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Boonyarat et al [ 11 previously reported a sensltwe assay for the non-speclhc 
N-methyltransferase actlvlty [2] m rat tissues by high-performance hquld 
chromatography with electrochemical detection (HPLC-ED). The prmciple 
of the assay was based on the HPLC-ED of N-methyldopamme formed from 
dopamme Non-specific N-methyltransferase catalyses the formation of N- 
methylammes from various aromatx ammes and is dlstrlbuted m many tissues 
mcludmg the lung [2] _ One of the present authors (D S ) found that although 
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the product had an identical retention time to that of N-methyldopamme 
under previously reported HPLC conditions [l] , it was different from and 
separated from N-methyldopamme, and that another unknown product was 
also detected by HPLC-ED. 

Later experiments proved that the product was formed even m the absence 
of exogenous S-adenosylmethionme, and that the reaction was dependent on 
the presence of oxygen. 

In the present paper, we report that the product previously identified as 
N-methyldopamme is 5-S-cystemyldopamme and that 2-S-cystemyldopamme 
and 5-S-glutathronyldopamme are also formed from dopamine m the reaction 
mixture contammg dopamme and rat tissues. 

EXPERIMENTAL 

Chemicals 
Pargyline , dopamme, N-methyldopamme, 3,4-dlhydroxybenzylamme 

(DHBA), L-cysteme and mushroom tyrosmase (EC 1.14 18.1,2000 U/mg) were 
purchased from Sigma (St Louis, MO, U S.A ) All other chemicals were of 
analytical grade and obtamed from Wako (Osaka, Japan) 

Preparutlon of cystemyldopamrnes 
The method of Ito and Prota [3] for the preparation of cystemyldopas 

was adapted with minor modifications. A solution of 0 5 mmol of dopamme - 
WC1 and 1 mmol of L-cysteme m 50 ml of water was adjusted to pH 6.8 by 
adding crystals of disodmm hydrogen phosphate After the addition of 25 mg 
of mushroom tyrosmase, the mixture was stirred at room temperature (24°C) 
The course of the oxidation was monitored every 30 mm by HPLC under the 
conditions described below After 3 h, when dopamme was completely 
consumed, the oxidation was stopped by addmg 5 ml of 6 M hydrochlorrc acid 
The reaction mixture was passed through a column (8 X 2 0 cm I D.) of Dowex 
50W-X2-H+ (200-400 mesh, equrhbrated with water) After washing with 100 
ml of 0 5 M hydrochloric acid, the products were eluted with 3 M hydrochloric 
acid, and 50-ml fractions were collected and monitored by HPLC Fractions 
l-7, which contained the cystemyldopammes, were combined and evaporated 
to dryness m a rotary evaporator. The residue, taken up m 2 M hydrochloric 
acid, was rechromatographed on a column (23 X 2 0 cm I.D.) of Dowex 
50W-X2-H+ (200-400 mesh, equihbrated with 2 M hydrochloric acid) and 20- 
ml fractions were collected and monitored by UV spectrophotometry 
Fractrons 44-52, 53-64, 65-94 and 112-144 contained 6-S-, 2-S-, 5-S 
cystemyldopannne and 2,5-S,S’-dicystemyldopamme, respectively Assuming 
that they have molar extmction coefficients identical to those of the 
correspondmg cystemyldopas [4], their yields were 1.2, 7 9, 79 and 3 8%, 
respectively Evaporation of fractions 54-63 and 66-92 gave 2-S and 5-S- 
cystemyldopamme l 2HCl as a pale-green powder They were further purrfled 
by passing separately through a column (5 X 2.0 cm ID ) of Dowex 5OW- 
X2-H’ (200-400 mesh, equilibrated with 3 M hydrochloric acid) and elutmg 
with 3 M hydrochloric acid (20 ml per fractron) Evaporation of fractions con- 
taming the desired product (frations 6- 9 for the 2-S isomer and fractions 7- 12 
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for the 5-S isomer) gave 16 3 mg (7.6% yield) of 2-S-cystemyldopamme l 2HCl 
and 137 mg (72% yield) of 5-S-cystemyldopamme l 2HCl as a colourless 
powder. They were practically pure, as Judged by HPLC and UV spectro- 
photometry. 

Preparation of glutathlonyldopamanes 
A solution of 0 05 mmol of dopamme l HCl and 0 1 mmol of glutathlone in 

5 ml of water was adjusted to pH 6.8 by addmg crystals of dlsodlum hydrogen 
phosphate. After the addltlon of 2 5 mg of mushroom tyrosmase, the mixture 
was stirred at room temperature After 2 h, the oxldatlon was stopped by 
addmg 0 5 ml of 6 M hydrochloric acid. The major product appearmg at 4 2 
mm under the followmg HPLC condltlons was assumed to be 5-S-glutathlonyl- 
dopamme, m analogy with the tyrosmase oxldatlon of dopamme with 
glutathione [ 53 

Chromatography 
A Yanaco Model L-5000 liquid chromatograph (Yanaglmoto, Kyoto, Japan) 

was used with a Yanaco Model VMD-101A electrochemical detector. The 
detector was set at +600 mV vs an Ag/AgCl reference electrode and sensitivity 
was 4 nA f s Separattlon was achieved on a C1s reversed-phase column (Yanaco 
ODS-T, particle size 10 pm, 250 X 4 mm I D ) at 50°C The mobile phase was 
acetonltrlle-0.1 M sodium citrate buffer, pH 5.0, containing 6 mmol/l sodium 
octanesulphonate and 1 mmol/l Na,EDTA (60:940). The flow-rate was 1.0 
ml/mm. Under these chromatographlc condltlons, retention times were 5-S- 
glutathlonyldopamme, 4 2 mm, 2-S-cystemyldopamme, 6.5 mm, DHBA, 
8 6 mm, 5-S-cystemyldopamme, 10 9 mm; dopamme, 12.7 mm, N-methyl- 
dopamme, 15 8 mm 

Sample prepara tlon 
Rates were decapitated, and tissues were removed nnmedlately and homoge- 

nized m 5 vols of 0 25 M sucrose m a glass homogemzer 

Procedure 
A typlcal mcubatlon mixture for dopamme consisted of the followmg 

components m a total volume of 250 ~1 (final concentrations m parentheses) 
in a microcentrlfuge tube (1 5 ml volume) 10 ~1 of 0 01 M pargylme (0 4 mM), 
50 ~1 of 0.5 M tis-hydrochloric acid buffer (pH 7 25, 0 1 M), 10 ~1 of 0 45 
mM dopamme (18 pil4), 50 ~1 of tissue homogenate (8 mg tissue) and water 
Although S-adenosylmethlonme stunulated the reaction, it was omitted from 
the incubation mixture, smce enough products from dopamme were produced 
in the absence of S-adensylmethlonme The bolled homogenate was a lung 
homogenate heated m a botimg-water bath for 5 mm In the expenments 
designated as O2 exclusion, a~ was replaced with argon. In the experiments 
designated as + cysteme, 10 ~1 of 0 9 mM L-cysteme (36 I.I~M) were added. 

After incubation for 60 mm at 37”C, the reactlon was stopped by addmg 
100 ~1 of 1.4 M perchlorlc acid, and to this were added 10 ~1 of 2 .uM DHBA 
(20 pmol) as an internal standard The mixture was left for 10 mm m an ice- 
bath and centllfuged (10 000 g for 2 mm) A 300~~1 ahquot of the supernatant 
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was transferred to a mlcrocentrrfuge tube (1.5 ml volume) contarnmg 50 mg 
of acid-washed alumma and 100 ~1 of 2% (w/v) sodium metabrsulphrte. 
Catechols were then adsorbed onto alumma by addmg 1.0 ml of 1.5 M Trrs- 
hydrochlorrc acrd buffer contammg 2% (w/v) Na,EDTA (pH 8 8) and by 
lmmedlately shaking for 5 mm on a JASCO MT-30 multi-tube mixer (Tokyo, 
Japan). After centnfugatlon, alumma was washed twrce with ca. 1.5 ml of 
water. Catechols were then eluted wrth 200 ~1 of 0.4 M perchlorrc acid by 
shaking for 2 mm After centrrfugatlon, 100 ~1 of the supematant were 
qected into the HPLC system. For the standard, the tissue homogenate was 
replaced wrth water, and 100 ~1 of 1 4 M perchlonc acid, 10 11 of each 2 MM 
5-S- and 2-S-cystemyldopamme (20 pmol each) and 10 ~1 of 2 DM DHBA (20 
pmol) were lmmedlately added without mcubatron 

RESULTS 

Fig 1A shows a typical chromatogram of the dopamme mcubatron wrth rat 
lung homogenate.When compared with a chromatogram of the mu&n-e without 
mcubatron (Fig. lB), two unknown peaks, UN1 and UN2, were observed. 
These compounds were assumed to be 2-S- and 5-S-cystemyldopamme on 
the followmg basis they were shown to be oxldatlon products of dopamme, 
and then relatrve ratios of productron and relatrve posltlon m the chromato- 
gram resembled those of 2-S- and 5-S-cystemyldopa [3, 61 This assump- 
tion was confumed by drrect comparrson of then- retention tnnes with those of 

1 1 I I I I I I 

0 5 10 15 0 5 10 15 

Retentmn tume( mln) 

F*g 1 TypIcal chromatogram of an mcubatlon mixture of dopamme W&I the homogenate 
of rat lung The mcubatlon mixture consisted of 0 4 mM pargylme, 18 PM dopamme, 
0 1 M Trls-hydrochlonc acid buffer (pH 7 25) and 50 ~11 of lung homogenate (8 mg tissue) 
m a 250~ctl volume (A) Expenmental mcubatlon wth homogenate for 1 h at 37°C (B) No 
mcubatlon, othervnse, ldentlcal to A DHBA (20 pmol) was added as an internal standard 
Peaks GS-DA = 5-S-glutathlonyldopamme, UN1 = 2-Scystemyldopamme, UN2 = 5-S- 
cystemyldopamme, DA = dopamme, N-Me-DA = N-methyldopamme 
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2-S and 5-Scystemyldopamme, whkh were prepared by tyrosmase oxidation 
of doparmne in the presence of cysteme (see Experimental) Their identifica- 
tion was further supported by HPLC comparison under the conditions used 
for the separation of cystemyldopa isomers (61. The molar ratio of 5-S to 
2-S isomer was 7 1 1 m the mcubation mixture with lung homogenate. 

As shown m Fig. lA and B, N-methyldopamme was detected both m experi- 
ment and control, and did not mcrease by mcubation with lung homogenate 
Addition of S-adenosylmethionme to the reaction mixture did not mcrease 
the peak height of N-methyldopamme. 

The conditions by which cystemyldopammes were formed were then 
studied and the results are summarized m Table I Surprlsmgly, the boiled 
homogenate retamed about 60% of the ongmal activity (Exp. 3). Oxygen 
was required for a higher activity (Exp. 4). 

The formation of cystemyldopammes was also observed when dopamme was 
incubated with cysteine m the absence of the homogenate (Exp 5). The molar 
ratio of 5-S to 2-S isomer was 8 2 1 m this mixture. The non-enzymic produc- 
tion of cystemyldopammes was mostly dependent on oxygen, as indicated in 
Exps. 6 and 7 Addition of the homogenate to the mcubation mixture 
decreased the 5-S-cystemyldopamme production (Exp 8). On the other hand, 
addition of the bolled homogenate stimulated the reaction by ca. 40% (Exp. 
10) These results may be ascribed to the presence of mhibitor(s) m the fresh 
homogenate but not m the boiled homogenate. 

Glutathione (reduced) 1s the most abundant non-protein thiol compound m 
tissues [7] . Thus, the effect of glutathione on the production of 5-S-cysteinyl- 
dopamme by nonenzymic oxidation was studied As shown m Table II, a ten- 
fold excess of glutathione mhibited the rate of oxidation to one sixth of the 
ongmal value (Exp 3) The rate of 5-S-cystemyldopamme production was 
wlthm the same range as the ongmal one when ten-fold excess of L-cysteme 

TABLE I 

5-S-CYSTEINYLDOPAMINE PRODUCTION UNDER VARIOUS CONDITIONS 

The incubation mixture contamed 0 4 miW pargylme, 18 PM dopamme, 0 1 M Tns-hydro- 
chlorlc acid buffer (pH 7 25) and 50 ~1 of lung homogenate (8 mg tissue) m a 250~1 volume. 
In Exps 5-10, 36 PM L-cysteme was included For details, see Expenmental The results 
are expressed m pmol/h 5-S-cystemyldopamme formed m the mixture and represent means 
1 S D for two duphcate analyses 

Expenment 
No 

Condltlons 5-S-Cystemyldopamme 
production (pmol/h) 

1 + Homogenate 33 i 25 
2 + Homogenate, no mcubatlon 16i 07 
3 + Boded homogenate 22 f 24 
4 + Homogenate, 0, exclusion 18 f 30 
5 - Homogenate, + cysteme 198 f 35 
6 - Homogenate, + cysteme, no mcubatlon 25 216 
7 - Homogenate, + cysteme, 0, exclusion 30 i 86 
8 + Homogenate, + cysteme 72 i 18 
9 + Homogenate, + cysteme, no mcubatlon 31 * 92 

10 + Boded homogenate, + cysteme 285 % 66 
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TABLE II 

EFFECT OF GLUTATHIONE ON 5-S-CYSTEINYLDOPAMINE PRODUCTION 

The mcubatlon mixture contamed 0 4 mM pargylme, 18 pM dopamme, the th101 
compound(s) mdrcated above and 0 1 M Trrs-hydrochloric acid buffer (pH 7 25) m a 250-/-d 
volume Exp 1 m this table 1s rdentrcal to Exp 5 m Table I For detarls, see Experimental 
The results are expressed m pmol/h 5-S-cystemyldopamme formed m the mixture and 
represent means 2 S D for two duphcate analyses 

Experrment Conditrons 5SCystemyldopamme 
No productron (pmol/h) 

1 36 PM L-Cysteme 189 * 91 
2 360 &f Glutathrone 00 
3 360 MM Glutathlone + 36 J.IIIM L-cysteme 302 80 
4 360 hM Cysteme 161 5 49 

was added (Exp 4). These results mdlcate that mhlbltion by excess glutathrone 
was due to the competition between the two thlol compounds m the addition 
reaction to a reactive intermediate such as dopamme-qumone [8]. In fact, a 
peak correspondmg to 5-S-glutathlonyldopamine was detected in the chroma- 
tograms of the mcubatlon mixtures contammg glutathione (Exps. 2 and 3) The 
same compound was produced on mcubatlon of dopamme with lung 
homogenate (Fig. 1A) 

Various tissues from a rat were analysed for 5-S-cystemyldopamme produc- 
tion The brain, heart, spleen and kidney had activities of 57, 5 4, 96 and 36 
pmol/h per 8 mg of tissue, respectively. 5-S-Glutathlonyldopame was also 
detected m the mcubatlon mrxtures of these tissues, except for the kidney 

DISCUSSION 

The present study shows that the two unknown compounds, UN1 and UN2, 
produced on incubation of doparmne with rat tissues are 2-S- and 5-S-cystemyl- 
dopamme, respectively. Enzyme(s) may not play a major role m the oxidation 
We have previously shown that conlugatlon of dopa with cysteme can 
be mediated by a variety of biological oxidation systems such as tyrosmase-0, 
[ 31, peroxidase-H,O, [9] , superoxide radical [lo] , hyclroxyl radical [ll] 
and iron chelate 1121, Agrup et al [13] have shown that methaemoglobm 
also catalyses the conJugation of dopa with cysteme Although tissue 
components responsible for the oxidation were not identified, it is apparent 
that exogenous dopamme can bmd easily with endogenous cysteme by 
non-enzymlc oxidation, perhaps catalysed by endogenous non ions 

There have been few reports on the tissue contents of cysteme. Accordmg 
to Gaitonde [14], rat blood, bram and liver contam cysteme at a level of 
31-95 nmol/g of tissue. This concentration of endogenous cysteme appears to 
be enough for the observed cystemyldopamme formation. It is known that 
glutathlone reacts with dopamme--qumone two thirds as fast as cysteme [8] 
Since glutathlone is the chief thlol compound m tissues, glutathione conJugates 
of dopamine should be the maJor products of incubation of dopamme with 
tissue homogenates Agrup et al [ 151 have shown that glutathlone conlugate(s) 
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of dopa can be split to cystemyldopa(s) on mcubatlon with guinea pig 
kidney homogenate but not with lung homogenate Thus, m tissue containing 
high levels of y-glutamyltranspeptldase and peptldases, cystemyldopammes 
may be formed also via glutathlonyldopammes 

Ascorbic acid can reduce dopamme-qumone back to dopamme at a rate 
comparable to that of the reaction with glutathlone [8] Thus, the fact that 
5-S-cystemyldopamme production m the presence of cysteme mcreased four- 
fold after bollmg the homogenate may be ascrlbed to the decrease of ascorbic 
accld as an mhrbltor of the reaction 

From the results presented 111 this paper, it appears that the rate of cystemyl- 
dopamme production on mcubatlon of dopamme may be affected by levels of 
many tissue components, such as cysteme, glutathlone, ascorbic acid, iron 
ions, y-glutamyltranspeptldase and other enzymes. 

Finally, the present study indicates the posslblhty that cystemyldopammes 
are formed m tissues where dopamme 1s present at a high level 

Since N-methyldopamme formatlon in the reactlon murture with lung 
homogenate, even m the presence of exogenous S-adenosylmethlonme, was 
not slgmficant, the previously reported method for non-spectiic N-methyl- 
transferase [l] may not be apphcable, at least to crude enzyme preparations. 
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