists the compounds with
weak or no inhibitory activity, including the five 4-benzylpyridine
compounds (45—49) from our in-house hepatic CYP inhibitor
repository which were also tested for growth inhibition of
S. cerevisiae (Table S1, supplementary material). Compounds 48 and
49 were relatively potent with MIC values of 150 uM and 100 uM
and MICsp values of 18 uM and 14 uM, respectively. These
compounds were not, however, pursued further in this study.

The positive control, ketoconazole (31.2 uM), inhibited yeast
growth completely in all of the tests. In contrast, itraconazole
(90.7 uM) did not inhibit the growth of S. cerevisiae completely after
24-h incubation when tested with both methods and after 48 h
incubation the growth was approximately one-half of the growth in
the negative control (2% DMSO).

The viability test showed that yeast cells treated with itraco-
nazole (90.7 uM) and compound 1 (100 uM) did not proliferate
after 24-h incubation in the spectrophotometric bioassay and in
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Fig. 2. Scheme of the overall process for identifying new antifungal compounds.

agar plate test the MIC value was 95%. After 48-h incubation,
growth was also detected in the spectrophotometric bioassay. The
yeast cells treated with ketoconazole and compounds 2 and 3
proliferated after 24-h and 48-h incubation in both bioassay types.

Since compound 1 had promising antifungal properties
(MIC < 100 pM, MICs0 < 5 uM), it was tested with the pathogen
C. albicans and selected as a basis for a new similarity based
screening of the Maybridge database (Fig. 1). This screen produced
about 100 hits and after docking them into the active site of CYP51,
five compounds (50—54) were selected for antifungal testing with
C. albicans (Table 1). Three of the tested compounds inhibited the
growth of C. albicans markedly in the agar plate bioassay, i.e.
compounds 1, 50 and 51 with MIC values of 12 uM, 8 uM and 40 uM,
respectively.

2.3. Binding model of the active compounds

To better understand the binding interaction between the active
compounds and the active site of CYP51, their dockings were
analyzed in more detail (Fig. 4A). The hydrophobic parts of
compound 1 were located above heme porphyrin ring and inter-
acted with the surrounding hydrophobic residues. This hydro-
phobic core formed van der Waals interaction with Tyr118, Thr122,
Phe126, Met306, Leu376, Phe380, Met508 and Val509. Two reactive
functional groups (thiophene or carbonitrile) in compound 1 were
located above heme. Thiophene may form a charge-transfer
complex with Tyr118. Another carbonitrile substitution in the

phenyl ring was orientated towards a hydrophilic pocket consti-
tuted by Lys143, Lys144, and Lys147.

The van der Waals surfaces of the active site of CYP51 and
compound 1 showed that a tight interaction was formed between
the positive Lys147 residue and the negative carbonitrile group
(Fig. 4B). Interestingly the absence of this phenyl ring substituted
carbonitrile chain (compound 50) increased the potency against
C. albicans. Docking of compound 50 showed that its core structure
was in an opposite orientation compared to compound 1, as the
methoxy group of compound 50 was located in this hydrophilic
pocket near the Lys143, Lys144 and Lys147 residues (data not
shown).

2.4. Hepatic CYP inhibition of the active compounds

Inhibition of human hepatic CYP enzymes 1A2, 2C9, 2C19, 2D6
and 3A4 was tested with compounds 1 and 50. The compounds had
only minor or no inhibitory effect on CYP1A2, CYP2D6, and CYP3A4
enzymes whereas they inhibited CYP2C9 and CYP2C19 enzymes
with moderate potency (Table 2). Neither compound inhibited
potently (ICso < 1 uM) any of the tested human liver CYP enzymes.

3. Discussion

We identified novel non-azole inhibitors of yeast growth using
molecular modelling and virtual screening approaches. A large
compound database was searched for molecules having the
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Table 1
Novel inhibitors of S. cerevisiae and C. albicans.

No. Name; My, (g/mol) Structure MIC (uM)  MICso (uM)  Yeast

2-({4-[(2-cyanoethyl)(methyl)amino]benzylidene }Jamino)-5-(3,4- . s .
1 dimethoxyphenyl)-4-methylthiophene-3-carbonitrile; 444.6 118; 12 27 . cerevisiae; C. albicans

4,6-dimethyl-3-[2-(3-thienyl)vinyl]-6,7-dihydroisoxazolo .
2 [3,4-d]pyridazin-7-one; 273.3 120 35 S. cerevisiae
3 N—a‘llyl—5,6,7,8—tetrahydro[1]benzothleno[2,3—d]pyr1m1d1n—4— 100° 0.98° S. cerevisiae

amine; 245.3

® N

2-[([1,1’-biphenyl]-4-ylmethylene)amino]-5-(3,4- O o . . :

50 dimethoxyphenyl)-4-methylthiophene-3-carbonitrile; 438.54 | /) AN 8 n.d C. albicans
\
//N
]

51 2-{[(3,5-dichloro-2-hydroxyphenyl)methylene]amino}-4-methyl- s — N 40 nd. C. albicans

5-phenyl-3-thiophenecarbonitrile; 387.28

¢ Inhibition detected only with spectrophotometric bioassay.

potential to serve as ligands for the CYP51 enzyme and possessing
reactive substructures. Of the 54 hit compounds tested, two had
potent inhibitory activity towards S. cerevisiae and C. albicans,
comparable to that of itraconazole and ketoconazole. The MIC
values were 12 uM and 8 pM for compounds 1 and 50, respectively,
against C. albicans, which are significantly less than MIC/MFC
(Minimum Fungicidal Concentration) for the widely used anti-
fungal drugs e.g. itraconazole in this study (MIC > 90.7 uM), fluco-
nazole (104.5 pM), miconazole (76.9 uM), terbinafine (439.2 uM)
and amorolfine (201.6 uM) [26]. The results indicate that these two
molecules are potential candidates for further development as
antifungal agents with less liability for drug interactions caused by
inhibition of human liver CYP enzymes.

Two different methods were used to determine the inhibitory
potency of the compounds. The agar plate bioassay and its varia-
tions are commonly used for testing antifungal properties [27—29].
However, it is not very accurate as the reading of the results is based
on visible growth judged by the naked eye. There are also several
other variables in the bioassay, such as inoculum size and time of
incubation [27]. In contrast, in the spectrophotometric bioassay the
results are numeric values (absorbance) and are therefore more
objective. This method is also more sensitive than the agar plate

bioassay and thus smaller amounts of test compounds are needed.
The problem with the spectrophotometric bioassay is the variation
between duplicate samples. A possible reason for this may be
random aggregation of yeast cells due to e.g. inoculum size [27] or
growth characteristics of the yeast isolates [28].

Although the azole group is important for inhibition of CYP51
activity and therefore for the antifungal activity of triazoles and
imidazoles, it also causes several problems in practice [30—32].
Azoles do not bind only to fungal CYP51 but also to human CYP51
and other human CYP enzymes causing toxicity [9,30] and signifi-
cant interactions with many drugs, especially via the inhibition of
hepatic CYP3A4 [33]. The novel compounds 1 and 50 identified in
this study showed inhibitory activity towards CYP2C9 and
CYP2C19, thus resembling the CYP inhibitory profile of fluconazole
[33]. Some fungi have become resistant to azole antifungals. One
reason for azole resistance is that there have been changes in fungal
CYP51, e.g. overexpression, alterations in the affinity, and cellular
content. Due to these reasons, there is a clear need for more fungal
specific, effective antifungal drugs with fewer interactions.

Previous studies have reported several new types of azole and
triazole antifungal compounds [10,34] and a series of non-azole
antifungal compounds containing benzopyran, aminotetralin
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Fig. 3. Inhibition of S. cerevisiae growth by compound 1 (A), compound 2 (B),
compound 3 (C).

[9,30] or thiophene/aminothiophene scaffolds [35,36]. In these
studies thiophene and 2-aminothiophene derivatives have been
observed to have antifungal activity against some fungal species,
but they were not active against C. albicans. Stefancich and co-
workers [37] reported antifungal activity of thiophene analogues
of bifonazole against C. albicans but as azole derivatives they
probably have same problems as other azoles. The potent inhibitor
of ATP-ase concamycin A has also been described as having anti-
fungal activity, but it is highly toxic, limiting its clinical use [38].
Azole derivatives are five-membered heterocyclic ring
compounds containing at least one non-carbon atom such as
nitrogen. Azoles bind to the CYP51 catalytic site so that the nitrogen
atom of the azole ring coordinates with the iron atom of the CYP
heme [9,39]. The previously reported [9,30] aminotetralin deriva-
tives contained two hydrophobic parts consisting of a phenyl ring
(hydrophobic part 1) and N-substituted alkyl side chains with 1—18
carbon atoms (hydrophobic part 2) (Fig. 5). These benzopyran or
aminotetralin compounds probably interact with CYP51 without
binding to heme. The novel antifungal compounds 1 and 50 re-
ported here also consist of two similar hydrophobic parts with
a functional group (thiophene or carbonitrile) between these
hydrophobic units. Fig. 5 describes the structural similarity
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Fig. 4. The binding model of compound 1 (A) without van der Waals surface, (B) with
van der Waals surface. Red denotes more negative regions, white neutral regions and
blue more positive regions. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

between aminotetralin derivatives and compound 50. The scaffold
of previously reported 2-aminothiophene derivatives [35] con-
tained one hydrophobic moiety next to the functional group
(thiophene), being more rigid than the one in our study.

In this study we employed virtual screening and biological
testing to identify novel scaffolds that have antifungal activities
against C. albicans. These non-azole scaffolds can be used as leads in
the design of antifungal agents against C. albicans and other path-
ogenic fungi. The functional groups of compounds 1 and 50 have
the potential that allow the yeast to produce reactive intermediates
via its CYP51 enzyme. These reactive intermediates may attack
either the CYP protein or other yeast proteins after their release
from the enzyme. Our future studies will focus on elucidating the
precise growth inhibitory characteristics of the novel compounds
on C. albicans and especially on the interactions of the compounds
with the CYP51 enzyme.

Table 2
Inhibition of human hepatic CYPs by compounds 1 and 50.

CYP Compound 1
isoform

Compound 50

ICs50 value, uM
(category) intervals

1A2 11.9 (weak?) 7.5-18.9
2C9 1.2 (moderately 0.80—1.72

95% confidence
(ICs0 value, uM) intervals

26.0 (weak?) 16.9-39.9

1.4 (moderately 0.89—2.28

95% confidence Category

potent?®) potent?®)
2C19 1.1 (moderately 0.78—1.63 2.3 (moderately 1.18—4.66
potent?) potent?)
2D6 23.3 (weak?) 16.7-32.5 >100 (non- —
inhibitor?®)
3A4 33.2 (weak?) 24.8—-444 >100 (non- —
inhibitor®)
2 Classified as potent (IC50 < 1 uM), marginal/moderate potent

(1uM <ICso<10uM), or weak (ICso>10uM) inhibitors, or non-inhibitor
(ICs50 > 100 uM).
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4. Experimental protocols
4.1. Chemicals

Analytical grade itraconazole and ketoconazole were purchased
from Sigma-Aldrich, USA. The tested chemicals were purchased
from Maybridge, UK. Stock solutions (5—20 mM) of all the chem-
icals were dissolved in dimethyl sulfoxide (DMSO, ].T. Baker,
Netherlands). The stock solutions were further diluted in 100%
DMSO and added to the incubation mixtures at a final DMSO
concentration of 2% or less (a concentration of DMSO tested not to
inhibit yeast growth).

4.2. Yeast strains and human recombinant enzymes

S. cerevisiae (wild-type, ATCC 24657) strain was purchased from
ATCC, Sweden. C. albicans (DSM 3454, ATCC 32032) strain was
purchased from DSMZ, Germany. Both yeasts were regenerated and
cultured according to the manufacturers’ instructions.

cDNA-expressed human wild-type CYPs (Supersomes™) were
purchased from BD Biosciences Discovery Labware (Bedford, MA,
USA).

4.3. Growth medium

The growth medium contained 1% of yeast extract (Bacto™ Yeast
Extract, BD, USA), 2% of peptone (Bacto™ Peptone, BD, USA), 2% of
glucose (D-(+)-glucose, Sigma, USA) and distilled water (Millipore
Synergy water purification system, USA). The agar growth medium
was prepared from the growth medium by adding 1% of agar (Agar
bacterioloque type A, Biokar Diagnostics, France).

4.4. Methods

4.4.1. Molecular modelling and database search

4.4.1.1. Software used. The construction of the ligand structures
was performed using the SYBYL (version 8.1) modelling package.
The GOLD software package (version 3.2) was used for ligand

docking, and the ChemScore or CScore programs were applied for
ranking the docking results. The radius for docking was set at 20 A
around the porphyrin ring of the CYP heme. Virtual screening of the
Maybridge database (56,000 compounds) was carried out with the
UNITY module of SYBYL. The MOE similarity search tool was used to
perform similarity search.

4.4.1.2. Virtual screening. Two different pharmacophores utilizing
the docked ligands lanosterol and ketoconazole/itraconazole and
the structure of the active site of CYP51 were utilized to screen the
databases. The overall screening and filtering process is presented
in Fig. 1. The Lipinski rule of five [40] was used as the filtration
criterion for the screenings, limiting the range for molecular weight
to <500 Da, calculated octanol—water partition coefficient to <5,
the number of H-bond donor atoms (OH and NH) to <5, and H-
bond acceptor atoms (N and O) to <10. Two different pharmaco-
phores were applied for screening the database. Those pharmaco-
phores were generated from the information given by the complex
of the docked ligands lanosterol (first pharmacophore) and keto-
conazole/itraconazole (second pharmacophore) in the active site of
CYP51 [25]. The first hit compounds were docked to the catalytic
site of the CYP51 homology model [25]. The selection of
compounds for testing (second hits) was based on either the
scoring values in docking or visual inspection for the desired
properties. In the similarity search based virtual screening, the MOE
similarity search tool was also used to find additional molecules
similar to those active compounds identified in the pharmacophore
based virtual screening.

4.4.2. Antifungal activity bioassay

Two kinds of bioassays were used to determine effects of the
chemicals on yeast growth. The positive controls were ketocona-
zole (30 uM) and itraconazole (90 uM) throughout the study, and
2% DMSO was used as a negative control. In the agar plate bioassay,
the plates were prepared according to the EUCAST document [29].
Chemical dilutions (final concentration in wells 1-100 pM) were
mixed with 60 °C agar growth medium in sterile flat bottom 6-well
plates (Nunclon™ DELTA-Surface). The plates were cooled and
stored at +4 °C overnight. The yeasts were cultured in the growth
medium overnight at 30 °C for S. cerevisiae and 37 °C for C. albicans
in a shaking incubator. Yeast growth was then adjusted to absor-
bance of 0.2—0.4 at 600 nm using a spectrophotometer (Hitachi U-
2000). This reading approximates to a concentration of 2 x 107 cells
per ml [27]. Diluted yeast suspension (final cell count approxi-
mately 2 x 10? to 2 x 10°) was then transferred to the surface of the
agar wells [29] and incubated at +30 °C for S. cerevisiae and +37 °C
for C. albicans in air. The colonies were observed and counted after
24 h and 48 h incubation.

The spectrophotometric bioassay was based on change of
absorbance at 595 nm when the yeast was cultured in a medium in
48-plate wells [41]. This method was used only for S. cerevisiae due
the regulations for handling C. albicans. The overnight pre-test
incubation and dilutions of yeast were same as in agar plate
bioassay. Then chemical dilutions were mixed with media and the
solution was added to clear, sterile, flat bottom 48-well plate
(Cellstar, Greiner Bio-one) and the yeast stock was added into this
mixture (final volume 500 pl). Absorbance was determined prior to
incubation and after 24 h and 48 h incubation at +30 °C in a spec-
trophotometer (ELX800UV, Bio-Tek Instruments) at 595 nm. Plates
were incubated on a shaking incubator to avoid yeast cell
aggregation.

The extent of growth inhibition was estimated via MIC and
MICsg values. The MIC (minimum inhibitory concentration) is the
lowest concentration of an antimicrobial that inhibits the visible
growth of a microorganism after overnight incubation in the agar
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plate bioassay. The MICsg is the concentration that inhibits 50% of
growth as determined by the spectrophotometric bioassay. MICsq
values were determined with Graph Pad Prism software (GraphPad
Software, Inc.).

In order to determine whether the compounds killed the yeast
cells or simply slowed down their growth, the viability of yeast cells
was tested after 2-h exposure to the tested compounds. After
exposure yeast suspension (S. cerevisiae) was centrifuged at
15,000 rpm for 15 min. The supernatant was discarded and the
yeast cell pellet was washed with new medium. The washing step
was repeated two times. The washed yeast cells were then cultured
and the growth was determined as described above with the
spectrophotometric assay and the agar plate bioassay.

4.4.3. Inhibition of human hepatic CYP activity

Human hepatic CYP inhibition assays for compounds 1 and 50
were performed essentially as described in detail by Salminen et al.
[42] against human recombinant CYP1A2, CYP2C9, CYP2C19,
CYP2D6 and CYP3A4 enzymes. Both compounds were pre-screened
using five concentrations ranging from 0.0068 to 68 uM according
to their solubilities, and then tested for a second time with
concentrations around the ICsg value detected in the pre-screen.
Due to the high lipophilicity of the test compounds, they were
dissolved in DMSO and then further diluted with water to achieve
a final concentration of 1.3% DMSO in the incubation mixtures.
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