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SUMMARY

The quaternary structure of Agaricus bispora tyrosinase has been
investigated by sodium dodecylsulfate-acrylamide gel electrophoresis.
The enzyme was found to contain two types of polypeptide chains, referred
to as Heavy, molecular weight 43,000 * 1,000, and Light, molecular weight
13,400 + 600. In aqueous solution the predominant form of tyrosinase

m.w, 120,000, has the quaternary structure Lsz.

INTRODUCTION

Concentration-dependent association-dissociation equilibria of fungal
tyrosinases have been reported by several investigators (1 - 3). Some
preparations of enzyme from the same source (mushroom or Neurospora) appear
to dissociate more or less extensively than others (1, 4-11). In the case
of mushroom tyrosinase, the minimum molecular weights observed by sedimen-
tation methods have been 26,000 -~ 32,000 (1, 4) and the highest, about
120,000 - 128,000 (5, 6, 7). It has been widely assumed that mushroom
tyrosinase consists of four subunits m. w. about 30,000, each containing one
copper atom (1, 5), because the molecular weight of the associated form of
the enzyme is about 120,000, and it contains four copper atoms. Active
monomeric tyrosinases from species other than fungi appear to contain a
single copper atom (12, 13, 14). On the other hand, recent work has clearly
shown that copper atoms in tyrosinase occur in pairs (15 - 19). Since the
number of copper atoms at the active site has mechanistic and functional
importance, we have now reinvestigated its quaternary structure using

SDS* polyacrylamide gel electrophoresis.

®#SDS: sodium dodecylsulfate
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METHODS AND MATERIALS

The a-, B-, and 6-isozymes of tyrosinase were prepared from mushroom
(Agaricus bispora) (17, 20). The preparations had the specific activities
and copper contents previously described. Analytical SDS gel electrophoresis
was performed with the Ortec system (Ortec Inc., Oak Ridge, Tenn.) in 8%
acrylamide gels containing 0.1% sodium dodecyl sulfate. Samples were pre-
pared by diluting them 1:1 with 3% SDS, 40% sucrose and Tris-acetate,

(0.01 M, pH 8.0); B-mercgptoethanol was added to give a 1% solution, and
EDTA (pH 8.0) to give 10 "M. The mixture was placed in boiling water for
5-10 min, or held at 37°C for several hours and let cool to room temperature.
Final protein concentrations were about 1.5 mg per ml. Proteins used as
molecular weight markers were prepared in an identical way. A marker peptide
containing residues 1 - 65 (m. w. = 7,650) was prepared by cyanogen bromide
cleavage of Sigma Type III cytochrome ¢ (21, 22). Gels were stained with
Coomassie blue R-250 for protein, and with a mixture of 4-tert-butyl catechol
and L-proline (for catecholase activity) or p-cresol and L-proline (for
cresolase activity) (23).

Pure subunits of tyrosinase were prepared by column SDS-acrylamide gel
electrophoresis, using the same gel and buffer compositions as in the
analytical work. A section of gel was rapidly stained for protein with
Coomassie blue and the positions of the bands determined. The bands were
cut out and eluted from the unstained gel as previously described (2u). The
homogeneity of isolated subunits was monitored by analytical SDS electro-
phoresis.

Samples for amino acid analysis were subjected to hydrolysis for 24,
48, and 72 hours at 110°C using constant boiling HCl containing 0.01% phenol.
Cysteine and cystine were determined as cysteic acid after performic acid
oxidation (25). All analyses were performed on a Beckman Model 120C amino
acid analyzer. Attempts to reconstitute active tyrosinase subunits were
made using procedures of Weber and Kuter (26). The molar ratio of the two
subunits was determined by integrating densitometer scans of the analytical
gels of whole enzymes. Concentration ranges were used which had been shown
to be stained linearly with subunit concentration. A Transidyne integrating
densitometer was used for this work.

RESULTS

Figure 1 shows typical SDS electrophoretic patterns of tyrosinase.
Under strongly denaturing conditions (high SDS/protein ratio, heating at
100°C) two main bands were seen, along with several faint bands. The
faint bands varied in intensity and position from one sample to the next.
Some were intensified when mercaptoethanol was omifted from the denaturation
mixture, and probably represented fragments produced by disulfide coupling,
or, in some cases, proteolysis during preparation. Nine molecular weight
markers were used to obtain a calibration curve (Figure 2). In all cases
unknowns and standards were run simultaneously to overcome the possibility

of small day-to-day variations in gel composition. No significant differ-
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isolated subunits. The proteins were treated with 1% SDS at 100°C
for 3 minutes. Enz, holoenzyme, 10mg; L, light subunit, 2ug;
H, heavy subunit, 6ug.
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Figure 2. A typical molecular weight determination for the L and H
subunits of B-tyrosinase. Nine molecular weight markers were used,
and the best straight line was determined by the least squares

approximation. Arrows mark the positions of the H and L subunits
on the calibration curve.

ences were observed in the subunits among the a-, B-, and §-isozymes of
tyrosinase based on 24 determinations of molecular weight. The molecular
weights were, for the heavy subunit, H, 43,000 * 1,000, and for the light
subunit (L), 13,400 * 600. These subunits did not have catecholase or

cresolase activity.

521



Vol. 70, No. 2, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

TABLE I
Amino acid composition of H and L subunits and B-tyrosinase

Number of residues (to nearest integer)

Amino Acid H L EQEQ B-tyrosinase*
LYS 18 7 50 Ly
HIS 13 2 30 28
ARG 18 6 [¥:] 48
ASP L5 16 122 14y
THR 25 9 68 76
SER 23 10 66 60
GLU 41 11 104 124
PRO 32 6 76 76
GLY 19 17 72 88
ALA 26 7 66 68
1/2 CYS 2 1 6 8
VAL 21 8 58 64
MET 12 2 28 20
ILU 19 7 52 56
LEU 29 8 ™ 80
TYR 19 ) 46 4y
PHE 23 J 58 5

TOTAL 385 127 1,024 1,084
M 43,700 13,600 114,600 120,400

*Taken from Jolley, R. L., et al., J. Biol. Chem., 2uu, 3251 (1969).

When the B- and &-isozymes were incubated with 3% SDS at 37°C, or at
low SDS/protein ratios, a band with an apparent molecular weight of 69,000
was observed; this band possessed both catecholase and cresolase activities
(cf. 5). The a-isozyme did not form this band. The apo-enzyme prepared
by dialysis against cyanide (18), gave the same electrophoretic pattern in
SDS as native enzyme gave. Addition of NaCN, B-mercaptoethanol, EDTA, or
B-mercaptoethanol plus EDTA to incubation mixtures of either native or
apoenzyme produced no change in the electrophoretic pattern. Attempts to
renature isolated subunits by removal of SDS to give apoprotein, followed by
addition of Cu2+ at pH 8 (borate buffer), Cu2+ + cysteine at pH 8.6, CuCl;3

at pH 5.6 (citrate-phosphate), or Cu[CHacN]u at pH 5.6, were unsuccessful.
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Eletrophoresis of SDS-free subunits without denaturant indicated that more
than 90% of the protein aggregated to species with very high molecular weights
under these conditions.

The amino acid compositions of purified H and L subunits of B-isozyme
are given in Table I, compared with that of native enzyme. The molar ratios
of H to L, determined by densitometry, based upon analytical electrophoresis
of nine separate enzyme preparations, and molecular weights of 43,000 and
13,400 respectively, was 1.0 * 0.1 (S.D.).

DISCUSSION

We have found that native mushroom tyrosinase consists of two types
of polypeptide chains, H (molecular weight 43,000) and L (molecular weight
13,400). These results are not due to proteolysis of native enzyme because
these two species account for more than 90% of the protein seen on electro-
phoretic gels in all mushroom tyrosinase preparations examined including
both freshly isolated enzymes and enzyme stored under sterile conditions.
The electrophoretic pattern was not altered by omitting B-mercaptoethanol
treatment, or by treatment with cyanide. Accordingly, disulfide bonds do
not hold the subunits in the native enzyme together.

In the light of these results, it is evident that there is no "monomer"
with m.w. 30,000 and containing one copper atom, as previously assumed. The
proteins with reported molecular weights of 26,000 (1), 34,500 (4), and
32,000 (11) must be dimeric L2 aggregates. The active enzyme, apparent
m.w. 69,000, may then be L2H (m.w. 69,800). The distribution of copper among
the L and H subunits, and the function, regulatory and/or catalytic, of

the association-dissociation phenomenon, remain to be determined.

ACKNOWLEDGEMENTS

We wish to thank Jack Lile, Maureen Drury, Terry Wagner, and Glenn
Gross for their preparative efforts; dJames Joyce kindly helped with amino
acid determinations. This work was supported by grants AM 0718 from the
NIAMD and BC-1M from the American Cancer Society.

523



Vol. 70, No. 2, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

1.
2.

(S —
o o

W oo,
-

10.
11.

12,
13.
14,
15.
16.
17.
18.

13,
20.

2].
22,

23.
24,

25,
26.
27.

BIBLIOGRAPHY

Duckworth, H. W., and Coleman, J. E. (1970) J. Biol. Chem, 245, 1613.
Fling, M., Horowitz, N. H., and Heinemann, M. (1963) J. Biol. Chem,

238, 2045,

Jolley, R. L., Robb, D. A., and Mason, H. S. (1969) J. Biol. Chem, 244, 1593.
Kertesz, D., and 2ito, R. (1957) Nature 179, 1017.

Bouchilloux, S., McMahill, P., and Mason, H. S. (1963) J. Biol. Chem,
238, 1699.

Mallette, F. M., and Dawson, C. R. (1949) Arch. Biochem, 23, 29,
Kertesz, D., and Zito, R. (1965) Biochim. Biophys. Acta,96, uu47,
Nakamura, T., Sho, S., and Ogura, Y. (1966) J. Biochem. (Tokyo) 59, u481.
Jolley, R. L., (1967) Adv. Skin Biol. VIII, p. 269, Pergamon Press,
Oxford, England.

Gutteridge, S., and Robb, D. A. (1975) Eur. J. Biochem, 54, 107.

Robb, D. A. (1967) Adv. Skin Biol.,VIII, p. 283, Pergamon Press, Oxford,
England.

Vaughn, P. T. R., Eason, R., Paton, J. Y., and Ritchie, G. A. (1975)
Phytochemistry ,14, 2383.

Barisas, B. G., and McGuire, J. S. (1974) J. Biol. Chem, 249, 3151.
Lerch, K., and Ettlinger, L. (1972) Eur. J. Biochem, 31, 427.
Schoot-Uiterkamp, A. J. M., and Mason, H. S. (1973) Proc. Nat. Acad.
Sci., USA, 70, 993.

Schoot-Uiterkamp, A. J. M., van der Deen, H., Berendsen, H. C. J., and
Boas, J. F. (1974) Biochim. Biophys. Acta, 372, 407.

Jolley, R. L., Evans, L. H., Makino, N., and Mason, H. S. (1974) J.
Biol. Chem, 249, 335,

Makino, N., McMahill, P., Mason, H. S., and Moss, T. H. (1974) J. Biol.
Chem, 249, 6062.

Makino, N., and Mason, H. S. (1973) J. Biol. Chem, 248, 5731.

Nelson, R., and Mason, H. S. (1970) Methods in Enzymol., p. 626, Academic
Press, New York.

Fish, W. W., Mann, K. G., and Tanford, C. (1969) J. Biol. Chem, 2u4, 4989,
Steers, E., Craven, G. R., Anfinsen, C. B., and Bethune, J. L. (1965)

J. Biol.Chem, 240, 2478.

Jolley, R. L., and Mason, H. S. (1965) J. Biol. Chem, 240, 1489,

Weber, K., Pringle, J. R., and Osborn, M. (1972) Methods in Enzymol.
XXVI (Part C), p. 3, Academic Press, New York.

Schram, E.,Moore, S., and Bigwood, E. J. (195%) Biochem J, 57, 33.
Weber K., and Kuter, D. J. (1971) J. Biol. Chem, 246, 4504,

Smith, J. L., and Kreuger, R. C. (1962) J. Biol. Chem, 237, 1121.

524



