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Formation of a 2,4-dichloro-1-nitrobenzene glutathione conjugate [S-(5-chloro-2-nitro-
phenyljglutathione, 2] was confirmed in the cell-free system of Mucor Javanicus which metabo-
lizes 2,3- and 2,4-dichloro-1-nitrobenzenes into the corresponding chloro-methylthio-nitro-

benzenes or chloro-methylthiobenzenamines.
cysteine conjugate (3) and 5-chloro-2-nitrobenzenethiol (4) were investigated.

Further metabolisms of 2, the corresponding

Oxidation

products (S-oxides and S-dioxides) of the formerly identified methylthio-containing me-
tabolites were isolated from the growing cultures of the fungus administered 2. S-(5-Chloro-
2-nitrophenyl)cysteine (3) and N-acetyl-S-(5-chloro-2-nitrophenyl)cysteine (7) were newly
identified as metabolites of 2 in the resting cell system of the fungus.

INTRODUCTION

During the course of our previous studies,!?
Mucor javanicus was found to metabolize 2,3-
and 2,4-dichloro-1-nitrobenzenes (DCNB) into
the corresponding benzenamines, 3- or 4-
chloro-2-methylthio-1-nitrobenzene and 3- or
4-chloro-2-methylthiobenzenamine.  On the
basis of the metabolite structure, two reactions,
namely, reduction of the nitro group and/or
substitution of the ortho chlorine atom by a
methylthio group were responsible for the
formation of these metabolites. However, no
information was obtained about a metabolic
pathway or a source of the sulfur atom in
methylthio-containing metabolites. = Lamou-
reux and Rusness® have recently reported on
the pentachloronitrobenzene (PCNB) metabo-
lism in onions, proposing a mechanism of
pentachloro-methylthiobenzene (PCMTB) for-

* Microbial Metabolism of Chlorinated Nitro-

benzenes (Part 3). For Part 2, see Ref. 2).
** Present address: Hasanuddin University,
Baraya, Ujung Pandang, Indonesia.

mation. Their investigation shows that S-
(pentachlorophenyl)cysteine, which is suggested
to be an intermediate derived from S-(penta-
chlorophenyl)glutathione, is metabolized to
pentachlorobenzenethiol, followed by methyl-
ation to PCMTB. Their results suggest the
formation of methylthio-containing metabolites
from DCNB by M. javanicus via the similar
pathway to that yielding PCMTB from PCNB
in onions.

This paper is to present some lines of evidence
for the presence of a metabolic pathway in the
fungus to afford methylthio-containing me-
tabolites (5,6) from 2,4-DCNB (1) via its
glutathione conjugate [S-(5-chloro-2-nitrophen-
yl)glutathione, 2]. For example, first, gluta-
thione S-transferase (GST) activity was detect-
ed in the cell-free extract of M. javanicus, and
glutathione conjugate 2 derived from 2,4-
DCNB (1) was successfully isolated from the
enzymatic reaction mixture. Second, further
metabolism of 2, a cysteine conjugate [S-(5-
chloro-2-nitrophenyl)cysteine, 3], or 5-chloro-2-
nitrobenzenethiol (4) resulted in the formation
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of methylthio-containing metabolites (5, 6).
In the course of the present study, the forma-
tion of an N-acetylcysteine conjugate (7) from
2 was unexpectedly observed in the resting
cell suspension of M. javanicus.

MATERIALS AND METHODS

1. General Methods

Melting points (mp) were determined by the
micro hot-plate method and uncorrected.
Instrumentation. Electron impact ionization
mass spectra (EI-MS) were obtained on a
JEOL JMS-D300 instrument (direct inlet sys-
tem, 70 eV ionization potential), or a JMS-
D300 combined with a gas chromatograph
(JEOL JGC-20K equipped with 5%, Silicone
SE-30 on Uniport HP or 5% PEG-20M on
Celite 545 AW DMCS each in 2 mm 1.d.X1.0
m glass column, GC-MS system, 23 eV ioniza-
tion potential). Field desorption mass spectra
(FD-MS) were determined on a JEOL JMS-
01SG 2 (12-16 mA emitter current). UV, IR
and 'H-NMR spectra were recorded on a
Hitachi Model EPS-3T, a Hitachi Model 285
and a JEOL FX-100, respectively. Specific
rotations were recorded on a JASCO DIP-4
Digital Polarimeter. GLC: Shimadzu GC-4CM
(FID) equipped with 5% PEG-20M on Uniport
W (AW) or 5% Silicone SE-30 on Uniport
HP/4 mm i.d.x1.0 m glass column, was used
for quantitative or qualitative analyses."
HPLC: JASCO 10G15H equipped with a UV
detector and a Cosmosil 5Cis, 4.6 mm i.d.X
15 cm column. 7LC: Silica Gel 60 Fess pre-
coated glass plates (0.25 mm thickness) were
used for analytical or preparative TLC, and
aromatic compounds were visualized under
UVaseum light.  Solvent systems for develop-
ment or elution were: Solvent A, CHCls—
MeOH-AcOH-H:0=10:7:1:2; Solvent B,
#-BuOH-AcCOH-H:0=12:3:5; Solvent C,
MeOH-benzene—conc. ammonia water=90:7:
3: Solvent D, hexane-benzene—ether=1:1: I.

2. Chemicals

See our previous papers.'® Glutathione and
cysteine conjugates of 2,4-DCNB were pre-
pared by the method of Lamoureux and
Rusness.*

S -(5-Chloro - 2-nitrophenyl) glutathione  (2):
Glutathione conjugate 2 was prepared from

2,4-DCNB (1, 1.24 g) and glutathione (1 g) in
100 ml of H:0-MeOH-acetone (43:40:17)
containing 2.24 g of K:CO: with stirring at
room temperature for 9 hr. The reaction mix-
ture was then adjusted to pH 7.0 and washed
with ether (x3). The water layer was con-
centrated to ca. 40 ml, acidified to pH 3.0 and
kept in a refrigerator overnight. The resulting
precipitates were collected and recrystallized
from 50% EtOH in pale yellow needles, mp
204-205°C. [a]2+28° (c=1, 1~ HCl). FD-
MS m/z (%): 465 (M*+3, 41), 464 (M*+-2, 26),
463 (M++1,100). IR wiiicm™: 3270, 3060,
1640, 1580, 1500, 1420, 1330, 1230, 1120, 860,
820, 780, 750, 670, 550. ‘'H-NMR d5&*™°
(100 MHz) ppm: 2.17 (2 H, br. q, / =6.5 Hz, H.),
2.52 (2 H,t, J]=6.5Hz, H.), 337 (1 H,dd, /=
8.8 and 14.3Hz, H,), 3.65 (1 H,dd, J=6.7
and 14.3 Hz, H,), 3.96 (2 H,s, H,), 4.08 (1 H,
t, J=6.5Hz, H.), 4.72 (1 H,dd, J=6.7 and
8.8 Hz, Hy), 7.41 (1 H,dd, J=2.0 and 8.8 Hz,
H), 7.69 (1 H,d, J=2.0Hz H,), 820 (1H,
d, J=8.8Hz, H;). UV ALY nm (¢): 253
(10,300), 285 sh (4200), 375 (1900).

S-(5-Chloro-2-nitrophenyl)cysteine (3): 2,4~
DCNB (1, 191 g in 35ml of acetone), L-
cysteine (1.21 g in 50 ml of MeOH) and NaOH
(2 g in 15 ml of H.0) were mixed and stirred
at 40°C for 2.5 hr. Then the reaction mixture
was neutralized (pH 7.0), concentrated to ca.
50 ml and washed with CHCls (x3). The
water layer was kept in a refrigerator over-
night to give precipitates, which were recrystal-
lized from 509%, EtOH in pale yellow needles,
mp 160-161°C. [a]3+34° (c=1, 1~ HCI).
FD-MS m/z (%): 279 (M*++3, 40), 278 (M*+-2,
32), 277 (M*+4-1, 100), 276 (M*, 47), 203 (34),
189 (51), 74 (33). IRwEZ cm™: 3095, 3000,
2905, 1615, 1590, 1560, 1520, 1450, 1425, 1395,
1330, 1290, 1265, 1240, 1195, 1150, 1120, 860,
840, 780, 750, 670, 530. 'H-NMR &5+
(100 MHz) ppm: 3.62 (1 H, dd, /=7.2 and 14.9
Hz, H,), 3.83 (1 H, dd, J=4.7 and 14.9 Hz, H.),
442 (1H,dd, J=4.7 and 7.2 Hz, H.), 7.50
(1 H,dd, J=2.1 and 8.8 Hz, H.), 7.71 (1 H, d,
J=2.1Hz, Hy), 820 (1H,d, J=8.8Hz, Hy).
UV ALLY X0 nm (€) : 252 (12,000), 287 sh (4300),
377 (2800).

5-Chlovo-2-nitrobenzenethiol (4): The meth-
od of Battistoni et al.® was applied to prepare
4. To 2,4-DCNB (1, 2 g) in 30 ml of dimethyl
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sulfoxide was added 2.4 g of Na.S-8H:0 and
the mixture was stirred at room temperature
for 1 hr. The resulting deep-red solution was
poured into 30 m! of H.O and extracted with
30 ml of toluene (x 3). The aqueous layer was
then acidified to pH 3.0 and extracted with 30
ml of ether (x3). The combined ether ex-
tracts were concentrated to dryness and the
residue was crystallized from benzene-petro-
leum ether in yellow needles (841 mg). Mp 96—
97°C. EI-MS m/z (%): 191 (M*++2,1), 189
(Mt, 3), 174 (5), 172 (34), 127 (17), 125 (100),
108 (18), 69 (16), 63 (25). IR v cm™: 3085,
2545, 1590, 1555, 1495, 1450, 1130, 1055, 990,
860, 820, 790, 750, 670, 550. 'H-NMR dns's
(100 MHz) ppm: 4.07 (1 H, s, SH), 7.24 (1 H, dd,
J=22 and 8.8Hz H,), 744 (1 H,d, /=22
Hz, H.), 8.21 (1 H, d, /=8.8 Hz, H.). A minor
product, bis(5-chloro-2-nitrophenyl) disulfide
was obtained from the former toluene extract.

N -Acetyl-S-(5-chloro-2-nitrophenyl)cysteine
(7): According to the method of Zbarsky and
Young,” 7 was prepared by acetylation of 3
with acetic anhydride and NaOH. Pale yellow
needles from aq. EtOH, mp 177-178°C, [«]5+
56° (¢=0.5, EtOH), ILt.,”4634-3° (c=0.5,
EtOH). FD-MS m/z (%): 321 (M*+4-3, 46),
320 (M*42,55), 319 (M*, 100), 172 (24), 85
(55). IR vizx cm™': 3380, 3090, 2920, 1725,
1615, 1585, 1500, 1420, 1325, 1290, 1215, 1120,
860, 815, 745, 665, 550. ‘'H-NMR dgonee
(100 MHz) ppm: 1.93 (3 H, s, H.), 3.47 (1 H, dd,
J=7.1 and 13.8 Hz, H.), 3.78 (1 H, dd, /=5.1
and 13.8 Hz, H.), 4.85 (1 H, dd, /J=5.1 and
7.1 Hz, H,), 7.44 (1 H, dd, /=1.9 and 8.8 Hz,
H,), 7.81 (1 H,d, J=1.9 Hz, H.), 8.21 (1 H, d,

J=88Hz, H,). UVAULY®"nm (¢): 253
(12,700), 285sh (5200), 375 (3200), lit.,”
UV ALY 50" nm (e): 253 (13,500), 285 sh, 375
(3200).

Sulfoxide and sulfone derivatives were pre-
pared from the corresponding sulfides (5, 6) by
the method of Casida ef al.®

4-Chloro- 2-methylsulfinyl- I1-nitrobenzene (8):
Yellow plates, mp 130-131°C. EI-MS m/z (%):
221 (M*+42,25), 219 (M*, 93), 143 (50), 127
(45), 114 (44), 110 (33), 76 (100), 75 (64), 63
(45). IRwisxcm™: 3075, 1565, 1505, 1440,
1330, 1105, 1065, 1025, 955, 905, 855, 825, 745,
670, 540.

4-Chlovo-2-methylsulfonyl-1-nitrobenzene (9):

Colorless plates, mp 120-121°C. EI-MS m/z
(%): 237 (M*4-2, 28), 235 (M+, 100), 222 (18),
220 (71), 175 (6), 173 (44), 145 (20), 143 (93).
IR vl cm™: 3085, 1565, 1535, 1455, 1360,
1310, 1145, 1125, 1095, 1045, 955, 885, 860,
840, 795, 750, 740, 665, 550.

4-Chloro- 2-methylsulfinylbenzenamine (10):
Brownish amorphous solid, mp 61-62°C. EI-
MS m/z (%): 191 (M*+4-2, 4), 189 (M+, 29), 176
(29), 174 (100). IR viii cm™: 3380, 3305, 3185,
1625, 1475, 1400, 1295, 1245, 1150, 1120, 1055,
1025, 955, 880, 850, 820, 710, 675, 645, 530.

4-Chloro- 2-methylsulfonylbenzenamine (11):
Yellow needles, mp 115.5-116.5°C. EI-MS
mlz (%): 207 (M*+42, 25), 205 (M+, 100), 142
(20), 126 (54), 99 (13), 90 (7). IR viZicm™:
3470, 3375, 2915, 1625, 1475, 1405, 1300, 1280,
1145, 1125, 1040, 965, 890, 855, 820, 780, 715,
645, 565, 540.

3. Fungus and Its Cultivation

Mucor javanicus AHU 6010 was used in the
present study. The fungus was cultured in a
liquid medium consisting of 5%, glucose, 1%
peptone and 0.1% yeast extract (basal
medium) at 25°C with shaking (90 rpm, 100 ml
medium/500-ml flask) for a set time.

4. Metabolic Experiments Using the Growing
Cells or the Resting Cells

Metabolism in the growing medium:. Meta-
bolic experiments using the growing cultures
were carried out according to the procedure
described previously® with some modifications
mentioned in the text. Quantitative and quali-
tative analyses of volatile metabolites were
conducted as shown in our previous papers.b?

Metabolism by the resting cells: The fungus
grown for 4 days in the basal medium was
harvested by filtration and sucked dry on a
Buchner funnel (75-769, moisture). The myce-
lia were suspended in a reaction medium con-
sisting of 67 mM phosphate buffer (pH 7.0) and
a substrate. The suspension was shaken for a
set time.

5. Experiments Using the Cell-free System

A part of mycelia (96 g) in the metabolic
experiment using the resting cells was wetted
with a phosphate buffer solution (67 mm, pH
6.6) and ground with siliceous sand. The
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resulting slurry diluted with the buffer solution
(50 ml) was centrifuged at 4000 rpm for 5 min
(—5°C) to give a supernatant. The precipitate
was resuspended in the buffer solution (70 ml)
and centrifuged similarly. The combined
supernatants were further centrifuged at 17,000
rpm for 20 min to give a cell-free extract, which
was diluted to 200 ml with the buffer solution.
The amount of protein (28 mg/ml) was deter-
mined by the microbiuret method.” Gluta-
thione S-transferase activity was determined
by the method of Habig et al.'” 2,4-Dinitro-
chlorobenzene was used as a standard substrate
to determine the specific activity of the crude
enzyme preparation.

RESULTS AND DISCUSSION

1. Formation of a 24-DCNB Glutathione
Conjugate (2) in the Cell-free System of
Mucor javanicus

Glutathione S-transferase (GST, EC 2,5,1,18)
with wide substrate-specificity which has been
implicated in detoxification of xenobiotics by
mammals, plants and insects'>'* has been
recently found in microorganisms as well, such
as Escherichia coli,*® Cunwninghamella elegans'®
and Fusarium oxysporum.'®

The results of our previous studies, in which

some of DCNB were found to be converted
into methylthio-containing metabolites by
Mucor javanicus and other fungi,»* suggested
that GST might play an initial role to introduce
a sulfur atom into the chlorinated nitrobenzene
substrate. Although the crude extract of M.
javanicus showed GST activity [Specific ac-
tivity of the crude protein precipitated in 80%
saturation of (NH.):SO.: was calculated to be
229 nmol/min/mg protein by the assay de-
scribed by Habig e al.'® using 2,4-dinitro-1-
chlorobenzene as a substrate.], its catalytic
activity to conjugate 2,4-DCNB (1) with
glutathione (GSH) was negligibly small. To
confirm the occurrence of the expected reac-
tion, a preliminary experiment was carried out
using 1*C-2,4-DCNB.*®

As shown in Table 1, radioactivity of the sub-
strate was partly but significantly transferred
into its water-soluble fraction. A reaction
product in the water phase was isolated from
the large-scale experiment (x40) using cold
2,4-DCNB (1) as the substrate and confirmed

Table 1 Distribution of radioactivity after en-
zymatic conjugation reaction.

Radioactivity (%)

Cell-free

extract Ether extract Water layer
Intact 86.3 13.7
Boiled 97.8 2.2

A reaction mixture consisting of the cell-free
extract of M. javanicus (0.5 ml, protein 14
mg), GSH (1.5 mg in 0.5 ml of H;0), 14C-2,4-
DCNB (0.5 mg in 0.5 ml EtOH; SA 80 mCi/
mol) and a phosphate buffer solution (3.5 ml,
67 mM, pH 7.0) was incubated at 25°C for 5
hr with gentle shaking. A complete assay
mixture containing the boiled cell-free ex-
tract was used as a control. After reaction,
the mixture was acidified to pH 1.0 and
extracted with ether (5 mlx 3). Radioactivi-
ty of the combined ether extracts and the
water layer was determined by a liquid scin-
tillation spectrometer using Scintisol 500.

to be a corresponding glutathione conjugate
(2) in the following manner. A reaction mixture
(200 ml) obtained similarly as described in
Table 1 was washed with ether (200 mlx 3)
and concentrated. The concentrate was sub-
jected to column chromatography over Amber-
lite XAD-4 (3.5 cm i.d. X 20 cm). The charged
column was washed with 800 ml of H:O and
the adsorbed constituents were eluted with
MeOH. The MeOH eluate (1600 ml), except
for the initial 200 ml, was concentrated to give
a spot comparable to that of authentic 2 on
TLC plates at Rf 0.42 and 0.32 respectively
developed in Solvent A and Solvent B. The
spot on Fiss TLC plates was visualized both
under UViu.m light (quenching) and by
spraying a ninhydrin reagent (developing a
blue color). The product well agreed with
authentic 2 in liquid chromatographic proper-
ties (R 5.20 min/4.6 X 150 mm Cosmosil 5Cis
column, 25% MeOH 1 ml/min). The corre-
sponding band on preparative TLC (PTLC)
plates developed in Solvent A was eluted with
Solvent C and the concentrated eluate was
diluted with 20 ml of H:O prior to the treat-
ment with active charcoal (100 mg). The
collected charcoal was washed with 200 ml of
H:0, followed by elution with 200 ml of
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Solvent C. The eluate was concentrated to
dryness and the residue (2.76 mg) was cristal-
lized from 509, EtOH in pale yellow needles,
mp 205-206°C, FD-MS m/z (%): 465 (M*4-3,
30), 464 (M*-+2,35), 463 (M*+4-1,100) and
UV A9 (nm): 253, 285 sh. Thus the isolate
and authentic 2 were identical in physico-
chemical properties.

The formation of 2 from 2,4-DCNB (1) and
GSH in the cell-free extract of M. javanicus
was thus confirmed. Together with the result
shown in Table 1, this fact fully supports the
view that 1 was enzymatically (by GST)
converted into a glutathione conjugate. It is,
therefore, quite likely that an enzyme functions
in the living cells of the fungus to yield gluta-
thione conjugates of xenobiotics such as 1.

2. Formation of Methylthio-containing Me-
tabolites from a 2,4-DCNB Glutathione
Conjugate (2) and Its Related Compounds

Synthetic  substrates, glutathione and
cysteine conjugates of 2,4-DCNB (2 and 3) and
5-chloro-2-nitrobenzenethiol (4), which could
be intermediates when 2,4-DCNB metabolizes

to methylthio-containing products (5 and 6),

were fed to the growing cultures of M. javani-

cus. To the fungus grown for 4 days was
added each substrate, and the resulting methyl-
thio-containing metabolites were analyzed by

GLC and GC-MS after 24 hr of incubation.”

As shown in Table 2, two conjugates (2, 3)

and thiol (4) as well as 2,4-DCNB (1) were all
converted into 4-chloro-2-methylthio-1-nitro-
benzene (5) and 4-chloro-2-methylthiobenzen-
amine (6) but in quite different quantities.
Such results indicate that the metabolic path-
way of 1 consists of glutathione conjugation
and subsequent transformation into methyl-
thio-containing products. However, if so, 3
should be a more effective substrate than 2 in
producing end products (5,6). The incon-
sistency in the metabolite yields may be
partly explained by further metabolism of
these metabolites (5, 6) and/or a side-path in the
metabolism of 3, which will be discussed later.

3. Further Metabolites of the 2,4-DCNB Gluta-
thione Conjugate (2) in the Growing Cultures
of M. javanicus

The following experiment was conducted to
detect further metabolites of S-(5-chloro-2-
nitrophenyl)glutathione (2) in the growing

medium of M. javanicus. To a culture (100 ml)

of M. javanicus grown for 3 days in the basal

medium was added 10 mg of a substrate (2

dissolved in 975 ul of EtOH+4-25 ul of I N

HCl), and cultivation continued for another 4

days. Then, to each culture flask was added

50 ml of acetone, and the mixture was filtered.

The mycelia were washed once with 20 ml of

50% acetone. The filtrates and washings from

six cultures were combined, adjusted to pH

7.0, reduced to two-thirds the volume in vacuo

Table 2 Methylthio-containing metabolites from 2,4-DCNB (1) and the related compounds

in the growing cultures of Mucor javanicus.

Substrate ‘wbstrate  DCBA®  CMINBYM - CMTBA®
(%) (%) (%) (%)
S-(5-Chloro-2-nitrophenyljglutathione (2) ND® — 5.7 0.6
S-(5-Chloro-2-nitrophenyljcysteine (3) ND — 4.0 0.3
5-Chloro-2-nitrobenzenethiol (4) ND — 30.9 2.2
2,4-DCNB (1) 19.7 19.9 7.8 0.4

Each substrate (16 #mol/100 ml medium) was added to cultures grown for 3 days and the cultiva-
tion continued for another 24 hr. The products were extracted and determined as described in the
previous papers.h2 Yields (%) in duplicates are averaged.

2)  2,4-Dichlorobenzenamine (12).

b)  4-Chloro-2-methylthio-1-nitrobenzene (5).
¢ 4-Chloro-2-methylthiobenzenamine (6).
9> Not determined.

¢)  No peak corresponding to the metabolite on the gas chromatograms.
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and shaken twice with 300 ml of ether and once
with EtOAc. The combined organic layers
were successively washed with 59% NaHCO:;
solution and brine, dried over anhydrous
Na:SOs and concentrated to dryness. Four
metabolites were found in the residue by TLC.
These constituents were separated from each
other on silica gel PTLC plates developed in
Solvent D. Each band on the plate at Rf
0.07, 0.27, 0.38 or 0.61 was scraped off and
eluted from the silica gel with benzene.

A metabolite at Rf 0.61: A benzene eluate
containing a metabolite at Rf 0.61 was analyzed
by GLC and GC-MS. The GLC ¢R 4.63 min
(SE-30 column, 170°C), and GC-MS mjz 235
(M*, base peak) and other fragments of the
metabolite were identical to those of authentic
4-chloro-2-methylsulfonyl-1-nitrobenzene (9).
The first metabolite was thus confirmed to be 9.

A metabolite at Rf 0.38: The second me-
tabolite at Rf 0.38 was isolated from a benzene
eluate in colorless plates 1.2 mg in a 4.29,
yield, mp 130-131°C and MS m/z 219 (M*,
base peak). The metabolite was identified to
be 4-chloro-2-methylsulfinyl-1-nitrobenzene (8)
by direct comparison with authentic 8 in Rf,
tR (4.16 min on a SE-30 column at 170°C) and
MS.

A metabolite at Rf 0.27: A benzene eluate
containing a metabolite at Rf 0.27 was con-
centrated to dryness and the residue was
crystallized from hexane in pale yellow needles
1.18 mg in a 4.4%, yield, mp 115.5-116°C. The
metabolite was confirmed to be 4-chloro-2-
methylsulfonylbenzenamine (11) by direct com-
parison with authentic 11 in GLC (R 4.33 min
on a SE-30 column at 170°C), TLC and MS
(mfz 205; M*, base peak).

A metabolite at Rf 0.07: A metabolite at
Rf 0.07 was similarly obtained in pale brown
plates (4.8 mg in 209, yield), mp 61-62°C, MS
mlz (%): 189 (M*, 32), 176 (31), 174 (100).
Rf and /R (3.35 min on a SE-30 column at
170°C) and MS of the isolate were in agreement
with those of authentic 4-chloro-2-methyl-
sulfinylbenzenamine (10). The final metabolite
was thus confirmed to be 10.

The above results indicate that the fungus
can transform 2,4-DCNB (1) into methylthio-
containing metabolites vza a glutathione conju-
gate (2) and further oxidize them into sulfoxides

(8,10) and sulfones (9,11) with increased
polarity. Thus a sulfur atom in the methylthio-
containing metabolites of 1 is suggested to
originate from GSH. Okazaki'” reports that
pentachloromethylthiobenzene (PCMTB) is
oxidized to the corresponding sulfinyl and sulfo-
nyl derivatives by F. oxysporum f. lycopersict.
Those oxidized derivatives were also found
in soil and plants treated with PCNB or
PCMTB.%®

4. Further Metabolism of the Glutathione Con-
Jugate (2) by the Resting Cells of M. javani-
cus: A Survey of Water-soluble M etabolites

Next, water-soluble metabolic intermediates
were examined using the resting cells of M.
javanicus and the 2,4-DCNB glutathione
conjugate (2) as a substrate. The reaction
conditions and the procedure for metabolite
isolation are shown in Fig. 1. Each metabolite
band on silica gel PTLC plates was scraped
off and eluted from the gel with Solvent C.

A metabolite at Rf 0.73: An eluate con-
taining a metabolite at Rf 0.73 (Fig. 1) was
concentrated to dryness, and the residue was
crystallized from 50% EtOH in pale yellow
needles (2.01 mg), mp 160-161°C. The isolate
gave a spot at Rf 0.54 on TLC plates developed
in Solvent B and reacted with ninhydrin to
yield a blue color.

In FD-MS prominent peaks were at m/z 277
(base peak) and 276 (229%,). Since M*-4-1 ion
is detected more often than M™ in the FD-
MS, the molecular weight of the isolate was
estimated to be 276 corresponding to that of
2,4-DCNB cysteine conjugate (3). The direct
comparison of the isolated metabolite with 3
indicated that their chromatographic (TLC)
and spectroscopic (MS and IR) properties were
reasonably identical. The first metabolite was
thus confirmed to have the same structure as
3, a hydrolyzate of glutathione conjugate (2).

A metabolite at Rf0.86: The second metab-
olite at Rf 0.86 (Fig. 1) was separated in the
same manner as the first one and crystallized
from 309, EtOH in yellow needles (2.34 mg),
mp 177-178°C. 1Its FD-MS base peak at m/z
319 (277 (M*+1 of 3)4-42 mass units] fitted
that of the acetate of 3 in molecular weight.
The direct comparison of the isolated metab-
olite with authentic N-acetyl-S-(5-chloro-2-
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Reaction mixture

filtered

Filtrate «—

partly concentrated

1
Mycelia

washed with
50 % acetone
(10 ml x 2)

extracted once with

ether (25 ml each)
l

Organic layer

hexane and twice with

Washings Mycelia

Water layer

acidified to pH 1.0

[concentrated and

XAD-4 column
3.5 cm i.d. x 20 cm
]

£
Water eluate
(800 ml)

Meog'eluate
(1600 ml)

lconcentrated

PTLC

in %olvent A

I
Metabolite
at Rf 0.73

Fig. 1

1
Metabolite
at Rf 0.86

An isolation procedure for the water-soluble metabolites produced from 2,4-DCNB

glutathione conjugate (2) by the resting cells of Mucor javanicus.

*A reaction mixture consisting of 67 mm phosphate buffer solution (pH 7.0, 18 ml), 10 mg of

2,4-DCNB glutathione conjugate (2) in 2 ml of 5

9/, EtOH and wet mycelia of M. javanicus

(3 g) was incubated at 25°C for 25 hr with gentle shaking.

o GC Ct Cl

1 12 4

|cF &’

NO2 of ﬁo NO,

SCHZCCNHCHZCOOH SCHa SCH3

i h HNCCPbCHZCHCOOH

Cl cl

2 , 2

1Rc GG I* l*

NO2 NOzO NH; 0

b
f SCH,GHCOOH SCH3 ScH,
e d NH,
cl
3 \F‘*C B
~ NO, 2

cd b [+ ];
SCH,CHCOOH

]

f©e HNcocH, YO0 N
X a ©SCH3 @scm
7

Fig. 2 A summarized scheme indicating rela-
tions between substrates and metabolites.

Abbreviations: GC, growing cells; RC, resting
cells; CF, cell-free system, Metabolites 5, 6 and
12: previously identified. Metabolites 2, 3, 7 and
8-11: identified in the present study.

* Metabolites 8-11 were isolated from the grow-
ing cultures of M. javanicus administered the
glutathione conjugate (2), but the precise routes
resulting in these metabolites are not clear.
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nitrophenyl)cysteine (7) in physico-chemical
properties (mp, TLC, IR and MS) revealed
that they were indeed identical. In contrast
with the cysteine conjugate (3), 7 shows a
remarkable absorption band at vEE: 1725 cm™
attributable to the acetamide carbonyl group.
The second metabolite was thus confirmed to
be mercapturic acid 7. Fungal conversion of
the 2,4-DCNB glutathione conjugate (2) into
new metabolites 3 and 7 was thus confirmed.
Fungal formation of such a mercapturic acid
(7) has not yet been reported.

Metabolites and metabolic pathways con-
firmed in the present study are summarized in
Fig. 2. Time-course changes of these metabolic
intermediates and details about the fungal
metabolism of chlorinated nitrobenzenes will
be discussed in the following paper.t®
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= g

24-2>00-1-2 tARCEC DS LY FF
Liaaik: Mucor javanicus (T3s51F 3 e
H#HYMELTORHES LU EDORB
HEE#G 4, Zainuddin Hafsah, k&4t
Mucor javanicus ¥ 2,4-dichloro-1-nitrobenzene(1) %
4-chloro-2-methylthio- 1 - nitrobenzene (5) < 4-chloro-2-
methylthio-benzenamine (6) (#1345, AE O LA
WiHEh T, Sz FF v e 1 ebiasik S-(5-chloro-
2-nitrophenyl) glutathione (2) D4 KA FER I -, 2 %
X5 v AT 4 V34K (8), 5-chloro-2-nitrobenzene-
thiol (4) 2> & 2 5 /v FABMRARBED (5,6) OIS
Mo Sh, 2 %2 OFOEIEE TINS5 &, X
BIZ 5, 6 DANLKFY FRANKVBEKIBHIN
oo ERREEEAVC2 2B S5 &, KEHKS
ELTC3IRBIVZDON-7TEF LW () BRWEZh
o, THHOHERELD, 155 5, 6 LTOEE{LITOAIR
i, 1 DI ZFF AR RRER S L Thb -
T &R L7,

*HIRL= b e SV SHO ARG (5 3 H)
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