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lluman t} rosinase prepared from cultured melanoma celb is inactivated b} 10 mM 
cysteine. The inactivation of the enzyme by cysteine is less pronounced in the presence of 
catalase and superoxide dismutase. Thus. oxygen radicals an<llor hydrogen peroxide may 
contribute to the inactivation of human tyrosinase by cysteine. Dopa and/or tyrosine 
protects tyrosinase against inactivation by cysteine. The protection observed with tyrosine 
alone indicates that oxidation of substrate is not necessary for the protection. The effect of 
dopa and/or tyrosine is probably due to stcric hindrancc at thc active site preventing thc 
access of cy5teine to the copper. Key words: Oxyge11ase: Oxvpen radicals: Melonin: 

Cy,ie/nyldopa. (Rece1ved December 13, 1983.) 

H. Rorsman. Dep.irtment of Dermatology. Lasarellet. S-2218� Lund. Sweden.

The biosynthesis of melanin in melanocytes is dependent on the action of the copper
containing cnzyme tyrosinase. The isolated enzyme is inactivated by sulfhydryl-containing 
cornpounds that interact with copper ( I). The inactivation of tyrosinase by such com
pounds is of physiological interest, becausc cysteinyldopas are found in melanocytes 
indicating that tyrosinase in vivo acts in the pre!>cnce of cy teine or glutathione (2). We 
have recently studied the inactivation of mushroom tyrosinase by thiols. and found that 
the addition of substrate protected the enzyrne against such inactivation (3). Wc also found 
that hydrogen pcroxide interfered with this inactivation. 

We now report on inactivation of human tyrosinase by cysteine and �how that tyrosine 
in the presence or absence of dopa protects the enzyme against this inactivation. In 
addition. we show that the inactivation in pan i!> caused by reaction products of oxygen. 

MATERIAL AND METHODS 

Tyrosinase was purified from the medium of cultured human melanoma cells (4), The effect of various 
substances on tyrosinase activity wa� examined by incubating the substances under investigalion with 
a constant amount of tyrosinase at 25°C for 30 min in 0.05 M 5o<lium phosphate buffer. pH 7.4. 
lmmediately after incubation tyrosina,e wa� separated from the low molecular weight rcagents by gel 
fillration on Sephadex G-25 (the bed volume wa� 9 ml). After application of the sample the column 
was washed with one bcd volume of the phosphate buf

f
er before elution of tyrosinase in 5 ml of 

buffer. Tyrosinase activity was measured in the eluate (4) and compared with the activitv obtained in 
an identical expenment but after incubation with buffer alone. 

The effect of the following substances in concentrations and combinations dc�cribed in the resulh 
section was cxamined. L-cysteinc. L•tyrosine. L-dopa. catalase. and superoxide <lismutase. 

RESULTS 

Preincubation of purified tyrosinase with 10 mM cysteine resulted in a 90'R los� of the 

enzyme activity (Table I). whereas I mM cysteinc had no significant effect. The enzyrne 
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Table I. Effecr of uario11s addirio11s 011 1yrosi11ase acrivity. lnrnbario11s were as descrihed 

in Merhods. Number of experiments in brackets 

lncubation 
additions 

I mM cysteine 
10 mM cysteine 
10 mM cysteinc, catalase. superoxidc dismutase 
10 mM cysteine. L-dopa. 1.-tyrosine 
(0 mM cystcine. L-tyrosine 

Tyrosina<;e activity 
c<:,;: of control) 

98::t:8 (4) 

9::tl (9) 

19::t:2 (9) 

66::t:5 (8) 

47+4 (8) 

was partly protected from inactivation by 10 mM cysteinc when 0.3 mM L-tyrosine was 

present in the incubation mixture, either alone or in combination with 0.1 mM L-dopa. The 

protecting effect of L-dopa and L-tyrosine together wa<; more pronounced than the effect of 

L-tyrosine alone.

Catalase (Sigma) (25 11g/ml) and superoxide dismutase (Sigma) (50 µg/ml) together also

protected purified tyrosinase against cysteinc-dependent inactivation. ahhough 10 a con

siderably lowcr degree than L-tyrosinc (Table I). 

DISCUSSION 

The results show tha1 high concentra1ions of cysteine are required 10 inactivate human 

tyrosinase. The human enzyme is much morc resistant to cysteinc treatment than mush

room tyrosinase (5). 
The inactivation of the human enzyme by cysteine was to some ex1cnt prevcnted by 

superoxide dismutase and catalase. In the abscnce of dismutase and catalase the superox

ide anion (Oi), hydrogen peroxide, and hydroxyl radical (OH·) should be formed (6, 7). 

The protection of tyrosinase by thc di<;mutase-catalase system indicate, that part of the 

inactivation of tyrosinase by cy<;teine is due to oxygcn radicals or hydrogen peroxide. We 

have previously demonstrated that catalase augment<; the cysteine-dependent inactivation 

of mushroom tyrosinase at high cysteine concentrations. but counteracts the inactivation at 

low cysteinc conccntrations (0.1 mM). Oxygen radicals or hydrogen pcroxidc clcarly 

influence the cysteine-dcpendcnt inactivation of both human and mushroom tyrosinase. 

although thc inactivation mcchani�ms for thc 1wo enzymes �eem to differ (3). Tyrosine and 

dopa, or tyrosine alone. protected human tyrosinase efficiently against inactivation by 
cysteine. This protection of tyrosinase by dopa and tyrosine may partly be attributed to 

adduct formation bctwecn cystcine and dopaquinone. However, tyrosinc also protccted 

the enzyme in the absence of dopa when no quinonc formation occurred. Dopa and 

tyrosine therefore seem to protect tyrosinasc by preventing the access of cysteine to the 

copper of the active site of the enzyme. 

The present finding that human tyrosinase is protccted by its substrates against inactiva

tion by cysteine provides an explanation for the virtually non-inhibited action of tyrosinase 

in phaeomclanosomes in which cysteine conccntrations should be high. 
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Bruze M. Krook G, Ljunggren B. Fatal connective tissue disease witb antinuclear antibod
ies following PUVA therapy. Acta Derm Venereol (Stockh) 1984: 64: 157-160. 

Antinuclear antibodies with a nucleolar staining pattem appeared in a psoriasis patient 
during PUVA therapy. No antinuclear antibodies were found after the terrnination of 
PUVA but they reappeared one year later together with symptoms consistent with a 
connective tissue disease. The course was fatal and the clinical and the laboratory 
investigations suggested a scleroderma-like syndrorne. Key words: Nucleolar staining
pallern: Ultravioler irradiation. (Received June 15, 1983.) 

M. Bruze, Department of Dermatology, General Hospital. S-21401 Malmö. Sweden.

Photochemotherapy with 8-methoxypsoralen and long wave ultraviolet light (PUVA) was 
introduced in 1974 for the treatment of psoriasis and has since then become a well 
established and effective form of therapy (I). Short term side effects are well known and 
usually harmless, while possible long-term risks still have to be evaluated. Screening for 
antinuclear antibodies (ANA) has been a routine in order to avoid exacerbations in 
patients with an undetected connective tissue disease, mainJy systemic lupus erythemato
sus (SLE). As a consequence of this screening the generation of ANA during PUVA 
therapy was discovered (2, 3). Although no general patholog(cal significance has been 
ascribed to these ANA so far, two psoriasis patients have been reported developing SLE 
(4) anda SLE-like syndrome (5) during PUVA therapy.
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