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Encephalitozoon cuniculi is a microsporidium responsible for systemic illness in mammals. In the course of
developing leads to new therapy for microsporidiosis, we found that a bis(phenylbenzyl)3-7-3 analog of
spermine, 1,15-bis{N-[o-(phenyl)benzylamino}-4,12-diazapentadecane (BW-1), was a substrate for an E. cu-
niculi amine oxidase activity. The primary natural substrate for this oxidase activity was N�-acetylspermine, but
BW-1 had activity comparable to that of the substrate. As the sole substrate, BW-1 gave linear reaction rates
over 15 min and Km of 2 �M. In the presence of N�-acetylspermine, BW-1 acted as a competitive inhibitor of
oxidase activity and may be a subversive substrate, resulting in increased peroxide production. By use of
13C-labeled BW-1 as a substrate and nuclear magnetic resonance analysis, two products were determined to be
oxidative metabolites, a hydrated aldehyde or dicarboxylate and 2(phenyl)benzylamine. These products were
detected after exposure of 13C-labeled BW-1 to E. cuniculi preemergent spore preparations and to uninfected
host cells. In previous studies, BW-1 was curative in a rodent model of infection with E. cuniculi. The results
in this study demonstrate competitive inhibition of oxidase activity by BW-1 and support further studies of this
oxidase activity by the parasite and host.

Microsporidia are unicellular obligate intracellular parasites
of many animals and insects. They lack typical mitochondria;
instead, they possess a mitochondrial remnant organelle
termed the mitosome (11). Members of the microsporidia are
ubiquitous parasites, with �1,200 species infecting hosts rep-
resenting many levels of biological complexity, from insects to
humans (27). Present concerns about human microsporidial
infections are exacerbated by the presence of organisms of
several genera which target immunosuppressed patients, by
findings that these are zoonotic pathogens, and by the lack of
new, effective chemotherapeutic agents (26).

Metabolism and function of the polyamines spermidine and
spermine have long been chemotherapeutic targets for neo-
plastic diseases as well as parasitic infections (5, 15). Poly-
amines are ubiquitous in all organisms, and their cell contents
are carefully regulated, whether through synthesis, degrada-
tion, uptake, or export. Extensive studies have demonstrated
their essentiality for cell proliferation and roles in cell signaling
(18). Research over the past two decades has resulted in the
synthesis of polyamine analogues which downregulate poly-
amine synthesis and uptake while increasing polyamine degra-
dation and excretion (13, 16, 19, 21). Until recently, such an-
alogs were straight chain (3-3-3 or 3-7-3) in configuration and
symmetrically N-alkylated at the ends. Additional structural
features have included nonsymmetrical alkylation (13) and the

introduction of sterically hindered backbones (16), each of
which has increased therapeutic potential.

In recent studies, we have examined such analogues for
activity against Encephalitozoon cuniculi, a microsporidian par-
enteral parasite of humans that causes disseminated disease
and has been found to be growth inhibitory in vitro and cura-
tive in laboratory model infections (1, 28). In particular, one
such analogue, a bis-phenylbenzyl-substituted 3-7-3 compound
(1,15-bis{N-[o-(phenyl)benzylamino}-4,12-diazapentadecane
[BW-1]) (Fig. 1) was found to interfere with E. cuniculi poly-
amine oxidase (PAO) activity and ultimately to serve as a
substrate for the parasite enzyme (4). In this study, we present
evidence of the metabolism of this analog and the possibility of
its selective cytotoxic action.

MATERIALS AND METHODS

Organism. Encephalitozoon cuniculi, a parenteral parasite of mammals, in-
cluding humans, was obtained from Ann Cali of Rutgers University and culti-
vated in minimal Eagle’s medium plus 7% newborn calf serum, using RK-13 or
HEK monolayers as host cells (24). Host monolayers were grown to 80% con-
fluence in Falcon T25 or T75 flasks and then infected with 5 � 105 spores. After
1 week of culture, up to 50% infectivity was obtained. Alternatively, infected host
cultures were split and allowed to multiply until confluence was obtained (3).

Enzyme preparations. Mature spores were given off into the culture overlay
and collected from culture flasks twice weekly, when fresh medium was added.
Spores were pooled and stored aseptically at 0 to 4°C. Crude enzyme prepara-
tions were made from concentrated spores which had been washed in 150 mM
phosphate-buffered 0.9% NaCl (PBS; pH 6.8) and resuspended in PBS contain-
ing 1% sodium dodecyl sulfate for 5 min. Resuspended spores were then con-
centrated (5,000 � g for 10 min), and a heavy suspension was made in 1 to 2 ml
of PBS. Spores were disrupted from 4 to 8 min in microcentrifuge tubes con-
taining 425- to 600-nm glass beads using a Disruptor Genie (Scientific Industries,
Bohemia, NY). Homogenates were examined for �80% breakage (microscopi-
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cally) and clarified by centrifuging at 2,200 � g for 10 min (2). These preparations
were used for enzyme studies.

PAO assays. PAO from the preparations described above was measured ac-
cording to the method of Childs and Bardsley (14). Reaction mixtures (37°C)
contained 0.1 M glycine buffer (pH 7.0), 10 U of horseradish peroxidase (Sigma
Type VI A; 1 U oxidizes 1 �mol of 2,2� azino-bis 3-ethylbenzthiazline-6-sulfonic
acid [ABTS] per min at 25°C, pH 5.0), 5 mM ABTS, and 22 to 220 �g E. cuniculi
protein in a volume of 1 ml. N1-Acetylspermine (1 mM) or another substrate,
e.g., BW-1, was added to start the reaction. The extinction coefficient of ABTS
at 420 nm is 3.6 � 104 M�1 cm�1 (14). Reactions were followed spectrophoto-
metrically for 15 or 30 min, and the initial linear rate minus the control (no
substrate) was taken for data presentation.

BW-1 kinetics. The effect of BW-1 on the activity of PAO was determined by
measuring the amount of peroxide produced using 10 �g of horseradish perox-
idase, 5 �M ABTS in 0.1 M glycine buffer, pH 7.0. N-Acetylspermine was added
to the cuvette at concentrations from 0.1 mM to 2.0 mM in the presence and
absence of 0, 5, 50, and 100 �M BW-1. The reaction was started by the addition
of 67 �g of E. cuniculi spore extract, and the change in absorbance was measured
at 420 nm for 15 min. The results were analyzed using Hanes-Woolf plots with
various amounts of [S] against [S]/V with each concentration of BW-1.

Isolation of intracellular forms of E. cuniculi. Preemergent spores were iso-
lated from infected RK-13 cells (�50 to 75% infection) in T75 flasks. Infected
monolayers were trypsinized, scraped, and homogenized in a glass vessel for 6 to
8 min at 0 to 4°C. The breakage medium consisted of PBS plus a protease
inhibitor cocktail containing 2.7 mM N�-p-tosyl-L-lysine chloromethyl ketone
HCl (TLCK), 0.15 mM aprotinin, 2.2 mM leupeptin, and 0.5 mM dithiothreitol
in 50 mM KCl-0.15 M NaPO4, pH 7.4. Cell homogenates were passed through
12-�m and 5-�m filters. Preemergent spores were harvested on a 60% (vol/vol)
Percoll gradient using the large-scale gradient procedure described by Bacchi et
al. (3). The heavy gradient fraction consisting largely of preemergent spores
(specific gravity, 1.102 to 1.1190 g ml�1) was collected and washed in Weidner-
Trager medium (25) containing 3 mM ATP, 1 mM GTP, 0.5 mM NAD�, 2 mM
glucose-6-phosphate, 0.5 mM acetyl-coenzyme A, 1 mM Na pyruvate, 2 mM
glucose, 138 mM Na3PO4, pH 6.8. The resulting pellet was resuspended in
Weidner-Trager medium and used for incubation with 13C-labeled BW-1.

Synthesis of 13C-labeled BW-1. The synthesis of bis-�-99% 13C-enriched BW-1
was accomplished as shown in Fig. 1, using our previously described synthetic
route (7). Thus, 1,7-diaminoheptane (Fig. 1, structure 2) was bis-cyanoethylated
in the presence of [�-99% 13C]acrylonitrile (ethanol [EtOH], reflux) (Fig. 1,
structure 1) to afford the corresponding bis-�-99% 13C-enriched dinitrile (Fig. 1,
structure 3). The interior nitrogens were then N-Boc protected (di-tert-butyl
dicarbonate, CH2Cl2, H2O, NaHCO3), the nitrile moieties were reduced (Raney
Ni, NaOH, EtOH [50 lb/in2]), and the resulting primary amines were N-mesityl
protected (2-mesitylenesulfonyl chloride, CH2Cl2, H2O, 10% NaOH), producing
compound 4 (Fig. 1, structure 4). Bis-alkylation of intermediate 4 ([2-(phenyl)]-

benzyl] chloride, NaH, dimethylformamide) and deprotection (30% HBr in
acetic acid), followed by crystallization of the product from ethanol, afforded
the desired 1,15-bis-99% 13C-labeled BW-1 as the tetrabromide salt (Fig. 1,
structure 4).

RESULTS

PAO activity from E. cuniculi uses N1-acetylspermine as the
primary substrate and does not utilize spermine, as do mam-
malian PAOs (4). While examining the effects of polyamine
analogues on the uptake and metabolism of polyamines in E.
cuniculi, we found that a bis(phenylbenzyl) 3-7-3 analog
(BW-1) (Fig. 1) was a substrate for PAO. The activity of BW-1
as a substrate was compared to that of N1-acetylspermine (Ta-
ble 1). With 0.1 mM BW-1 as the substrate, the E. cuniculi
PAO exhibited activity equivalent to that with 0.1 mM N1-
acetylspermine. Concentrations of BW-1 of �0.1 mM resulted
in precipitate formation in the reaction mixture, which inter-
fered with the assay. A related bis-benzyl-3-7-3 analog,
MDL 27695 [N,N1-bis{3-[(phenyl-methyl)amino]propyl}1,7-di-
aminoheptane], was also examined for activity as an oxidase
substrate, since it had been found to be a substrate for mam-
malian PAO (8). This compound at 0.1 mM also had about the
same substrate activity as N1-acetylspermine (Table 1).

13C-labeled NMR studies. To determine how BW-1 was
metabolized by E. cuniculi PAO, we studied uptake and me-
tabolism of 13C-labeled BW-1 by intact preemergent spores.
Freshly isolated preemergent spore preparations (200 �g)
were incubated for 1 and 2 h with 99% 13C-enriched BW-1 (25
�M). All 13C-labeled nuclear magnetic resonance (NMR)
analyses were conducted using a Varian Mercury 400 mHz
NMR spectrometer equipped with an ATB tunable broadband
probe. All spectra were collected in D2O at 25°C and refer-
enced to the solvent deuterium lock signal as an internal stan-
dard. Representative spectra are shown in Fig. 2. After only 10
acquisitions, pure 13C-enriched BW-1 exhibited a strong reso-
nance at 43.9 mHz, corresponding to the expected frequency

FIG. 1. The synthesis of bis-�-99% 13C-enriched BW-1. Conditions were as follows. (a) Ethanol, reflux. (b) (Boc)2O, NaHCO3, CH2Cl2, H2O.
(c) Raney Ni, NaOH, EtOH (50 lb/in2). (d) 2-Mesitylenesulfonyl chloride, 10% NaOH, CH2Cl2, H2O. (e) [2-(phenyl)]benzyl] chloride, NaH,
dimethylformamide. (f) 30% HBr in acetic acid.
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for the �-labeled carbons (Fig. 2A). This observation is iden-
tical to the frequency previously assigned for this carbon in the
13C spectrum of unlabeled BW-1 (data not shown). Because of
the low number of acquisitions, no other resonances appeared
in the spectra of labeled BW-1. Following incubation with E.
cuniculi, the organism was collected and separated from the
supernatant by centrifugation, and each fraction was subjected
to analysis by 13C-labeled NMR. As shown in Fig. 2B, there
was no detectable NMR signal in the supernatant fraction, an
indication that 13C-labeled BW-1 had been transported into
the organism and that all subsequent metabolism had occurred
intracellularly. In contrast, there were significant 13C-labeled
NMR signals observed in the pelleted material following cen-
trifugation of the culture and extraction with 10% trichloro-
acetic acid (Fig. 2C). The resonance at 43.9 mHz correspond-
ing to BW-1 was completely absent, and two new resonances at
94.7 and 166.7 mHz were observed. Calculations derived from
the NMR chemical shift estimator function of ChemBio-Draw
Ultra 11.0 (CambridgeSoft, Cambridge, MA) and the spectra
of the pure dicarboxylate (Fig. 2D and E) support the conclu-
sions that these peaks could correspond to a hydrated aldehyde
(estimated chemical shift, 98.0 ppm) (Fig. 2D) and a dicar-
boxylate formed through oxidation of BW-1 by PAO in E.
cuniculi (estimated chemical shift, 175.5 ppm) (Fig. 2E), gen-
erated as shown in Fig. 3. Enzyme-catalyzed abstraction of an
�-hydrogen in BW-1 would produce the corresponding bis-
imino intermediate 5 (Fig. 3, structure 5) which, following
hydrolysis and elimination of 2-(phenyl)benzylamine (Fig. 3,
structure 6), would afford the corresponding bis-aldehyde (Fig.

3, structure 7). This intermediate would become partially hy-
drated in aqueous solution to afford intermediate 8 (Fig. 3,
structure 8), thus accounting for the appearance of a new peak
at 94.7 mHz. A portion of the aldehyde (Fig. 3, structure 7)
could also spontaneously oxidize to form the dicarboxylate
(Fig. 3, structure 9), thus accounting for the second new peak
at 166.7 mHz. In order to support this hypothesis, an authentic
sample of the dicarboxylate derivative was synthesized (22) and
a 13C-labeled NMR spectrum was collected (CD3OD) for this
compound (Fig. 2F). The chemical shift observed for the car-
boxylate carbon was 173 ppm, which agrees with both the
estimated value of 175.5 ppm and the observed value of 166.7
ppm. In addition, the aliphatic peaks observed for the authen-
tic dicarboxylate correlate with those in the estimated spec-
trum shown in Fig. 2E. The minor differences in carboxylate
resonance can be explained by variations in the solvent (D2O)
for the biological samples against CD3OD for the synthesized
dicarboxylate, concentration, and pH of the respective solu-
tions, and thus the spectra in Fig. 2F support the mechanism
proposed in Fig. 3. Such a mechanism is consistent with that
described for other amine oxidases, such as monoamine oxi-
dase, and is similar to the oxidation of the naturally occurring
polyamine spermine in the presence of hydroxyl radical, as
previously described by our laboratories (17). Additional stud-
ies are required to determine whether the oxidation of BW-1 in
E. cuniculi proceeds by this or another related mechanism.

In order to determine whether BW-1 was also metabolized
by the mammalian cells in the feeder layer, RK-13 rabbit
kidney cells (400 �g) were exposed to bis-�-99% 13C-enriched
BW-1 at a concentration of 10 �M for 3 h. The cells were then
collected by centrifugation, and 13C-labeled NMR spectra
were collected for the supernatant, a 10% extract of the pellet
material, and a sample of sterile medium (control). No peaks
corresponding to 99% 13C-enriched BW-1 or any putative me-
tabolite were observed in the supernatant following 15,000
acquisitions (i.e., the spectrum was identical to that shown in
Fig. 2B), indicating that all of the 99% 13C-enriched BW-1 had
been removed from the medium, presumably by transport into
the RK-13 cells. The spectrum obtained for the supernatant
fraction was identical to that of sterile medium that had not
been exposed to 99% 13C-enriched BW-1. In contrast, 13C-
labeled NMR analysis of the pellet material (15,000 acquisi-
tions) revealed two strong peaks at 94.7 and 166.7 ppm that
were identical to those observed for metabolism of BW-1 by E.
cuniculi (i.e., the spectrum was identical to that shown in Fig.
2C). These data suggest that BW-1 is readily taken up by
RK-13 rabbit kidney cells and that BW-1 is metabolized in
these cells by a route that is analogous to the E. cuniculi
pathway.

Kinetics of BW-1 inhibition. Used as sole substrate, BW-1
gave linear reaction rates over 15 min, a Km of 2 �M, and a
Vmax of 7.6 �M/min (Fig. 4) in a substrate range of 1 to 30 �M.
The effect of BW-1 on E. cuniculi PAO was analyzed by using
kinetic plots with N-acetylspermine as the substrate (Fig. 5).
The Km value for N-acetylspermine alone is 30 �M, whereas in
the presence of BW-1 the apparent Km value for N-acetylsper-
mine is 15 �M (Table 2). The ratio of Vmax/Km for the reaction
increases 3.5-fold from 0.33 to 1.17 in the presence of BW-1,
which is indicative of the additional peroxide formed in the
presence of BW-1. From the Hanes-Woolf plot of BW-1 versus

TABLE 1. E. cuniculi PAO activityc

Preparation Substrate
Activity

mM nm/mg/protein/min

1 N�-acetylspermine 1 2,809
N�-acetylspermine 0.1 3,037
BW-1 0.1 2,927 (0.96)a

2 N�-acetylspermine 0.1 2,447.5
BW-1 0.1 1,953.5 (0.80)a

3 N�-acetylspermine 1 1,536.3
BW-1 10 478.7 (0.31)b

BW-1 0.1 2,342.3 (1.52)b

MDL 27695 1 1,370 (0.89)b

4 N�-acetylspermine 0.1 706
BW-1 0.1 672 (0.95)a

MDL 27695 0.1 690.5 (0.98)a

a Activity compared to 0.1 mM N�-acetylspermine.
b Activity compared to 1 mM N�-acetylspermine.
c Assay performed as described in Materials and Methods.
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that of N-acetylspermine, it can be determined that the Ki for
BW-1 is 40 �M. These results are indicative that BW-1 acts as
a competitive inhibitor of the enzyme and may be a subversive
substrate, resulting in additional peroxide production.

DISCUSSION

Early studies of polyamine content and function in eukary-
otic cells also focused on inhibition of their synthesis as a
potential major mechanism for inhibition of cell growth. With
the realization that polyamine interconversion and excretion
were also important facets of polyamine metabolism, research
activity then turned to development of antipolyamine agents
which would be taken up through polyamine transporters, ac-
celerate polyamine breakdown, and downregulate their synthe-
sis (19). One of the first agents developed in this family of
polyamine analogues was MDL 27695, which had a 3-7-3
amine backbone and terminal benzyl groups (Table 1) (10).
Initial studies demonstrated that this compound was debenzy-
lated by a mammalian oxidase to H2O2, benzylaldehyde, and
the 3-7-3 amine backbone. The last was capable of downregu-
lating polyamine synthesis, increasing polyamine interconver-
sion and excretion, and lowering polyamine levels in the cell
(8). The potential utility of MDL 27695 has been demonstrated
as an inhibitor of mammalian tumor cell growth and as an
antimalarial and antileishmanial agent (6, 9, 23). Recent stud-
ies with MDL 27695 against Pneumocystis carinii indicate that
MDL 27695 was highly effective in a rat model of infection and
interfered with the polyamine uptake and metabolism of the
parasite (20).

The present study strongly indicates that the parasite E.
cuniculi is capable of assimilating the related bis(phenylbenzyl)
analogue BW-1 and rapidly oxidizing it to 2-phenyl-ben-
zylamine and a diaminoheptane diethyaldehyde or diethylcar-
boxylate. Future work will focus on the products of oxidation
of bis-�-99% 13C-enriched BW-1 by purified human PAO and
spermine oxidase in vitro. The proposed oxidation products of
BW-1 differ from those metabolites of bis-benzylated 3-7-3
analogue MDL 27695 produced by mammalian cells through
the mammalian PAO; in that reaction, benzylaldehyde and the
free 3-7-3 bis-amine derivative were the products. In a model
of Plasmodium berghei infection, the oxidation of the bis-benzyl
polyamine analogue (MDL 27695) to the free amine took
place in mouse erythrocytes. The bis-benzyl form was neces-
sary for accumulation in the erythrocyte, and metabolism to
the free amine took place therein (10). The free bis-3-7-3

FIG. 2. NMR analysis of purified 13C-labeled BW-1 and subse-
quent metabolic studies. (A) 13C-labeled NMR spectrum for pure
13C-labeled BW-1. (B) 13C-labeled NMR spectrum of supernatant
fraction following incubation of BW-1 in E. cuniculi and centrifuga-
tion. (C) 13C-labeled NMR spectrum of pellet following incubation of
BW-1 in E. cuniculi and extraction with 10% trichloroacetic acid.
(D) Calculated estimate of chemical shift values for the putative hy-
drated aldehyde derived from BW-1. (E) Calculated estimate of chem-
ical shift values for the putative dicarboxylate derived from BW-1.
(F) 13C-labeled NMR spectrum for an authentic sample of the unla-
beled dicarboxylate (compound 9). The resonance at 173 corresponds
to the carboxylate carbon, while the small peak at 171 corresponds to
a small amount of the monocarboxylate generated during the synthesis.
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amine derivative did not penetrate the erythrocyte, and mice
treated with an amine oxidase inhibitor were not cured of the
infection, indicating that the PAO oxidation of the parent
compound was essential for antimalarial activity. In contrast, in
P. carinii, MDL 27695 was not metabolized to the 3-7-3 deriv-
ative, and the debenzylated product (3-7-3 amine) was not
growth inhibitory, indicating that the intact molecule was re-
sponsible for the antipneumocystis effects (20).

In the present study, BW-1 was taken up and rapidly oxi-
dized to apparently identical products by E. cuniculi and the

uninfected RK-13 feeder cells. Control studies using sterile
complete medium showed there was no metabolism of 13C-
labeled BW-1. The newborn calf serum used with culture me-
dium for the RK-13 feeder layer had no oxidase activity using
BW-1, N1-acetylspermine, or benzylamine as the substrate.
The identity of the enzyme(s) responsible for oxidation of
BW-1 in E. cuniculi is not clear. The parasite enzyme with
N1-acetylspermine as a substrate is not inhibited by the PAO

FIG. 3. Proposed oxidative metabolism of BW-1.

FIG. 4. Hanes-Woolf plot of E. cuniculi PAO activity with BW-1 as
substrate. BW-1 concentration was varied from 1 to 30 �M using the
assay conditions described in Materials and Methods. The assay con-
tained 50 to 200 �g E. cuniculi protein in a volume of 1 ml, and the
absorbance change of ABTS was recorded at 420 nm. The Km for
BW-1 was calculated to be 2 �M and the Vmax 7.57 �M/min.

FIG. 5. Hanes-Woolf plot showing the comparative inhibition ki-
netics obtained with BW-1 on E. cuniculi PAO. The activity of PAO
was measured in the presence of 100, 250, 500, 1,000, and 2,000 �M
N1-acetylspermine either in the absence of BW-1 (F) or presence of 5
�M (E), 50 �M (�), or 100 �M (ƒ) BW-1. Incubations contained 0.1
M glycine buffer (pH 7.0), 10 U of horseradish peroxidase and 22 to
220 �g E. cuniculi protein in a volume of 1 ml. The change in absorp-
tion of ABTS was measured at 420 nm.
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inhibitor MDL 72527, but activity is significantly affected by
pargyline, a Cu-amine monoamine oxidase inhibitor, and ami-
noguanidine, which targets monoamine oxidase (4). While the
optimum catalytic pH for monoamine oxidase and polyamine
oxidases is about 10, the E. cuniculi oxidase activity is between
pH 7 and 8 (4). It is not known whether the oxidation of BW-1
is essential for activity against microsporidia. The compound is
a potent inhibitor of E. cuniculi growth in an in vitro culture
system (50% inhibitory concentration, 0.47 �M), without tox-
icity to the feeder layer, and cured an E. cuniculi mouse model
of infection (1 or 5 mg/kg of body weight/day for 10 days) (4,
28) without toxicity to the host. In vitro, BW-1 at micromolar
levels blocked spermine uptake and interconversion by E. cu-
niculi preemergent spores (4). However, in mammalian cell
lines, the related compound MDL 27695 did not compete with
polyamine transport and appeared to enter cells by a separate
transport system (12). It remains to be seen whether intact
BW-1 or its amine products are active as growth inhibitors
against E. cuniculi, whether oxidation of BW-1 occurs in host
cells prior to entry into the parasite, and whether the 3-7-3
oxidation product can enter the parasite.
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TABLE 2. Substrate kinetics of E. cuniculi PAOa

Substrate Vmax (�M min�1) Km (�M)

N1-acetylspermine 10.0 30
BW-1 7.6 2
N1-acetylspermine � BW-1 17.5 15

a Kinetic constants were obtained from Hanes-Woolf plots of various substrate
concentrations for N1-acetylspermine (100 to 2,000 �M) and BW-1 (1 to 25 �M).
The values for the N1-acetylspermine plus BW-1 mixture were determined from
Hanes-Woolf plots of various N1-acetylspermine (100 to 2,000 �M) concentra-
tions with fixed increasing concentrations of BW-1 (5 to 100 �M).
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