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Abstract. A human melanoma metastasis was found 10 
contain a subslance identical with synthetic gluta­
thionedopa when examined by means of an automatic 
amino acid analyser, chromatography on a Dowex-50 col­
umn, thin-layer electrophoresis, and by fluorimetry. The 
presence of glutalhionedopa in melanoma tissue and of 
enzymes capable of hydrolysing the glutathione moiety of 
the molecule, together with the absence of glutathi­
onedopa in the urine, suggest that glutathionedopa is an 
intermediate substance in the formation of 5-S­

cysteinyldopa. 
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It has recently been shown that 5-S-cysteinyldopa, 
an amino acid that plays a key role in pigment cell 
metabolism, can be formed by enzymatic degrada­
tion of glutathionedopa ( I). 

5-S-cysteinyldopa may thus be formed either by
direct conjugation of cysteine to dopaquinone or by 
conjugation of glutathione to the quinone with sub­
sequent hydrolysis of the peptide by y-glutamyl 
transferase and a peptidase (Fig. I). These enzymes 
are present in melanoma tissue and in !arge amounts 
in the kidneys and in the liver. 

The aim of the present study was to prove the 
existence of a glutathionedopa pathway for 5-
S-cysteinyldopa formation. We therefore investi­
gated human metanorna for the presence of gluta­
thionedopa.

We have previously examined urine from 
melanoma patients for the presence of glutathi­
onedopa, but without success. This is not surpris­
ing, sincc the enzymes mentioned can split any 
g)utathionedopa formed in the melanoma. How­
ever, it ought to be possihle to detect gluta­
thionedopa at the site of its formation.

MATERIAL AND METHODS 

Glutathionedopa was synthesized by NFR Syntestjänst, 
Lund. Another sample was prepared enzymatically by 
incubation of a mixture of glutathione. tyrosine. and 

tyrosinase, and purified by a technique previously de­
scribed (6). Glutathionedopa isolated from metanorna tis­
sue was identified by three ditTerent methods. 

A. Amino acid analyser (LK.B 3201) using a 9x I 19 mm
column containing Durrum DC-6A cation exchange resin, 
equilibrated with a sodium-citrate buffer, pH 3.82. Gluta­
lhionedopa was eluted by means of 0.10 N sodium-citrate 
buffer, pH 3.82, the flow being 104 ml/h. The gluta­
thionedopa peak appeared after 44 minutes. 

B. A Dowex-50 column (5x54 mm) in H• form. The
glutathionedopa, dissolved in 0.1 N HCI, was put on the 
column and eluted first by passing 40 ml 0.5 N HCI. This 
eluate was discarded. The subsequent elution was 
performed with N HCI. The effluent was collected in 5 ml 
fractions. The glutalhionedopa peak appeared in the 
fou rth fraction thus obtained. 

C. Thin-layer electrophoresis using Kisel-Gel of 0.25
mm thickness. The buffer was pyridine-acetic acid, pH 4 
(12 ml pyridine, 40 ml glacial acetic acid, and water to 
I 000 ml). The voltage was 25 V cm-•. The gluta­
thionedopa moved at a rate of 0.68 cm h-1 towards the 
anode. It was visualized by spraying with diazotized 
p-nitroaniline (10).

Some 25-50 g of melanoma tissue obtained a1 necropsy
from a liver meta�tasis of a rcd-haired man was 

homogenized in 0.4 N perchloric acid and centrifuged for 
10 minutes at 17 000 r.p.m. The catechols of the superna­
tant were adsorned on Al,03 at pH 8.6, and eluted with 0.1 
N HCI. The eluate was then evaporated to dryness. 

For the automatic amino acid analyser the residue was 
dissolved in water, and the pH adjusted to 2.5. The solu­
tion was filtered through a Millipore filter (GSWP 01300), 
and I ml of the solution was injected into the automatic 
amino acid analyser. 

For chromatography on the Dowex column another 
melanoma extract was prepared as above. After evapora­
tion the Al203 eluate 10 dryness, the residue was dissolved 
in 0.1 N HCI. 

The 4th 5 ml fraction from the Dowex column was used 
for thin-layer electrophoresis and fluorimetry (6). Thin­
layer electrophoresis of the peak appearing after 44 mi­
nutes in the automatic amino acid analyser was also 
performed. 

RESULTS 

Synthetic glutathionedopa appeared in the 4th 5 ml 
elution fraction from the Dowex column. The 
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Fig. I. Formation of 5-S-cysteinyldopa from dopaquinone 
and glutathione. 

rnelanorna tissue extract contained a substance that 
also appeared in this fraction. Oxidation of the 
catechols in this fraction as described by Anton & 
Sayre yielded fluorophores identical with those of 
glutathionedopa (6). 

Chromatography of the melanoma extract in the 
automatic amino acid analyser showed a peak after 
44 minutes, which was also the elution time for 
synthetic glutathionedopa. By comparison with au­
thentic glutathionedopa the amount in the mela­
noma was calculated to be 2 µg/g. 

Thin-layer electrophoresis of the substance iso­
lated from the melanoma extract by chro­
matography on the Dowex column or by chroma­
tography in the automatic amino acid analyser 
disclosed a compound moving towards the anode 
at the same rate as authentic glutathionedopa and 
showing the same colour reaction with diazo­
tized p-nitroaniline. 

DISCUSSION 

The presence of glutathionedopa in melanoma tis­
sue now reported is direct evidence of the role of 
glutathione in the regulation of pigment formation. 
It was originally thought that the SH-group of 
glut;,thione acted by inhibiting tyrosinase (3. 8). 
The inhibitory effect of glutalhione on melanin 
synthesis may however prove to be due to the for­
mation of thiol-derived reaction products by the ac­
tion of tyrosinase (2, 4, 7, 9); such thioethers are ap­
parently less inclined to form stable polymers. 
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Several structures have been proposed for the 
glutathione reaction products (5). Our studies on 
the hydrolysis of the compounds formed by incuba­
tion of tyrosine with tyrosinase in the presence of 
glutathione suggest that the 1,6-addition of the thiol 
group to dopaquinone is an important reaction, 
since 5-S-cysteinyldopa is formed by the action of 
y-glutamyl transferase and peptidase on the reac­
tion product (I).
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