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To explore the possibility that dopa and 5-S-cysteinyldopa, precursors of melanin, can be 
produced in non-melanogenic tissues, this study examined the contents of the free and 
protein-bound forms of two catechols in non-melanogenic tissues of mice and rats, and 
compared the urinary excretion of free catechols in black and albino mice. Considerable 
amounts of protein bound dopa and 5-S-cysteinyldopa were present in the hair of tyrosin­
ase-negative, albino rnice and white rnice, the latter completely lacking follicular melano­
cytes. The !iver, kidney and brain of mice and the adrenals of rats also contained small 
amounts of these catechols. Both black and albino mice excreted free dopa and 5-S­
cysteinyldopa, the amounts of which did not differ significantly in the two animals. It is 
suggested that oxidation mechanism(s) other than tyrosinase may participate in the synthe­
sis of these catechols in proteins. Tumover of 5-S-cysteinyldopa-containing proteins may 
lead to the release of this catechol into blood and eventually to excretion into urine. Key 
words: Dopa; Cysteinyldopa; Melanin; Melanogenesis; Tyrosinase; Melanoma. (Received 
March 28, 1983.) 
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Pigmented tissues such as black and red hair, as also malignant melanoma, contain dopa 

and cysteinyldopas. 5-S-Cysteinyldopa, a major precursor of pheomelanin, is present in 

appreciably larger quantities in red-haired skin than in black-haired skin of guinea pigs (6). 

In humans, 5-S-cysteinyldopa is excreted into urine after UV exposure (15). These two 
forms of catechol are always found in the hydrolysates of human and animal melanomas 

(I, 16). It has been suggested that the amounts of urinary excretion of 5-S-cysteinyldopa 

may parallel the stages of melanoma patients, thus making it a useful tool for estimating 

the degree of melanoma invasion (2). 

We have recently found dopa and 5-S-cysteinyldopa in the hydrolysates of black and 

yellow mouse hair as weU as of B16 and Harding Passey mouse melanomas (7). Active 

participation of tyrosinase is suggested for the synthesis of these protein-bound catechols 

(1). However, biological systems other than tyrosinase can also mediate the hydroxylation 

of phenolic moiety and the further oxidation of catecholic moiety. lf the oxidation takes 

place on tyrosine residues in proteins, protein-bound dopa and cysteinyldopas may be 

formed (I)_ This study examined (a) whether protein-bound dopa and 5-S-cysteinyldopa 

are also present in non-melanogenic tissues, and (b) whether these melanin precursors are 

excreted into the urine of albino animals in which active tyrosinase is absent and no 

melanin synthesis occurs. 

MATERIALS AND METHODS 

Non-melanogenic organs of liver, kidney, brain and adrenal were obtained from black (C57BL) and 
albino (A/J, ICR) mice, and from albino rats (Wistar) following cervical dislocation. Hair follicles 
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Table I. Free and protein-bound dopa and 5-S-cysteinyldopa in non-melanogenic tiss11es and melan­

oma 

ng/100 mg tissue0 (µmol/mol tyrosine)c 

Free Protein-bound 

Animal 
Tissue (strain) n" Dopa 5-S-CDJ Dopa

Hair Mouse (A/J) 3 24±23 8±3 7 000± I 500 0 300±230) 

Mouse (ICR) 3 21±10 14±20 2 600±260 (470±40) 
Mouse (C3H, mibw/mib"Y I 12 <I 5 100 (l 000) 

Liver Mouse (C57BL, A/J. ICR) 3 3±1 2±1 200±15 (240±31) 
Kidney Mouse (C57BL, A/J, ICR) 3 5±2 5±2 130± 15 ( I  70±35) 
Brain Mouse (ICR) 2 4±1 0.2 46± 14 (110±42) 
Adrenal Rat (Wistar) 7g 150 9 220 (470) 
Melanomah Mouse (JCR) 3 850±430 880± 130 3 200±400 (6 400±920) 

" Number (n) of animals. 
b Mean ± standard deviation. 
c Values in parentheses represent µmol of catechol per I mol of tyrosine in the hydrolysate. 
d 5-S-Cysteinyldopa. 
' Examined by incubating the plucked hair bulb in tyrosine solution with a control of C57 black hair. 
f This strain of mouse lacks follicular melanocytes. Gift from Dr W. C. Quevedo Jr. Brown University, USA. 
" One determination was made on adrenals from 7 rats. 
• Data of this part were taken from our previous repor! (7).
1 Mean of two experiments expressed as unit/mg protein.

were plucked from the dorsal skin of black (C57BL), albino (A/J, ICR) and white (C3H) mice. Details 
of the procedures for the determination of protein-bound dopa and 5-S-cysteinyldopa followed our 
previously described rnethod (7). Briefiy, tissue was homogenized in 0.4 M HCI04 and, after 
centrifugation, the precipitate was hydrolysed by refiuxing in 6 N HCI containing 0.5 % cysteamine 
hydrochloride. Catechols in the extract and hydrolysate were adsorbed on alumina at pH 8.6, eluted 
with 0.4 M HCIO., and then determined by high-performance liquid chromatography (HPLC) with 
electrochemical detection. Tyrosine in the hydrolysate was also determined by HPLC (7). 

Tyrosinase activity of plucked hair follicles was determined by immersing the hair bulbs (anagen 

Table Il. Formation of dopa and 5-S-cysteinyldopa from tyrosine and cysteine catalysed 

by Fe2+ 

Products (µmol/mol tyrosine)" 

Reactants" 

Tyrosine 5 mgc + cysteine 5 mg 
Tyrosine 5 mg + cysteine 5 mg + 
Fe2+ 0.05 mg" 

Tyrosine 5 mg + cysteine 5 mg + 

tryptophan 5 mg + Fe2+ 0.05 mg 

Dopa 

17±8 

53±26 

29±9 

5-S-Cysteinyldopa

ca 0.3 

ca 0.5

ca 0.5 

a A mixture of the reactants in 10 ml of 6 N HCI containing 0.5 % cysteamine hydrochloride was 
heated under rellux for 24 h and treated as described (7). 
b Mean ± standard deviation for 3 experiments. Values represent µmol of catechol per I mol of 
tyrosine in the hydrolysate. 
,· This amount is an average value for those in tissue samples. 
d This amount is similar to or above those in tissue samples. 
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5-S-CD

I 600± I 10 (170±42) 
690±270 (95±55) 

I 600 (180) 
10±3 (7±3) 
11±1 (9±3) 
4±1(5±1) 

11 (15) 
880±210 (I 100±360) 

Tyrosinase 
(dopa-oxidase) 
activity 

0.00' 
0.00 

o.oo (o.01y 
0.00 (0.17)
0.00 (0.00)
0.00 (0.00)
2.91 (5.29)
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phase) in 0.5 mM tyrosine, 50 mM phosphate buffer solution (pH 6.8) with addition of a catalytic 
amount of dopa (0.025 mM) for 4 h at 37'C. For the determination of tyrosinase activity in non­
melanized organs, tissue was minced with scissors, washed with phosphate-buffered saline, homo­
genized in phosphate buffer (pH 6.8, 50 mM), followed by centrifugation at 105.000 g for 30 min. The 
particulate (membrane-bound) form of tyrosinase was released by trea ting the pellet with 0.1 % Brij 35 
made up in 50 mM phosphate buffer (pH 6.8). Brij treatment was carried out with a Polytron 
homogenizer (Kinematika, Switzerland), gage 5, for 30 sec, at room temperature. Tyrosinase activity 
of the solubilized, particulate fraction was deterrnined by incubating the samples in 0.5 mM tyrosine 
plus a catalytic amount of dopa (0.025 mM) made up in 50 mM phosphate buffer (pH 6.8) at 37°C for I 
h. Dopa-oxidase activity was measured by incubating the particulate fractions in 3 mM dopa made up
in 50 mM phosphate buffer, pH 6.8, for 10 min at 37°C. The enzyme unit of tyrosinase and dopa
oxidase was calculated by measuring absorbancy at 475 nm with extinction coefficiency of 3 600,
following our previously described method (13). Harding Passey mouse melanoma was used as a
control. Protein concentration was determined by the method of Lowry et al. (14).

To determine the leve! of free dopa and 5-S-cysteinyldopa excreted in urine, 24-h urine was 
collected from black (C57BL) and albino (AIJ) mice. Five animals of each species were housed 
separately in metabolic cages and urine was collected in a beaker containing 0.5 ml of 0.5 M HCI. 

RESULTS 

Table I indicates the presence of considerable amounts of protein-bound dopa and 5-S­

cysteinyldopa in the plucked hair of non-pigmented albino (A/J and ICR) and w hite (C3H) 

mice, the latter lacking follicular melanocytes. Tyrosine test on plucked hair follicles 

indicated that none of the active tyrosinase was present in hair of A/J and ICR albino mice. 

The Liver, kidney and brain of the mice and the adrenals of the rats also contained small 

amounts of dopa and 5-S-cysteinyldopa in the bound form (Table I). Again, these non­

melanogenic organs did not reveal any tyrosinase activity, though !iver and kidney showed 

a trace of dopa-oxidase activity which was quite low, compared with that of control, 

melanoma tissue. AJthough the concentrations of the protein-bound catechols in normal 

tissues in terms of ng/100 mg tissue were less than one-tenth of those in amelanotic hair, 

the difference was much smaller when compared in terms of µmol/mol of tyrosine 

residues. The leve! of bound dopa in the adrenal was not significantly higher than that in 
other normal tissues, indicating that tyrosine hydroxylase, a unique enzyme in the adrenal, 
is not capable of hydroxylating tyrosine residues in proteins. Free dopa and 5-S-cysteinyl­

dopa levets in the non-melanogenic tissues were much lower than those of the bound form 
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(Table I). The relatively high level of free 5-S-cysteinyldopa was noted in the kidney, 
similar to the report of Agrup et al. (3). The high leve! of free dopa and 5-S-cysteinyldopa 
in the adrenal may be related to the fäet that it is a catecholamine-producing organ. 

Urinary excretion of free dopa and 5-S-cysteinyldopa was compared between C57 black 
and A/J albino mice. lnterestingly, there was no significant difference in urinary excretion 
(24 h) offree dopa and 5-S-cysteinyldopa between A/J albin·o and C57 black mice. Urinary 
dopa was 43±24 ng (mean ± standard deviation) in C57 black mice (n=5) and 37±25 ng in 
A/J albino mice (n=5), while urinary cysteinyldopa was 52± 11 ng in C57 black mice and 
44± 14 ng in A/J albino mice. 

There was a possibility that dopa and 5-S-cysteinyldopa could be produced artificially 
from tyrosine and cysteine under the hydrolytic conditions. !ron ions are known to 
catalyse the hydroxylation of aromatic compounds (17). Therefore, this possibility was 
examined and the results are summarized in Table Il. Although these catechols were in 
fäet produced by the Fe2+ -catalysed oxidation from tyrosine and cysteine, the yields were 
much lower than the tissue levels. Furthermore, other tissue constituents, such as trypto­
phan, appeared to have some preventive effect on the hydroxylation of tyrosine, possibly 
by competing for hydroxylating species. 

DISCUSSION 

High Ievels of protein-bound dopa and 5-S-cysteinyldopa were noted in pigmented hair and 
melanoma (7). It has been suggested that tyrosinase is the major fäctor catalysing the 
synthesis of bound dopa and 5-S-cysteinyldopa in pigmented tissues. In this study, 
however, protein-bound dopa and 5-S-cysteinyldopa were also found in non-melanogenic 
tissues. including those normal tissues in which melanocytes and tyrosinase are absent, 
e.g., hair of C3H white mice, !iver, spleen. brain and adrenal. Thus, it is indicated that
oxidation mechanism(s) other than tyrosinase may participate in the synthesis of these
catechols in proteins. The hydroxyl radical is known to bring about the hydroxylation of 
aromatic compounds (17). We have previously shown that the peroxidase-H202 system
(8), oxygen radicals, superoxide and hydroxyl radicals (9, 10, 11) can mediate the forma­
tion of cysteinyldopas from dopa and cysteine. These active oxygens are produced in
many biological processes (4).

It is generally accepted that cysteinyldopas are formed only in active melanocytes and 
therefore the urinary leve! of 5-S-cysteinyldopa reflects well the progression of melanoma 
(2). Recently, the presence of free 5-S-cysteinyldopa was reported in the spleen and heart 
of guinea pigs, suggesting the presence of a specific catechol-containing structure in the 
non-melanogenic organs (3). Our findings of bound 5-S-cysteinyldopa in normal non­
melanogenic tissues as well as free 5-S-cysteinyldopa in the urine of tyrosinase-negative, 
albino mice indicate that excretion of urinary 5-S-cysteinyldopa by mechanism(s) other 
than the tyrosinase-mediated reaction may exist. Dopa and cysteine in either free or bound 
form are necessary for the production of 5-S-cysteinyldopa in vivo. However, free dopa is 
hardly available in !arge amounts in non-melanogenic tissues. lnterestingly, 5-S­
glutathionedopa is formed in the spleen of albino rats only after dopa injection (5). 

By contrast, the relatively high leve) of protein-bound dopa in normal tissues could 
favor the 5-S-cysteinyldopa production. Turnover of 5-S-cysteinyldopa-containing pro­
teins may lead to the release of this catechol into blood and eventually to excretion into 
urine, inasmuch as there are no significant amounts of free dopa and 5-S-cysteinyldopa in 
the tissues and 5-S-cysteinyldopa is not rapidly metabolized as compared with L-dopa (12). 
Furthermore, wide ranges of urinary excretion of free 5-S-cysteinyldopa in melanoma 
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patients as well as normal subjects (2) may partly be related to the production of bound 

dopa and 5-S-cysteinyldopa in the non-melanogenic tissues where catalytic mechanism(s) 

other than tyrosinase may be involved. 
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