
2270 Short communications 

3 N Suttorp and L M Simon J (hn lnve~t 70 342 
(1982) 

4 B Chance H Sle~ and A Bovcrls Phvslol Rev 59, 
527 (1979) 

q It Fischer and T Abroad I Lab chn Med 89, 1080 
(19771 

(~ 12 Margoh,ish and A Novogrodsk}. Btochem J 68, 
468 (lt)58) 

7 ( F Moldoa and H S Jacob Melh Enzvmol 105, 
v78 (1984) 

8 () tt Lour~ N J Rosebrough, A L Far rand  R J 
RandalI, J biol ( h e m  193, 265 (1951) 

9 D E Pallia and W N Valentine. J Lab dm Med 
70 158 (1967) 

111 1 ( a r l b e r g a n d F I  M a n n e l \ l k  I bl(d (hem 25(I "~47":, 
(1975) 

ll R F Beersand  I W Sl/ct I bud (hem 195 1~  
(1952) 

12 W 1 MacKcchan \'~ (} l l a m i l t o n  and P. (, l l d m  
Pro~ natn A(ad '~l I,' $ . t  7.t 2(i2:,(1976) 

13 I" ( ohon  "~latism s in 3h,d i ( im,  1 I t t lc t 'ho\~ll dl ld 
( o  lilt. Boston (1974l 

14 J M Har lan  I D [c \ l laC Ik % (<lllah<ua <md l ,,\ 
H a r k e r .  I t i m  lni,e~t 7.t 706 (19S4) 

I 5 L F lohc .  ( #ha bo imda tum S~ m p o s m . i  :is I nu'~ SOl i ts)  
p 95 Excerpta Mcd ica  l \ i r lMcrddn l  (lc779) 

16 D P Jones 1_ Ek lm~ I I  l h < ) r a n d S  ( ) r ren iu~ U</l~ 
Bu)chem Buqfll\~ 21l) "q()':, (1981) 

B¢vJuml~al I'ha~ma~,,lot,; x, ol ~> No 1] pp 227(} 2272 ICigfn 
Pr l l l t vd  In Q i l kd l  BIIi<IIII IQ rLdT I , , ~  , [ ' ~11 [ I  I I ~  [ , t  I 

A novel pathway for formation of thiol-containing metabolites from c3steine 
conjugates 
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During the past decade the formation of methylth]o-con- 
raining metabohtes has been reported for numerous xeno- 
blotics including drugs, herbicides, and other organic com- 
pounds (rcxie~ed by Tateishi [1,21 and Stfllwell [3]) From 
the extensixe studies in our laboratories [4-7] and others 
[8 9], ~arious types el  methylthio-contammg metabohtes 
~ere  shown to be generated from the corresponding cys- 
telne conjugates %ld thloN (Scheme l) 

The liver was excised h e m  male Spraguc D,a~lcx rats (8 
x\eeks old) and homogenized in 2 \el  oI icc-chilled 5(1 nlM 
of potassium phosphatc huller ( p i t 7  4) The u\tosol 
(105,000 g supernatant) and tn l~ro~omal h act tot> ~ crc 
obtained b) published methods 151 1 he tollov~ing/n im(; 
experiments \sere carried out \kith thc%c cn/~ille 
preparations 
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Thus the C - - S  bond of cysteme conjugates is firstly 
c lca \ed b~ the action of C- -S  lyases (which are found 
in mammalian hver, kidney and some kinds of intestinal 
mlcroorgamsms) to give tiaiols together with eqmmolar 
amounts of p~ru~lc acid and ammonia [5,71 The thlols 
thus forined are subsequently methylated by S-methyl- 
transferases [5 10 i 

In addition to this pathway of formation of thiols we 
ha~ e no~ found that thlols may be generated from cysteme 
conlugates via an alternative pathway (Scheme 2) in which 
the intermediate formation of thlopyruvic acid conjugates 
is most hkel\, to be involved 

tion mix tu re  contained Ill a to ta l  xo lumc  o] l) 5 ml '~-[p- 
bromophenyl)-i  -cvstemc (0 5 lnno lc )  (I 3 ml tit potassium 
phosphate buller (5,umolc pH 7 4) and l) 2 ml el the 
enz)me preparation (8 nag protein) 1 hc mlxttnc ~,ls ira.u- 
bated at 37 ° for 30 min and the leat-tion terminated bx an 
a d d l t i o n o l 0 5 m l o l a c e t o n l t r f l c a l ( V  Altcrcentrllugat~on 
a po r t i on  el the supe lna tan t  \\<is apphed to all h p I c 
co lumn ( Y M C  A-312  ( ) [ ' )~  h ~ 15l) mm Ydnl im~tn, l  
Chemica l ,  Osaka.  Japan)  and the colunln e luted ~ i t h  <i 
solvent system el mcthanol, 'watcr'acctlc acid (5 4 1 b\ 
• +el ) at a f low rate el 1 5 lla[Inaln p - B l o m o p h e n x l - 1 - t h l o -  
pyru\lc acid \'vhlch emerged <is a single "dl<lrp peak <it 

NH, 
I 

R - - S - - C H ~ - - C H - - C O O H  ------, R - - S - - C H : - - (  O- -C( ) ( ) t  t - - - ~  P,- %1 t 

Scheme 2 

In the present commumcatlon we wil l  describe the evi- 
dence tot this novel pathway 

,'vlaterials and methods 

Materials S-(p-Bromophenyl)-i-cysteine and p-bromo- 
phcnyl-3-thiopyruvlc acid were synthesized by the method 
described in our previous report [71 p-Bromobenzcnethlol 
x~<ls purchased trom Aldrich (U S A ) All other reagents 
used in thc present stud) were ot analytical special grade 
and commerculllv avadahlc 

5 6mmunderthesccondltlons v,a',quantUatt'~clx ,mahzed 
by monitoring the ux ab~orbaucc at 254 nm 

( '~S  ch.avage of p-b~o.iophenl I- ~-l/uop~ ~ l~l,l( ,~ ul 1 hc 
react ion m ix tu re  conta ined ul d hndl ~olume ol 0 2 m[ P- 
bromophenv l -Z t - th iopv ruv lc  acid (0 2 . m o l e )  <~s a substratc 
d l t h l o th le l t o [  ( l  umo lc )  i~OldxSUnn pho,,l~halc bu] lc l  
( 10 / imo le  pH  7 4) di ld O 04 ml OI lhc c i l / \ m c  p lcpd l  at lon 
<Pile react ion m ix tu re  ,~,<ik i l lCtlbatod ,lI ]7' [ O l [  i l l  tn ldcl  
anaerob ic  COlldltlOnS I he ni t - t lbai lon x.~ <is tcr lYl lnd[cd b\  an 
ad th t ion  ot (i 2 Inl el <u_eionllrile c lmta ln l l l  7 [>l]uorobt_'n- 
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zenethlo[ as an internal s tandard (60 yg) at 0 ° The amount  
o fp -bromobenzene th lo l  in the solution was determined by 
h p I c (uBondapak  Cta, Waters)  with a solvent system 
of methanol /water /ace t ic  acid (65 35.1 ,  by vol ) by the 
method described in our  previous report  [11] 

Idenuficatton ofmetabohtes To obtain enough amount  of 
each metabohte  for a mass  spectral analysis, the incubataons 
were performed on a 10-times larger scale for the two 
substrates with the cytosol fraction as enzyme source 

The thlopyruvlc acid conjugate generated was partially 
purified by the usual  method  for a selective extraction of 
carboxyllc acids (1 e extraction with organic solvent and 
subsequent  back-extraction with saturated aqueous  solu- 
tion of sodium bicarbonate) The extracted conjugate was 
lur ther  purified with the h p 1 c by the method  described 
above After  methylat lon with d lazomethane,  the den-  
vatlzed thlopyruvlc acid conjugate was analyzed with a 
GC-mass  spectrometer  as described below 

The thlophenol  formed in the reaction mixture was 
isolated, methyla ted  to p-bromothloanlsole  with dmzo- 
methane ,  and subjected to GC-mass  analysis according to 
the procedure described by TOmlsawa et al [7] 

GC-Mas; ana@st~ The mass spectra were obtained with 
a JEOL JMS DX-300 mass spectrometer  coupled to a JE OL  
GCG-05 gas chromatograph  

For the thlopyru,~lC acid the gas chromatograph was 
equipped with a glass column (1 m x 5 ram) packed with 
5% OV-17 (Gas-chrom Q, 80/100 mesh)  The oven tem- 
perature was p rogrammed  to rise to 250 ° at a rate of 
30°/rain from an initial setting at 160 ° The temperatures  
of the lnlectlon port and chamber  heater  were 200 ° Hel ium 
was used as carrier gas at a flow rate of 40 ml /mIn The 
ionizing energy was 30eV Under  these conditions the 
methylated thlopyruvlc acid appeared at 7 2 mln 

The conditions tor the mass  spectral analysis of  p-  
bromothloanlsole  were described in our previous report  
[7] 

Result~ and d~scusston 

ldentl[watton oj metabohtes p-Bromophenyl-3- thlo-  
pyru~lc acid was methyla ted  with dlazomethane at two 
positions, l e the keto and carboxyl moiety,  to yield methyl 
2-methoxy-3-S-(p-bromophenyl) th lopropenate  Thus ,  the 
mass  spect rum of this derivative gave a molecular  ion at 
m/z  302 (C~HHSO~Br. relative intensity 36%) with an 
isotope peak at m/z  304 The major  fragment  peaks 
appeared at m/z 188 (Br- -C6H4--SH,  47%, isotope peak 
190), m/z  187 (Br - -G ,  H4--S.  19%, isotope peak 189), and 
m/z  108 (C~H4S. base peak) The mass  spect rum of the 
methyla ted  metabohte  was similar to that of the authentic  
compound  

The mass spec t rum of the methyla ted  derivative of thio- 
phenol was identical with that of  the synthesized sample 
molecular ion at m/z  202 (C6H~SBr, base peak) with its 
isotope peak at m/z  204. m/z  187 ( M ' - C H  3, relative 
intensity 20%, isotope peak,  189), m/z  169 (M- - SH, 7%, 
isotope peak.  171), m/z  156 ( M * - S C H 2 ,  7%, isotope 
peak,  m/e  158), m/z  123 (M- - B r .  10%), and m/z  108 
(M" Br - CH~. 8c~) 

ActtlJt 0 oJ deammatton The mlcrosomal  fraction of the 
liver xlrtually lacked deamlnat lon activity, while the freshly 
prepared cytosol fraction showed a high deamlnat lon 
activity towards p-bromophenyl-L-cystelne,  thus. the 
amount  ot p-bromophenyl-3- thlopyruvlc  acid formed from 
the cystelne conjugate ~as  about 80 pmo l e / mg  prote in/ ram 
under  the condltJons described above The incubation with 
heat denatured  eytosol (95 °, 5 mln) run s imultaneously did 
not gl,~e the thlopyruvlc acid conjugate in any detectable 
amount  The renal cytosol likewise deamlnated  the cysteine 
conjugate al though the rate was somewhat  lower (about 
1/3) than that in the liver (data not shown) 

In vu~o tormatlon of a thlopyruvlc acid conjugate or tts 
decarboxylated metabohtc  0 e thloacetlc acid conjugate)  

probably via deamlnat lon of corresponding cystelne con- 
jugates has been reported for several xenoblotlcs [12, 131 
However ,  there have been no reports concerning the m 
vitro deammat lon  of cystelne conjugates The present  
results suggest that by the action of enzyme(s)  in the h,,er 
and kidney, cystelne conjugates  are easily converted to 
thlopyruvic acid conjugates  

In our prel iminary experiment ,  liver cytosol of guinea 
pigs was found to possess three t imes higher deamlnatlon 
activity towards S-(p-bromophenyl)-L-cysteme than rats 
(data not  shown) The finding is compatible with the obser- 
vation that cystelne conjugates are not excreted as me~- 
capturlc acids but  undergo other metabolic pathway(s) in 
guinea pigs [12, 13] 

Acuvtty of  C--S bond cleavage Under  the present incu- 
bation conditions,  the cytoso[ fraction showed enzyme 
activity to cleave the C- -S  bond of S-(p-bromophenyl)-3- 
thlopyruvic acid, but the activity was not detected m the 
microsomal fraction nor the heat denatured c}tosol 
fraction The formation rate was about 30-5(Inmole mg 
pro te ln /min  of the rat liver Since the incubation ~as  per- 
formed under  anaerobic conditions, the C- -S  bond was 
unlikely to be cleaved via oxidation of C-3 carbon atom o1 
thiopyruvlc acid moiety 

Rat liver fl-lyase, which was obtained by our precious 
method  [5], did not cleave the C- -S  bond of S-(p-bromo- 
phenyl)-3-thlopyruvlc acid under  the same incubation con- 
dltlOnS described in our  previous report [5] Together  with 
the finding that the simple deamlnat lon ot the cystelne 
conjugate was not catalyzed by fl-lyase, this result indicates 
that the actwlty observed In the present  study is most llkelx 
to be ascribed to different enzymes 

The present  results strongly indicate that thlol-contalmng 
metabohtes  are produced from cystelne conjugates not only 
by the ol, f l-ehmlnatlon reaction (Scheme 1) but also by the 
two-step reaction shown in Scheme 2 The no,,el pathwa~ 
of thlol formation in the present  study is of great significance 
from the viewpoints of  the metabol ism of cystelne con- 
jugates as well as the production tn vlvo of cMotoxlc thlols 
[14-16] 

Purification and characterization of these enzymes are in 
progress in our  laboratory 

In summary ,  S-(p-bromophenyl)-L-c3stelne was con- 
verted to the p-bromobenzeneth lo l  via a tv,'o-stcp reaction 
by the action of enzymes in the rat hver c~tosol (105.000 
g supernatant ) ,  thus, the cystelne conjugate ~as  deam- 
mated  to give p-bromophenyl-3- thlopyruvlc acid w hlch sub- 
sequently cleaved at the C - - S  hnkage giving the thlol This 
IS a novel and alternative pathv~ay to generate thlols from 
corresponding cystelne conjugates 
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