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Abstract. Previous repo11s havc shown that the tyrosinase 
activities of melanosomes and ,oluble tyro\inase i�olated 
from melanoma were diminished whcn these preparations 
were incubated with 3,4-dihydroxyphcnylalanine (dopa). 
It was concluded from these results that lhe tyro�inase 
activities of thcse preparation� decreased when melanin 
wa, synlhesized in these systems. The present inve�tiga­
tion has revealed that melanin synthesized in vitro from 
dopa formed a complex with purified mushroom 
tyrosinase. The addition of melanin diminished the 
1yrosinase activity of thc sample. These results show that 
the formation of the melanin-tyrosinase complex results 
in a decrease in the acti,ity of the tyrosinase solution. The 
tyrosinase activity of the melanin-tyrosinase complex 
could not be increased by certain procedure� which were 
previously found lO enhance the tyrosinase activity of 
i,olated mclanosomes. 
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It has been reported that thc tyrosinase activities of 
isolated melanosomes and soluble tyrosinase are 
diminished when thcse preparations are incubated 
with dopa (6, 7). Under !hese conditions dopa was 
incorporated into insoluble melanin. Whcn 1311-

labelled albumin wa\ added to the system contain­
ing soluble tyrosinase and dopa, most of the 
radioactivity was found to be associated with the 
insoluble melanin. lt wa:, assumed from these 
studies !hat as melanin formation proceeds, 
tyrosinase molecules combine with melanin and in­
tcrmediates such as dopaquinone or indole-5, 
6-quinone and the active centres of tyrosina:.e are
blocked during this process.

The present studies were undertaken in order to 
find out whether tyrosinase forms a complex with 
melanin and. if so. whether the tyrosinase activity 

of this complex can be incrcased by the procedures 
known to activate tyrosinase in melanosornes (2-5, 
9-11 ). Our preliminary studies showed that when
tyrosinase was incubated with L-dopa the enzyme
disappeared from the supernatant. We felt that the
physico-chemical processes taking place during the
formation of insoluble melanin arc rather complex
and it is possiblc that lhe tyrosinase molecules may
be physically trapped within the melanin particles.
Hence the disappcarance of tyrosinase in the above
experiment and the sedimentation or labelled albu­
min along with melanin as rcported by Seiji et al. (6,
7) may not necessarily be due to the complex forma­
tion with melanin. Consequently. we investigated
whcther 1yrnsinase would form a complex with
melanin already synthesized. The results of these
studies are reported in this communication.

MATERIALS AND METHODS 

Purified mushroom tyrosinase (polyphenoloxidase) 
(specific activity �I 500 units/mg) was obtained from 
Sigma Chcmical Company. 

Melanin was synthesized by the action of purified mush­
room tyrosinase on dopa, as dcscribed previously (I, 8). 

Tyrosinase ac1ivity was determined as previously de­
scribed (5). 

The various treatments of the melanin-tyr()sinase com­
plex were carried out under the conditions employcd for 
prcvious studies with melanosomes (5). 

RESULTS 

Effects of addi11g l'Grying <111101111ts of 111e/a11in to 

mushroom tyrosinase 11po11 tlie tyrosinase acti1•i1y. 

Mixtures containing varying amounts of melanin 
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Table I. Effects 11po11 the tyrosinase actil•ity of 

adding w1rio11s amounts of melantin lo mushroom 
tyrosinase 

Varying amounts of melanin were addcd to 4.0 mg mush­
room tyrosina\e in a total volume of 1.0 ml 0.01 M PO. 
buffer, pH 6.8. The mixture was incub.ited at 37° for 2 
hours. One )et of the suspension wa� employed for the 
determination of tyrosinase activity. Anothcr )et was 
centrifuged al I 00 000 g for 30 min. The sediment wa, 
suspended in 1.0 ml 0.01 M PO, buffer, pH 7.2. For 
tyrosmase assay the suspension and ,upernatant wcrc di­
luted in such a manncr that 10 µ.g tyrosinase was added to 
each reac1ion tube. 0.2S ml ,ediment was employed for the 
tyrosinasc assay in each case 

nmoles of tyrosine oxidized 

Melanin Suspen- Sedi- Super-
(mg) sion ment natant 

Nil 5 640 5 640 
0.5 3 880 65 4 600 
1.0 3 960 126 4 560 
3.0 3 440 394 2 840 
4.0 2 520 458 2 880 

and a constant amount of tyrosinase were incubated 

at 37° for 2 hours and the tyrosimtse activity was 
determined. The results are shown in Table I. Addi­

tion of melanin was found to reduce the tyrosinase 
activity. The suspension wa centrifuged and the 

tyrosinase activities of the sediment and supernat­

ant were determined separatcly. The sediment had 
considcrablc tyro�ina�e activity. which increased 
with increasing amounts of melanin added to the 
system. The tyrosinase activity of the supernatant 
fractions followed a pattem very similar to that 

observed with the whole suspension. 

Table Il. E.ffects 11po11 the 1yrosi11ase actll'lty of 
adding a constant amount of melanin to l'arious 
a11101111Is of 11111shroom tyrosi11ase 

Varying amounts of tyrosinase v.ere added to 0.5 mg 
melanin in a total volume of 1.0 ml 0.01 M PO, buffer. pH 
7 .2 and incubatcd at 37° for 2 hours. Other condition� were 
as described under Table I 

Tyrosinase Suspcn- Sedi- Super-
(mg) sion ment natant 

0.4 140 50 212 
0.8 744 54 624 
2.0 2 240 62 I 520 
4.0 4 760 52 3 600 
6.0 5 820 60 4 560 
8.0 8 560 57 7 760 
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Table 111. Effects of various treatments 011 tvro­

sinase actii-ity of 111ela11i11-1yrosi11ase complex 

30 mg melanin and 15 mg mush room tyrosinase wcre 
mixed in a total volume of 6.0 ml 0.01 M PO, buffer, pH 
6.8 and incubated at 37° for 2 hours. The suspcnsion was 
centnfugcd at 100000 g for 30 min. The sediment was 
washed twice by suspending in 12 ml 0.01 M PO, bufTer, 
pH 7.2 and centrifuged at 100000 f< for 30 min each tirne. 
The sediment wa, finally suspended in 12.0 ml PO, buffer. 
1.0 . ml ponions of the suspension were ,ubjected to the
varrous treatments mentioned in the Table and 0.25 ml 
was employed for the tyrosinase assay 

nmoles of tyrosinc oxidi1ed 

Suspcn- Sedi- Super-
Trcatment sion ment natant 

None 4.23 3.82 0.05 
DOC 4.07 3.80 Nil 
Triton X-100 4.17 4.05 0.06 
Sonication 4. IO 3.90 0.05 

EJJectJ of adding conslllnt wnoums o
j 

melanin 10 

1·arying amoIm1s of 1yrosi11ase 11po11 the tyrosinase 

actil'ity. The effect:. of adding a constant amount of 
melanin to varying amounts of tyrosinase are shown 
in Table 11. The tyrosinase activity was found to 

increase as the proportion of tyrosinase to melanin 
wa<, increased. The tyrosinase activity of thc sedi­
ment was roughly constant and independent of the 

amount oftyrosinasc addcd. The tyrosinase activity 
of the supemalanc was grcater when larger amounts 
of tyrosinase were added. 

Effecrs of 1•arious rreat111e11ts of me/a11i11-tyrosi-

11ase complex 11po11 the tyrosinase acrfriry. The 

above results indicate that tyrosinase forms a com­
ple>. with melanin and that this product has tyrosi­

nasc activity. The possibility that the tyrosinase 

activity of this mclanin-tyrosinase complex could 
be increased by procedures which have been re­

ported to enhance the tyrosinase activity of mela­

nosomes from B 16 melanoma was investigated. A 
mixture of melanin and tyrosinase was incubated 
and the suspension centrifuged at 100000 g. The 

sediment was washed and suspended in PO, buffer. 
Thi� suspension wa� subjected to various proce­
durcs which have been reported 10 enhance the 
tyrosina�e activity of melanosomes from B 16 

melanorna (2-5). The tyrosinase activity of the 
suspension after the various treatments was de­
termined. The results are shown in Table 111. 

The tyrosinase activity of the melanin-tyrosinase 
complex was not increased by treatment with 



sodium deoxycholate. Triton X-100, or by sonica­
tion (Table 111). It was also observed that these 

treatrnents did not solubilize any significant amount 
of tyrosinase from the insoluble complex. 

In another set of experiments. tyrosinase was 
incubated with dopa for approximately 18 hours. 
The melanin formed was centrifuged and washed as 
described previously (I. 8). This sample of melanin 
was subjected to the treatments mentioned above. 
No tyrosinase activity could be detected, either in 
the untreated or in the treated melanin. 

DISCUSSION 

The above results show that incubation of purified 
mushroom tyrosinase with melanin results in a de­
crease in the tyrosinase activity of the suspension. 
The melanin separated from this mixture contains 
tyrosinase activity. These findings show that tyro­
sinase forms a complex with melanin and that this 
complex has tyrosinase activity. It seems probable 
that the decrease in tyrosinase activity of the mix­
ture of melanin and tyrosinase is due to the forma­
tion of this complex. 

Experiments in which varying amounts of mela­
nin and tyrosinase were rnixed indicate that a con­
stant -amount of tyrosinase is bound to melanin, 
irrespective of the ratio of tyrosinase to melanin in 
the medium. It appears that even at very low con­
centrations of tyrosinase the melanin is saturated 
with tyrosinase and increasing the concentration of 
tyrosinase does not bring about any further increase 
in the amount of tyrosinase bound to melanin. 

It seems possible that the decrease in the tyrosi­
nase activity after the formation of melanin as re­
ported by Seiji and associates (6, 7) may be duc-at 
least partially-to the formation of such a complex. 
However, since the tyrosinase activity of this 
melanin-tyrosinase complex could not be increased 
by some of the procedures which increased the 
tyrosinase activity of melanosomes (2-5, 9-11), it 
would appear that this activation phenomenon 
would require a more complex structure such as 
the presence of a membrane surrounding the�e 
granules. 

Formation of melanin-tyrosinase complex 11 

ACKNOWLEDGEMENTS 

This study was supported by grants from the Medical 
Research Council of Canada (MA-5043). the Ontario 
Cancer Treatment and Research Foundation (318) and the 
National Cancer lnstitute of Canada. 

H. F. Haberman is an Associate of the Ontario Cancer 
Treatment and Research Foundation. 

REFERENCES 

I. Gan. E. V .. Haberman. H. F. & Menon, I. A.: Oxida­
tion of NADH by melanin and melano-proteins. Bio­
chim Biophys Acta 370: 62. 1974.

2. McGuire, J. S.: Activation of epidermal tyrosinase.
8iochem 8iophys Res Commun 40: 1084, 1970.

3. Menon.1. A. & Haberman. H. F.: State of tyrosinase
in melanoma. J lnvest Dermatol 52: 45. 1969.

4. - State of tyrosinase in melanoma melanosomes.
Life Sci 8: 207, 1969.

5. - Activation of tyrosinase in microsomes and 
melanosomes from B 16 and Harding-Passey mela­
nomas. Arch Biochem Biophys 137: 231, 1970.

6. Seiji, M. & Fitzpatrick, 1. 8.: The reciprocal rela­
tionship between melanization and tyrosinase activity
in melanosomes (melanin granules). J Biochem
49: 700, 1961.

7. Seiji, M .. ltakura. H. & Miyazaki. K.: The membrane
system and melanin formation in melanocytes. In
8iology ofNormal and Abnorma! Melanocytes (ed. T.
Kawamura, T. 8. Fitzpatrick & M. Seiji), p. 221. Uni­
versity Park Press. Baltimore, 1971.

8. Vari Woert. M. H.: Oxidation of reduced nicotin­
amide adenine dinucleotide by melanin. Life Sci 6:
2605, 1967.

9. Van Woert, M. H., Korb. F. & Prasad, K. N.: Regula­
tion of tyrosinase activity in mouse melanoma and
skin by changcs in melanosomal membrane permea­
bility. J lnvest Dermatol56:343. 1970.

10. Van Woert. M. H.: Activat1on of tyrosinase by
chlorpromazine. In Pigmentation: lts gcnesis and
biologic control (ed. V. Riley), p. 503. Appleton­
Century-Crofts, New York. 1972.

11. - Some properties of the outer melanosomal
membrane. In Pigment Cell (ed. V. J. McGovem &
P. Russel), p. 125. S. Karger, Basel, 1973.

Receil'ed January 4, 1977 

I. A. Menon, Ph.D.
Dermatology Section
Clinical Science Division
Medical Sciences Building
Unviersity of Toronto
Toronto MSS IA8
Canada

Aclll Dermat ••er :r (Stockholm) 58 




