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A novel pathway for formation of thiol-containing metabolites from cysteine
conjugates

(Recetved 25 October 1985, accepted 31 Januury 1936)

During the past decade the formation of methylthio-con-
taiming metabolites has been reported for numerous xeno-
biotics including drugs. herticides. and other organic com-
pounds (reviewed by Tateshs [1, 2] and Stillwell [3]) From
the extensive studies 1 our laboratortes [4-7] and others
[8 9]. various types ot methylthio-containing metabolites
were shown to be generated from the corresponding cys-
teine conjugates via thiols (Scheme 1)

NH,

The hver was excised trom male Sprague—Dawley rats (8
weeks old) and homogenized in 2vol ot wce-chilled 50 mM
of potassium phosphate butter (pH 7 4)  The ovtosol
(105,000 g supernatant) and microsomal fractions were
obtained by published methods [S] The tollowimg m cino
experiments  were  carried  out with cnzvme
preparations

Deammation of S-tp-bromaophenvli-t -cvsteme The reac-

these

I
R—S$—CH,—CH-—~COOH

NH, + CH,COCOOH

R—SH T» R—SC H.

CH

Scheme |

Thus the C—>5 bond of cysteine conjugates 1s firstly
cleaved by the action of C—S lyases (which are found
in mammalian liver, kidney and some kinds of intestinal
microorganisms) to give thiols together with equimolar
amounts of pyruvic acid and ammoma [5,7] The thiols
thus formed are subsequently methylated by S-methyl-
transferases [5 10]

In addition to this pathway of formation of thiols we
have now found that thiols may be generated from cysteine
conjugates via an alternative pathway (Scheme 2) in which
the intermediate formation of thiopyruvic acid conjugates
1s most likely to be mvolved

NH,

non muxture contamed n a total volume of O 3ml S-(p-
bromophenyl}- -cysteine (0 5 umole) 0 3 ml ol potassium
phosphate butter (Sumole pH7 4 and 02ml of the
enzyme preparation (8 mg protein) The misture was meu-
bated at 37° tor 30 min and the reaction termunated by an
addition ot 0 5 ml ot acetonitrile at 07 Atter centrifugation
a portion of the supernatant was apphed to an hplc
column (YMC A-312 ODS 6> 150 mm  Yamamuia
Chemical, Osaka. Japan) and the column cluted wath a
solvent system of methanol water acetic actd (3 4 1 by
vol ) at a flow rate ot | Sml/min p-Bromophenvi-3-thio-
pyruvie acid  which emerged as a wingle sharp peak at

|
R—$—CH;—CH—COOH —— R—5—CH.——(CO—COOH —— R--SH

Scheme 2

In the present communication we will describe the evi-
dence tor this novel pathway

Materials and methods

Matertals  S-(p-Bromophenyl)-1 -cysteine and p-bromo-
phenyl-3-thiopyruvic aaid were synthesized by the method
described i our previous report (7] p-Bromobenzenethiol
wds purchased from Aldrich (U S A ) All other reagents
used 1n the present study were of analytical special grade
and commercially avarlable

5 6 min under these conditions was quanutatisely analyzed
by monitoring the uv absorbance at 254 nm

=5 cleavage of p-bromaophemyi-3-thuopvivetc aad  The
reaction minture contained 1 g tinal volume ot O 2ml p-
bromophenvi-3-thiopvruvic acid (0 2 imole) as a substrate
dithiothiertol (1 amole)  potassium phosphate  butler
(10 gmole pH 7 4) and 0 04 ml ot the enzvme prepatation
The reaction mixture was meubated at 37" for | hr under
anacrobic conditions The incubation was terminated by an
addinon of 0 2ml ot acetomtrile contaming p-fluoroben-
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zenethiol as an internal standard (60 ug) at 0° The amount
of p-bromobenzenethiol in the solution was determined by
hplc (uBondapak Cy, Waters) with a solvent system
of methanol/water/acetic acid (65 35.1, by vol ) by the
method described 1n our previous report [11]
ldenufication of metabolites To obtain enough amount of
each metabolite for a mass spectral analysis, the incubations
were performed on a 10-times larger scale for the two
substrates with the cytosol fraction as enzyme source

The thiopyruvic acid conjugate generated was partially
purified by the usual method for a selective extraction of
carboxylic acids (1 e extraction with organic solvent and
subsequent back-extraction with saturated aqueous solu-
tion of sodium bicarbonate) The extracted conjugate was
turther purified with the h p 1 ¢ by the method described
above After methylation with diazomethane, the deri-
vatized thiopyruvic acid conjugate was analyzed with a
GC-mass spectrometer as described below

The thiophenol formed in the reaction mixture was
1solated. methylated to p-bromothioanmisole with diazo-
methane. and subjected to GC-mass analysis according to
the procedure described by Tomisawa ef al [7]

GC-Mass analysis The mass spectra were obtained with
aJEOL JMS DX-300 mass spectrometer coupled to a JEOL
GCG-05 gas chromatograph

For the thiopyruvic acid the gas chromatograph was
equipped with a glass column (1 m X S mm) packed with
5% OV-17 (Gas-chrom Q, 80/100 mesh) The oven tem-
perature was programmed to rise to 250° at a rate of
30°/min from an 1tial setting at 160° The temperatures
of the injection port and chamber heater were 200° Helium
was used as carrier gas at a flow rate of 40 ml/min The
lomzing energy was 30eV Under these conditions the
methylated thiopyruvic acid appeared at 7 2 min

The conditions tor the mass spectral analysis of p-
bromothioanisole were described 1n our previous report
(7]

Results and discussion

Identification of metabolites  p-Bromophenyl-3-thto-
pyruvic acid was methylated with diazomethane at two
positions, 1 e the keto and carboxyl moiety, to yield methyl
2-methoxy-3-S-(p-bromophenyl)thiopropenate Thus, the
mass spectrum of thrs derivative gave a molecular ion at
m/z 302 (C,H, SO:Br. relatve intensity 36%) with an
1sotope peak at m/z 304 The major fragment peaks
appeared at m/z 188 (Br—CH,—SH, 47%, 1sotope peak
190), m/z 187 (Br—C,H,—S. 19%, 1sotope peak 189), and
m/z 108 (C,H,S. base peak) The mass spectrum of the
methvlated metabolite was sumilar to that of the authentic
compound

The mass spectrum of the methylated denivative of thio-
phenol was identical with that of the synthesized sample
molecular 1on at m/z 202 (C4HsSBr, base peak) with 1ts
1sotope pedk at m/z 204, m/z 187 (M™ — CH,, relauve
intensity 20% . isotope peak, 189), m/z 169 (M~ — SH, 7%,
1sotope peak. 171). m/z 156 (M* — SCH,, 7%, 1sotope
peak, m/e 158), m/z 123 (M~ ~ Br. 10%), and m/z 108
(M™ — Br — CHs. 8%%)

Acuoury of deanunanon The microsomal fraction of the
hiver virtually lacked deamination activity, while the freshly
prepared cytosol fraction showed a high deamunation
activity towards p-bromophenyl-L-cysteine, thus. the
amount of p-bromophenyl-3-thiopyruvic acid formed from
the cystemne conjugate was about 80 pmole/mg protewn/min
under the conditions described above The incubation with
heat denatured cytosol (95°, 5 min) run simultaneously did
not give the thiopyruvic acid conjugate 1n any detectable
amount The renal cytosol ikewise deaminated the cysteine
conjugate dalthough the rate was somewhat lower (about
1/3) than that 1n the hver (data not shown)

In vivo tormation of a thiopyruvic acid conjugate or its
decarboxylated metabohte (1 e thioacetic acid conjugate)
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probably via deamination of corresponding cysteine con-
jugates has been reported for several xenobiotics {12, 13]
However, there have been no reports concermng the
vuiro deammation of cysteine conjugates The present
results suggest that by the action of enzyme(s) in the hver
and kidney, cysteine conjugates are easily converted to
thiopyruvic acid conjugates

In our prehminary experiment, liver cytosol of guinea
pigs was found to possess three times higher deamination
activity towards S-(p-bromophenyl)-L-cysteme than rats
(data not shown) The finding 1s compatible with the obser-
vation that cystemne conjugates are not excreted as mer-
capturic acids but undergo other metabolic pathway(s) 1n
guinea pigs [12, 13]

Acnvity of C—S bond cleavage Under the present incu-
bation conditions, the cytosol fraction showed enzyme
activity to cleave the C—S bond of S-(p-bromophenyl)-3-
thiopyruvic acid, but the activity was not detected mn the
microsomal fraction nor the heat denatured cytosol
fracton The formation rate was about 30-50 nmole mg
protein/min of the rat iver Since the incubation was per-
formed under anaerobic conditrons. the C—S bond was
unlikely to be cleaved via oxidation of C-3 carbon atom of
thiopyruvic acid molety

Rat lhiver B-lyase, which was obtained by our previous
method (5], did not cleave the C—S bond of S-(p-bromo-
phenyl)-3-thtopyruvic acid under the same incubation con-
ditions described m our previous report [5] Together with
the finding that the simple deamination ot the cystetne
conjugate was not catalyzed by B-lyase. this result indicates
that the activity observed in the present study 1s most ltkely
to be ascribed to different enzymes

The present results strongly indicate that thiol-containing
metabolites are produced from cysteine conjugates not only
by the a, S-ehimination reaction (Scheme 1) but also by the
two-step reaction shown 1n Scheme 2 The novel pathway
of thiol formation 1n the present study 1s of great significance
from the viewpomnts of the metabolism of cysteine con-
jugates as well as the production 1n vive of cytotoxic thiols
[14-16]

Purification and characterization of these enzymes are 1n
progress 1n our laboratory

In summary, S-(p-bromophenyl)-L-cvsteine was con-
verted to the p-bromobenzenethiol via a two-step reaction
by the action of enzymes 1n the rat hver cyvtosol (105,000
g supernatant), thus, the cysteine conjugate was deam-
mated to grve p-bromophenyl-3-thiopyruvic acid which sub-
sequently cleaved at the C—S linkage giving the thiol This
1s a novel and alternanive pathway to generate thiols trom
corresponding cysteine conjugates
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