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A  GIutathione Conjugate of  2,4-Dichloro-1-nitrobenzene :

Its Detection as  a  Metabolic Intermediate and  Further

               Metabolism in Mucorl'avanicus*
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   Formation  of  a  2,4-dichloro-1-nitrobenzene  glutathiene conjugatc  [S-(5-chloTo-2-nitro-
phenyl)glutathione,  2j was  confirmed  in thc cell-free  systcm  of  Muoor]'avanicus  which  metabo-

lizes
 2,3- and  2,4-dichloro-1-nitrobenzenes into the  corresponding  chloro-methylthio-nitro-

benzenes  or  chloro-tncthylthiobenzenamines.  Furthcr metabo]isms  of  2, the carresponding

cysteine  conjugate  (3) and  5-chloro-2-nitrobenzenethiol  (4) "Tere  investigatcd, Oxidation

products  <S-oxicles and  S-dioxides) of  the formerly  identificd methylthie-containing  me-

tabolites wcre  isolatcd from  the growin.cr cultures  of  the  Eungus  administered  2, S-(5-Chloro-
2-nitrophenyl)cystcine C3> and  IV-acetyl-S-(5-chloro-2-nitrophenyl)cysteine (7) were  newly

identified as  metabelites  of 2 in the  rcsting  celi  system  oi the fungus.

             INTRODUCTION

  During  the course  of  our  previous studies,i,2)
Mucor  1'avanicus was  found  to metabolize  2,3-
and  2,4-dichloro-1-nitrobenzenes (DCNB) into
the corresponding  benzenamines, 3- or  4-
chlore-2-methylthio-1-nitrobenzene  and  3- or

4-chloro-2-methvlthiobenzenaminc.  On  the
basis of  the met5bolite  structure,  two reactions,
namely,  reduction  of  the nitro  group  and/or

substitution  of  the ortho  chlorine  atom  bv  a

methylthio  group  were  responsible  for 
"the

formation of  these metabolites,  Howcver,  no

information was  obtained  about  a  metabolic

pathway  or  a  source  of  the sulfur  atom  in
methylthio-containing  metabolites,  Lamou-
reux  and  Rusness3) have  recently  reported  on

thc pentachloronitrobenzene  (PCNB) metabo-

lism in onions,  proposing  a  mechanism  of

pentacliloro-methylthiobenzene  (PCMTB) for-
  '  Microbial  Metabolism  of  Chlorinated  Nitro-

    benzenes (Part 3). For  I'art 2, see  Ref. 2),
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mation,  Their investigation shows  that S-
(pentachlorophenyl)cysteine, which  is suggested
to be an  intermediate derived from S-(penta-
chlorophenyl)glutathione,  is metabo]ized  to

pentachlorobenzenethiol, followed by  methyl-

ation  to PCMTB,  Their results  suggest  the
formation ef  methylthio-containing  metabolites

from DCNB  by  M,  1'avanicus vta  the similar

pathway  to that yie]ding PCMTB  from  PCNB
--m
 omons.

  This paper is to present some  lines of  evidence

for the presence of  a  metabelic  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  cxtract  of  M.  1'avanicus, 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 colljugate  (7) from
2 was  unexpectedly  observed  in the  resting

cell  suspension  of  !Vf. j'avan･icus,

       MATERIALS  AND  METHODS

1. GeneraJAfethods
  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,  70eV  ionization potential), or  a  JMS-
D300  combined  with  a  gas chromatograph

(JEOL JGC-20K equipped  with  50/, Silicone

SE-30 on  Uniport HP  or  5%  PEG-20M  on

Celite 545AW'  DMCS  each  in 2mm  i.d.× 1,O

m  glass column,  GC-MS  system,  23 eV  ioniza-

tion potential). Field desorption  mass  spectra

(FD-MS) werc  determined on  a  JEOL JMS-
OISG  2 <12-16mA emitter  currcnt).  UNr, IR

and  iH-NMR  spectra  were  recorded  on  a

Hitacl)i Model EPS-3T,  a  Hitachi Model 285

and  a  JEOL  FX-100,  respectively.  Specific

rotations  were  recorded  on  a  JASCO DIP-4

Digital Po]arimeter. GLC:  Shimadzu  GC-4CM

(]rlD) equipped  with  5 O/. PEG-20M  on  Uniport

Vv' (AVVi) or  5%  Silicone SE-30  on  Uniport
HP/4  mm  i.d. × l.O m  glass column,  was  used

for quantitative or  qualitative analyses,t)

HPLC:  JASCO 10G15}I equipped  with  a  UV

detector and  a  Cosmosil 5Cis, 4.6mm  i.d.×

 15 cm  co!umn.  TLC:  Silica Gel 60 F2s4 pre-
coatcd  glass plates (O.25 mm  thickness) were

used  for analytical  or  preparative TLC,  and

aromatic  compounds  NsTere visualized  under

UV2s4nm light. Solvent systems  ior develop-

ment  or  elution  were:  Solvellt A, CHCIs-

MeOH-AcOH-H20==10:7:1:2;  Solvent B,

n-BuOH-AcOH-H20=12:3:5;  Solvent C,

"'IeOH-benzene-conc.  ammonia  water=:90;  7:

 3; Solvent D, liexane-benzene-ether==1:1:1.

 2. Chemicals

   See our  previous papers,i'2) Glutathione and

 cysteine  conjugates  of  2,4-DCNB  were  pre-

 pared by  the  method  of  Lamoureux  and

 Rusness.O

   S-(b--Chloro-2-nitroPhemp'g)glutathione (2):
 Glutathione conjugate  2 was  prepared from

ce 4e  waM 62 fii 11 H

2,4-DCNB  (1, 1,24 g> and  glutathione (1 g) in
100ml  of  H20-MeOH-acetone  (43:40:17)
containing  2,24g  of  K2COs  with  stirrmg  at

room  temperature  for 9 hr. The  reaction  mix-

ture was  then  adjusted  to pH  7.0 and  washed

with  ether  (× 3). 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

204-205eC, [ct]2.2+280 (c-1, 1N  HCI). FD-

MS  mXfi  (9r'.): 465  (M'+3, 41), 464  (M'+2, 26),
463 <M++1,IOO). IR  vff,kiicm-il  3270, 3060,

1640, 1580, 1500, I420, 1330, 1230, 1120, 860,

820, 780, 750, 670, 550, iH.NMR
 6.D,C,]+D20

(100 MHz)  ppm  : 2.17 (2 H, br. q, J=6,5 Hz,  Hb) ,

2.52 (2 H, t, 1==6.5 Hz, H.), 3.37 (1 H, dd, J=
8.8 and  14.3 Hz, H.), 3,65 (I H, dd, J-6,7
and  14.3 Hz, H,), 3.96 (2 H, s, H.), 4.08 (1 H,
t, 1-6.5 Hz,  H.), 4.72 (1 H, dd,J-6,7  and

8,8 Hz,  Hd), 7.41 (! H, dd, f=2,O and  8.8 Hz,

H,), 7,69 (1 H, d, 1=2,O Hz, H,), 8.20 (1 H,
d, J ==  8,8 Hz, Hj), IJV NIA' 

i.".
 
"Oii

 nm  Ce) : 253

(10,300), 285 sh  (420e), 375 (19eO),
  S-(5Chloro-2-nitroPhen.vl)aysteine (3): 2,4-

DCNB  (1, 1.91g  in 35ml  of  acetone),  L-

cysteine  (1.21 g in 50 ml  of  MeOH)  and  NaOH

(2 g in l5 rnl of  H20)  were  mixed  and  stirred

at  400C  for 2.5 hr, Then  the reaction  mixture

was  neutralized  (pH 7.0), cencentrated  to ea.

50ml  and  washed  with  CHC13  (× 3). The

water  layer was  kept in a  refrigerator  over-

night  to give precipitates, which  were  recrystal-

lized from 50%  EtOH  in pale yellow  needles,

mp  160-1610C.  [,ct]!.,+340 (c=1,INHCI),
FD-MS  mfz  (O/.)] 279 Ol++3, 40), 278 (M++2,
32), 277 (M++1,100), 276 (M+, 47), 203 (34),
 189 (51), 74 (33). IRv:ftEcm-i: 3095, 3000,

2905, 1615, 1590, 1560, 1520, 1450, l4,25, 1395,

 1330, 1290, l265, 1240, 1195, 1150, 1120, 860,

840, 780, 750, 670, 550. iH-NMR
 6B,C,i+D20

 (100 MHz)  ppm:  3,62 <1 H, dd, J=7.2 and  14.9

 Hz, Hb), 3,83 (1 H, dd, 1=4.7 and  14.9 Hz, H,),

4.42 (I H, 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-2.1 Hz, Hd), 8.20 (1 H, d, 1=8.8 Hz,  H,).

 UV  A.gl,i.N. 
KOJi

 nm  (e) : 252 (12,OOO), 287 sh  (`l,300),
 377 (2800),
   5Chloro-2-niltrobenzenethiol (4): The  meth-

 od  of  Battistoni et al.5) was  applied  to prepare

 4. To  2,4-DCNB  (1,2g) in 30 ml  of dimethyl
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sulfoxide  was  added  2.4 g of Na2S･8H20  and

the mixture  was  stirred  at  room  temperature
for 1 hr. The  resulting  deep-red solution  was

poured into 30 ml  of  H20  and  extracted  with

30 ml  of  toluene (× 3). The  aqueous  layer was
then  acidified  to pH  3,0 and  extracted  with  30
ml  of  ether  (× 3). The  combined  ether  ex-

tracts were  concentrated  to dryness and  the
residue  was  crystallized  from benzene-petro-
leum ether  in yello"i needles  (841 mg).  Mp  96-
970C. EI-MS  ,n!x  (9f.): 191 (M'+2, 1), 189

(M+, 3), 174 (5), 172 (34), 127 (I7), 125 (100),
108 (18), 69 (16), 63 (25). IR  v,K.:l cm-i:  3085,

2545, 1590, 1555, 1495, 1450, I130, 1055, 990,
860, 820, 790, 750, 670, 550. iH-NMR

 6,Ci,D,Ci3

(leO MHz)  ppm  : 4.07 (1 H, s, S!!), 7,24 (1 H, dd,

J-2.2 and  8.8 Hz, H,), 7.44 (1 H,  d, f=2,2
Hz,  H.), 8.21 (1 H, d, 1=8.8 Hz, H,). A  minor

product, bis(5-chloro-2-nitrophenyl) disulfide

was  obtained  from the former toluene extract,

  IV-Acet.vl-S-(5-chloro-2-nitrophevayl)aysteine

(7) : According  to the method  of  Zbarsky  and

Young,6) 7 was  prepared  by acetylation  of  3
with  acetic  anhydride  and  NaOH.  Pale  yellow
needles  from  aq, EtOH,  mp  177-1780C, [ct]2.'+
560 (c-O.5, EtOH),  ljt.,7)+63± 30 (c-O,5,
EtOH).  FD-MS  m/z  ("/.): 321 (M'+3,46),
320  (M++･ 2,55), 319 (M+, IOO), 172 (2<L), 85

(55). IR  v::{  cm-i:  3380, S090, 2920, 1725,
l615, 1585, 1500, 1420, 1325, 1290, 1215, 1120,
860, 815, 745, 665, 550. iH.NMR

 6f:,e,vene-a6

(100 MHz)  ppm:  1,93 C3 H,  s, H.), 3.47 <l H, dd,

f-7,1 and  13,8 Hz, H.), 3,78 (l H, dd,J=5.1
and  l3,8 Hz, H,), 4.85 (I H, dd, J=5.1 and

7,1 Hz, Hb), 7.44 (l H, dd,J=l.9  and  8.8 Hz,
Hf), 7,81 (1 H, d, J=1,9 HZ, He), 8.21 (1 H, d,

J== 8.8 Hz, H,). UV  AO.' 
i.N.

 
KO"

 nm  (e) : 253

(I2,700), 285sh  <5200), 375 (3200), lit.,7)

UV  {ZI'i.". 
KO"

 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  et  al.8)

  4-Chloro-2-metdylsMlyii4,l-1-n･itrobenxene (8) :
Yellew plates, mp  130-l31OC.  EI-MS  mlx  (e/,):
221 (JNI++2,25), 219  (M+,93), I43 (50), 127

(45), 114 (44), 110 (33), 76 (100), 75 (64), 63

(45). IRvff,:;cm-t: 3075, 1565, l505, 1440,
1330, l105, 1065, 1025, 955, 905, 855, 825, 745,
670, 540.

  4-Chloro-2-methTx.,lsuijbn},l-1-nitrobenxene (9):

Colorless plates, mp  l20-1210C. EI-MS  mlx

(96): 237 (M++2, 28), 235 (M+, 100), 222 (18),
220 (71), l75 {6), 173 (44), 145 (20), 143 <93).
IR  v::l  cm"':  3085, 1565, 1535, 1455, 1360,
1310, 11tl,5, 1125, 1095, 10tl,5, 955, 885, 860,
840, 795, 750, 740, 665, 550.

  4-Chloro-2-methJ,lsuijiaylbenienamine <10):
Brownish  amorphous  solid,  mp  61-62eC,  EI-
MS  mf2  (%): 191 (M++2, 4), 189 (M÷ , 29), 176
<29), 174 (IOO). IR  v::l  cm-i:3380,  3305, 3185,
1625, 1475, 1400, 1295, 1245, l150, 1120, I055,
1025, 955, 880, 850, 820, 710, 675, 645, 530.

  4-Chloro-2-metdy,lsuijb"ylbenzenamine  (11):
Yellow needles,  mp  115.5-116,50C. EI-MS

m7x  (%): 207 (M++2, 25), 205  (M+, IOO), 14,2

(20), 126 (54), 99 (13), 90 (7). IR  vE2{cm-i:

3470, 3375, 2915, 1625, l475, 1405, 1300, l280,
1145, II25, 1040, 965, 890, 855, 820, 780, 715,
645, 565, 540.

3. Fungus  and  Its Cultivation

  Mucor  1'az,anicus AHU  6010  was  used  in the

present study.  The  fungus  was  cultured  in a

liquid medium  consisting  of  5%  glucese, 1%

peptone and  O.I%  yeast extract  (basal
medium)  at  250C with  shaking  (90 rpm,  100 ml
medium1500-ml  fiask) for a  set  time.

4. Metabolic Emperiments  Using the Growing

    Cells or  the Resting Cells

  Metabogism in the growing  medizam:  Meta-
bolic experiments  using  the growing  cultures

were  carried  out  according  to the procedure
described previously2) with  some  modifications

mentioned  in the text. Quantitative and  quali-
tative analyses  of  volatile  metabolites  were

conclucted  as  shown  in our  previous papers.t,2)
  fi･Ietabolism el}J the resting  cells:  The  fungus

grown  for 4 days in the basal medium  was

harvested by  filtration and  sucked  dry on  a

Buchner  funnel (75-76% moisture).  The  mycc-

lia were  suspended  in a  reaction  medium  con-

sisting  of  67 mM  phosphate buffer (pH 7,O) and

a  substrate.  The  suspension  was  shaken  ior a
    ,set

 tlme.

5, Emperivatents Using the Cell:free S},stem
  A  part of  mycelia  (96g) 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

NII-Electronic  
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resulting  slurry  diluted witli  the buffer solution

(50 ml)  was  centrifuged  at  4000  rpm  for 5 min

(-50C) to give a  supcrnatant,  The  preeipitate
was  resuspencled  in thc buffer solution  (70 ml)
and  centrifuged  similarly,  The  combinecl

supernatants  were  further centrifuged  at  17,OOO

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/rn1)  was  deter-
mined  by the microbiuret  method.9)  Gluta-

thione S-transferase activity  was  determined
by  the method  of  Habig  et al.tO' 2,4-Dinitro-
chlorobenzene  was  used  as  a  standard  substrate

to determine the specific  activity  of  the crude

enzyme  preparatlon.

        RESULTS  AND  DISCUSSION

1. Formation  of a  2,4-DCNB  GIutathzlone

   Conjtagate (2) in the Cell-ifree System of
   Mttcor  1'azi c{nicus

  Glutathione S-transferase (GST, EC  2,5,I,18)

with  wide  substrate-specificity  which  has been

implicated in detoxification of  xenobietics  by

marnmals,  plants and  insectsii]iU) has  been

recently  found in microorganisms  as  well,  such

as  Escherichia coltl.i3) Cztnninghamella eJegansiD

and  Fusar･ittm oxysPorum.'5]

  The  results  of  our  previous studies,  in which

some  of  DCNB  were  found to be  converted

into methvlthio-containing  metabolites  by

fl4ucor j'avanicus and  other  fungi,i,2) suggested

that  GST  might  play  an  initial role  to introduce

a  sulfur  atom  into the  chlorinated  nitrobenzene

substrate,  Although the crude  extract  of  M,

]'avanictt･s showed  GST  aetivity  [Specific ac-

tivity of  the crude  protein precipitated in 800/6

saturation  of  (NH4)2S04 was  calculated  to be

229nmol/min/mg  protein by  the assay  de-

scribed  by  Habig  et al,'"' using  2,4-dinitro-1-
chlorobenzene  as  a  substrate.1,  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  
i`C-2,4-DCNB,i6)

  As  shown  in Table 1 
,
 radioactivfty  of  the sub-

strate  was  partly but sigriificantly  transferrcd
into its watcr-soluble  fraction. A  reaction

product in the water  phase was  isolated from

the large-scaie experiment  (× 40) using  cold

2,4-DCNB  (1) as  the  substrate  and  confirmed

za 4e  ng1in 62 ff 11 n

Tablc  1 Distribution  oi  radioactivity  a[ter  en-

zymatic  conjugation  reaction.

                Radioactivity  (%)
 Cell-free
  cxtract
            Ether  extract  "rater  layer

Intact  86,3  13.7

Boiled  97.8  2.2

A  rcaction  mixture  consisting  of  the  cell-free

extraet  of  M.  )'avanicus (O.5 ml,  protein 14
mg),  GSH  (1.5 mg  in e.5 ml  uf  H20),  

i`C-2,4-

DCNB  (O.5 mg  in O.5 ml  EtOH;  SA  80 mCit

mol)  and  a  phosphate  bufier solution  {3.5 ml,
67 rnM,  pH  7,O) was  incubated  at 250C ior 5

hr  with  gentle shaking.  A  complete  assay

mixture  containing  the boiled cell-free  cx-

tract was  used  as  a  control.  After reaetion,

the mixture  was  acidified  to pH  1,O and

extracted  with  ether  C5 ml × 3). Radieactivi-

ty of  the  cornbined  ether  extracts  and  the

water  Iayer  was  determined  by  a  liquid scin-

tillation spectrometer  using  Scintisol 500.

to be a  corresponding  glutathione conjugate

(2) in the fo]lowing manner.  A  reaction  mixture

(200ml) obtained  similarly  as  described in

Table  1 was  washed  with  ether  (200mlx3)
and  concentrated.  The  concentrate  was  sub-

jected to column  chrornatography･  over  Amber-

lite XAD-4  (3.5 crn  i.d.× 20 cm).  The  charged

column  was  washed  with  800ml  of  H20  and

thc  adsorbed  constituents  were  eluted  with

)･IeOH. The  MeOH  eluate  (1600 ml),  except

for the initial 2eO ml,  was  concentratecl  to give
a  spot  comparable  to that of  authentic  2 on

TLC  plates at  Rl' O.42 and  O.32 respectively

developed in Solvent  A  and  Solvent B. The

spot  on  F2s4 TLC  plates was  visualized  both

under  UV2s4.. Iight (quenching) and  by

spraying  a  ninhy･drin  reagent  (developing a

blue  color).  The  product  well  agreed  with

authentic  2 in liquid chromatographic  proper-
ties (tR 5.20min/4.6 × 150mm  Cosmosil 5CiB

column,  259,b' MeOH  1ml,tmin). The  corre-

sponding  band  on  preparative TLC  (PTLC)
plates developed  in Solvent A  was  eluted  with

Solvent C  and  the concentratecl  eluate  was

diluted with  20 ml  ef  H20  prior to the treat-

ment  with  active  charcoal  (100 mg).  The

collected  charcoal  was  washed  with  200 ml  of

H20,  followed by  elution  with  200ml  of
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Solvent C. The  eluate  was  concentrated  to

drynegs  and  the residue  (2,76 mg)  was  cristal-

lized irom  509,'i EtOH  in pale yellow needles,

mp  205-2e6nC, FD-MS  ml.-  (%): 465  (M'+3,
30), 464 (M"+2,35>, 463  (M'+1,100) and

UVA:t,!.". (nm): 253, 285 sh.  Thus  the  isolate

and  autlientic  2 were  identical in physico-
chcmical  properties,
  The  formation of  2 from  2,4-I)CNB (1) and

GSH  in the cell-free  extract  of  nf. dat:anic･tt･s
was  thus  cenfirmed,  Together with  the result

shown  in Table 1, this fact fully supports  the

view  tbat 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 flfetlp,lthiio-contctinif･tg Me-

   taboiites from a  2,4-DCNB  GItttatht'one

   Conjztgate (2) and  Its Related ComPottnds

  Synthetic substrates,  glutathione  and

cysteine  conjugates  of  2,4-DCNB  (2 and  3> and
5-chlero-2-nitrobenzenethiol (4), which  ceulcl

be intermediates when  2,4-DCNB  metabolizes

to methylthio-containing  products (5 and  6),

were  fed to the growing cultures  of  af, y'avani-
cus,  To  the fungus grown  for 4 days  was

added  each  substrate,  ancl  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-nitre-
benzene (5) and  4-chloro-2-mcthylthiobenzen-

amine  C6) but in quite different quantities.
Such results  indicate that thc metabolic  path-
way  of  1 consists  of  glutathione conjugation

and  subsequent  transformation  into rnethyl-

thio-containing products. However,  if so, 3

sheuld  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) andlor  a  side-path  in the

metabolism  of  3, which  will  bc  discussed later.

S, Further Metabol-ites ofthe 2,4-DCNB  GIttta-

   thione Conjugate (2) t'n  the (;Toiebing Cfeltu･res

   of M.  1'az,anicfts

  The  following experiment  was  conducted  to

detect further metabolites  of  S-(5-chloro-2-
nitrephenyl)glutathione  (2) in the  growing
medium  of  M.  ]'avanic･us. To  a  culture  (100 ml)
of  M.  ]'awanicus grown  for 3 days in the basal
medium  was  added  10 mg  of  a  substrate  (2
dissolved in 975  ps1 of  EtOH+25  pt1 of  1N
HCI), and  cultivation  continued  for another  4

days. Then, to eacl)  culture  fiask was  added

50  ml  ef  acetone,  and  the  mixture  was  filtered,

The  mycelia  were  washed  once  with  20 ml  of

50%  acetone.  The  filtrates and  wasbings  from
six  cultures  were  combined,  adjusted  to  pH
7.0, reduced  to two-thirds the volume  in wacuo

Table  2 Methylthio-containing  metabolites

in the  growing  cultures  of  nfucor 1'avan･icus.from2,4-DCNB

 CI) and  the related  campounds

Substrate
Remaining
substrate

  (ce.･b' )

DCBAa]

  (9,b' )

CMTNBb)

  (9･8)

CMTBAc)

  e･6)

S-(5-dhloro-2-nitrophenyl)glutathione  (2) NDd)  -e) s.7  O.6

S-(5-Chloro-2-nitrophenyl>cysteine  {3} ND  -  4.0 O.3

5-Chloro-2-nitrobcnzenethiol  {4) ND  -  30.9  2,2

2,4-DC)IB (1) 19.7 19.9  7,B O.4

   Each  substrate  (i-(i7ih-)ollioo ml  medium>  was  addEa'  

't6
 cultures  grown  for 3 days  and  the  cultiva-

   tion continued  for anothcr  24 hr. The  products  wcrc  extracted  and  determined as  described  in the

   previous  papers,i,2) Yields  (Oli ) in  daplicates  are  averaged.

   
a)

 2,4-Dicblorobenzellamine (12).
   

b)
 4-Chlero-2-mctbylthio-1-nitrobenzene  (5).

   
C)

 4-Chloro-2-methyltliiobenzenamine (6).
   d)  Notdetermined.

   
")

 No  peak  corresponding  to the metabolite  en  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  5%  NaHCOs
solution  and  brine, dried over  anhydrous

Na2S04  and  cencentrated  to drvness. Four                             J

metabolites  were  found in the residue  by  TLC.
These constituents  were  separated  from each

othcr  on  si]ica  gel PTLC  plates devcloped  in

Solvent D, Each  band  on  the plate at  J<f
O.07, O.27, e.38 or  O.61 was  scraped  off  and

eluted  from  the silica  gel with  benzene.

  A  metabolite  at  I<f O.61 : A  benzene eluate
containing  a  metaboHte  at  iV'O,61 was  analyzed

bv  GLC  and  GC-MS.  The  GLC  tR 4.63 min

(gE-3o column,  17ooc), and  Gc-Ms  mlx  23s
(M', base  peak) and  other  fragments  of the
mctabolite  were  identical to those  of  authentic

4-chlero-2-methylsulfonyl-1-nitrobenzene  (9>,
The  first metabolite  was  thus  confirmed  to be 9.

  A  metabolite  at  Rf O.38: The  second  me-

tabDlite at  I<f O,38 was  isolated from a  benzcne
eluate  in colorless  plates 1.2mg  in a  4,20f',

yield, mp  130-l310C and  MS  mlg  219 (M",
base peak), The  metabolite  was  identified to
be 4-chloro-2-methylsulfinyl-l-nitrobenzene (8)
by  direct comparison  with  authentic  8 in I<f,
tR (4.16 min  on  a  SE-30 column  at  I700C) and

MS.

  A  metabolite  at  IiYrO.27: A  benzene eluate
containing  a  metabolitc  at  I<f O.27 was  con-

centrated  to drvness  and  the  residue  "ras              v

crystallized  ±rom  hexane in pale yellow needles

1.18 mg  in a4,49,'o' yield, mp  115.5-1160C.  The

metabo]ite  was  confirmed  to be 4-chloro-2-
methylsulionylbenzenamine  (11) by  direct com-

parison with  authentic  11 in GLC  (tR 4.33 min

on  a  SE-30 column  at  170eC), TLC  and  MS

(m/g 205; M', base peak).
  A  metabolite  at  Illf O.07: A  metabolite  at

J<f O.07 was  similarly  obtained  in pale brewn

plates (4.8 mg  in 209,6 yi¢ ld), mp  61-620C, MS
m,ig  (%): I89 CM', 32>, 176 (31), 174 (IOO),
J{lf and  tR <3.S5min on  a SE-30 column  at

1700C) and  MS  of  the isolate were  in agreement
with  those of authentic  4-chlero-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  metabolitcs  via  a  glutathione conju-

gate (2) and  further oxidize  them  into sulfoxides

ag 4 -E ngfpt 62 fi 11 fi

(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.  Okazakii') reports  that

pentachloromethylthiobenzene (PCMTB) is
oxidized  to  the corresponding  sulfinyl  and  sulfo-

nyl  derivatives by  F, oaysPorum  f. lycoPersici.
Those oxidized  derivatives were  also  found

in soil  and  plants treated with  PCNB  or

PCMTB.is,ig}

4. Further  Metabolism  of the Glutathione Con-
   y'ugate (2) by the Resting Cells of M.  1'avani-
    cu･s:  A  Survay qf I･Vater-solttbge Metabolites

  Next,  water-seluble  metabolic  intermediates
were  examined  using  the resting  cells  of  M.

iavanicu･s and  the 2,4-DCNB  glutatl]ione
conjugate  (2) as  a  substrate.  The  reaction

conditiens  and  the procedure  for metabolite

isolatien are  $hown  in Fig. 1. Each  metabolitc

band  on  silica  gel I'TLC plates "'as  scraped

off and  eluted  from the gel with  Solvent C.

  A  metabolite  at  IlllC O.73: An  eluate  con-

taining a  metabelite  at  J<f O,73 (Fig, 1) was

concentrated  to dryness, and  the residue  was

crystallized  irom 50%  EtOH  in pale yellow
needles  (2,Ol mg),  mp  160-1610C.  The  isolate

gave  a  spot  at  I<]" O.54 on  TLC  plates developed
in Solvent B  and  reacted  with  ninhvdrin  to                                 v

yield a  blue color,

  In FD-MS  prominent peaks were  at  mlz  277

Cbase peak) and  276 (2291o). Since M"+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  l<f O. 86  : The  second  metab-

olite  at  Rf O.86 (Fig. 1) was  separated  in the
same  manner  as  the first one  and  crystallized

from  309ib' EtOH  in ycllow  needles  (2.84 mg),

mp  177-1780C.  Its FD-MS  base peak  at  m,t4"

319  [277 {M'+1 of  3)+42  mass  units]  fitted
that of  the acetate  of  3 in molecular  weight.

The  direct comparison  of  the isolated metab-

elite  with  authentic  Ar-acetyl-S-(5-chloro-2-
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".
Reaetion  mxture

filtered

            partly  concentrated
Filtrate

    extracted  onae  with

    hexane  and  twice  with

    ether  (2S ml  each)

Orgamclayer
   'Water

1XAD-4
    3

layer

washedSO"/.ac(10ml

llashings

Myeelia

         with

       acetone

         x  2)

     Mycelia

comcentrated  and

acidif ±ed  to  pH  1,O

 eelumn.5
 ern  t.d.  x  20  crn

-Water
 eluate

  (SOO ml)

l.leOH eluate

 (1600 ml)

        lconcentrated
        PTLC
     tn  Solvent  A

   -Metabelite
 Metabolite

at  Rf  O.7]  at  Rf  O,86

Fig. 1 An  isulation proceclurc for the  water-solublc  metabolites  produced  from

glutathione  conjugate  (2) by  thc resting  cclls ef  nfucors'avanictts.

*A  rcaction  mixture  consisting  of  67 mM  phosphate  buffer solution  (pH 7.0, 18 inl)

2,4-DCNB  glutathione  conjugatc  (2) in 2 ml  of  5073  EtOH  and  wet  mycclia  of M

(3 g) was  incubated at  250C lor 25 hr  with  gentle shaking,

2,4-DCNB

, 10 rng  of

. jaL,anictss

 N02

QcL-GC

  CL

  tCF

      bc a
t
 5CH29HCOOH
e  d NH2

Q.y:,,-
of
Jp'f

Q
 St XRCNo

     7<li,igc'd,2Rg,co,g:       -

 NH2

Q,[

O'ii

diZ, 
,,,t

s,,

 CL

     y

ct2bN020

   t

  SCH-,u-
      t

 N02[<)iSH

 2.L

 NH2

asc,,
 
c,-[

 i'
 NH2  O

QgcH,
,c.e.

 t'

di/L',cH3
SL

Fig. 2 A  summarized  scheme  indicating rela-

tions betwecn  substrates  and  nietabolites.

Abbreviations:  GC,  growing  cells;  RC,  resting

cells; CF,  cell-ircc  system,  Metabolites  5, 6 and

12: prcviously  identified. )Tetabolites 2. 3, 7 and

8-11: identified in the present study.
*  Metabolitcs  8-11 were  isolatcd from the grow-

ing cultures  of  M.  j'avanictts administered  the

glutathione  conjugatc  (2), but  the precise routcs
resulttng  in these  rnetabolites  are  not  ¢ lear.
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nitrophenyl ）cysteinc 　（7）　in　physico−chcmical

propcrties（mp ，　 TLC ，　 IR 　 and 　 MS ）revealed

that　they　were 　illdeed　idelltical．　 In　contrast

with 　thc　 cysteine 　 conjugate 　（3），
7sllows　 a

remarkable 　absorpti 〔，n 　band 　at レ膿 1725　cm
− 1

attributable 　to　tllc　acetamide 　carbonyl 　groul），
The 　 second 　 metabolite 　 was 　 thus　 confirmcd 　to

be　mercapturic 　acid 　7．　 Fungal　conversion 　of

the　2 ，
4 −DCNB 　glutathione　conlugate （2）into

ncw 　 mctabolites 　 3　 and 　 7　 was 　 thus　 confirmed ．
Fungal 　formation 　of 　such 　a　mcrcapturic 　acid

（7）has　not 　yet　been　rePorted ，

　Metabolltes　 and 　 metabolic 　 pathways 　 con 一

且rmed 　in　the　preseut　study 　are　summarized 　in
Fig．2．　 Time −course 　cllangcs 　of　these　metabolic
interrnediates　and 　details　about 　the　fungal

met εしbolisnl　 of 　 chlorinated 　 nitrobenzenes 　 will

be　discussed　in　tlle　following　Paper ．正6）
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要 約

　　2．4一ジ ク ロ ロ
ー1一ニ トロ ベ ン ゼ ン の ゲル タ チ オ

　　ン 抱合体 ： 淞 配 cor ノα りα π εc配 s に おける中間代

　　謝物 と しての 検 出お よび その 代謝
＊

　　　　　　　　　　田 原哲士 ，
Zalnuddin　Hafsah

， 水谷純 也

　 A．fuco厂 ノavanicus は 2，4・dichloro・1・nitrobenzene （1）を

4−chloio −2−methylthio ・1・nitrobenzene （5）や 4−chlQro ・2−

methylthio −benzenamine（6）に 変換す る．
．
本菌 の 無細胞

抽 出液中 で ，グ ル タ チ オ ン と 1 か ら抱合体 S−（5・chlor 。
−

2・nitrophenyl ）glutathione（2）の 生成 が 確認 され た ．2 や

対 応す る シ ス テ イ ン 抱合体 （3），
5・chloro ・2−nitrobenzene −

thiol （4）か ら メ チ ル チ ．オ置換代 謝産物 （5，6）の 生成 が

明 ら か に され ，2 を こ の 菌の 増殖培地 に 添加 す る と ，さ

らに 5，6 の ス ル ポ キ シ ドや ス ル ポ ソ 誘導体 が 検出 さ れ

た ，ま た 休止菌を用い て 2 を代謝さ せ る と ， 水溶性成分

と し て 3 お よ び 3 の N 一
ア セ チ ル 化物 （7＞が 見い だ さ れ

た ．こ れ ら の 事実よ り， 1 か ら 5， 6 やそ の 酸化物 の 生成

に ，1 の グ ル タ チ オ ン 抱合 体 が 代 謝 中間 体 と して 係 わ っ

て い る と
’
罔断 した．

＊
塩 素化 ニ トμ ベ ソ ゼ ソ 類 の 微 生 物 代謝 （第 3 報）
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