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Abstract—Mushroom tyrosinase was subjected to affinity and hydrophobic chromatography on 2-mercaptobenzimi-
dazole, 2-mercaptobenzothiazole, methimazole, mimosine, and tropolone ligands coupled to solid supports. Mercap-
tobenzimidazole, mercaptobenzothiazole, and methimazole columns coupled to CNBr activated Sepharose and
mimosine coupled to epoxy activated Sepharose were capable of retaining significant amounts of the enzyme under
affinity chromatography conditions. Only mercaptobenzimidazole and mercaptobenzothiazole columns retained
significant amounts of the enzyme under hydrophobic chromatography conditions. The enzyme was also adsorbed
onto phenyl and phenylbutylamine columns under hydrophobic conditions. Increasing amounts of the enzyme were
bound to several alkyl columns under hydrophobic conditions and the binding increased as the imitial salt
concentration increased. Mushroom tyrosinase was also adsorbed onto two antibody columns. One column retained
the holoenzyme while the other column retained smaller molecular weight proteins related to the enzyme. All resins
which bound the enzyme resulted in significant purification and removal of contaminating proteins compared to
crude samples. These results suggest that mushroom tyrosinase can be purified and characterized using inhibitors,

phenolics, alkyl groups, and antibodies coupled to solid supports.

INTRODUCTION

Affinity chromatography, and more recently hydropho-
bic adsorption chromatography, has proven to be a
powerful technique in the isolation and purification of
biological molecules. Even as early as 1953, Lerman [1]
showed that phenolic and substituted benzoic acid in-
hibitors of mushroom tyrosinase (monophenol-mono-
oxygenase, EC 1.10.3.1) coupled to cellulose could be
used as effective affinity adsorbents. More recently, Gut-
terridge and Robb [2] coupled a competitive inhibitor of
mushroom tyrosinase, 4-aminobenzoate, to Sepharose
4B and showed that this affinity adsorbent was useful for
the purification of the enzyme. At approximately the
same time, O’Neill et al.[3] coupled phenolic, catecholic,
and benzoic groups to Sepharose 4B, aminophenyl
bearing glass, and p-aminobenzyl cellulose to investigate
which adsorbent showed specificity for the mushroom
enzyme. Of these adsorbents, dopamine affinity columns
were capable of retaining the enzyme from crude samples.
Unfortunately these columns were found to undergo
oxidation and could not be used repeatedly. A similar
approach was used by Yonekura et al. [4] to purify the
phenoloxidase from housefly larvae. These investigators
used phenylalanine, p-aminobenzoate, a p-aminobenzo-
ate derivative, and N-acetyl-L-phenylalanine as affinity
resins. Of these only the p-aminobenzoate derivative
appeared to bind polyphenoloxidase to any great extent.

Abbreviations. 2-Mercaptobenzimidazole, MBI; 2-mercapto-
benzothiazole, MBT; methimazole, met; L-mimosine, mim, tro-
polone, tro; anti-mushroom tyrosinase A antibodies, anti-MTA;
anti-mushroom tyrosinase B antibodies, anti-MTB.

Menon and Haberman [5] used a different approach and
coupled 3-iodotyrosine to Sepharose. This inhibitor
coupled resin separated two or three isoenzyme forms
and resulted in partial purification of the enzyme.
None of these studies investigated the possible use of
hydrophobic adsorption or immunoaffinity chromato-
graphy, although Lerman [1] noticed that high salt
increased nonspecific adsorption. This technique was
used by Flurkey and Jen [6-9] to purifly peach poly-
phenoloxidase. Later the method developed by Flurkey
and Jen was adapted by Wisseman and Lee [10] and
Wisseman and Montogomery [11] for the purification of
grape and pear polyphenoloxidases. Few advances in
immunoaffinity chromatography of mushroom tyrosin-
ase or related enzymes have been reported except for that
by Goldhirsh and Whitaker [12]. They used immuno-
affinity columns to isolate mushroom tyrosinase.
Recently, Kahn and Andrawis [13] have investigated
the effect of tropolone, methimazole, L-mimosine, 2-mer-
captobenzimidazole, and 2-mercaptobenzothiazole on
mushroom tyrosinase. Most of these inhibitors were
characterized by low k_’s or low 15, ’s. Some of them were
reported to be copper' chelators also. Although most of
the affinity resins for mushroom tyrosinase have been p-
aminobenzoic acid or p-aminobenzoic acid derivatives,
the above inhibitors might be a more useful ligand. In
view of the above, we decided to investigate if any of these
inhibitors could be used as affinity adsorbents under low
salt conditions (affinity) or high salt conditions (hydro-
phobic). Several alkyl and phenyl derivatives were also
tested to determine if they could be used as affinity
adsorbents for mushroom tyrosinase. Lastly, we pre-
pared two different antibody (immunoaffinity) adsor-
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bents to determine their usefulness in the purification of
mushroom tyrosinase.

RESULTS

Two immunoaffinity resins were prepared by coupling
anti-mushroom tyrosinase (anti-MTA) to CNBr acti-
vated Sepharose. Anti-MTA antibodies were produced
against holoenzyme preparations. Anti-MTB antibodies
were produced using a 26000 protein from purified
mushroom tyrosinase preparations as the antigen [14].
When crude tyrosinase preparations were passed
through anti-MTA columns major proteins of 47-48,
44-45,24-26, 13-15, and a minor protein of 12-14 x 103
were adsorbed and eluted from the columns at high pH
(Fig. 1 lane 7). These proteins which cross-reacted with
anti-tyrosinase antibodies will be referred to as a,b,c,d,
and e respectively. Passage of a similar sample over anti-
MTB columns showed that proteins a,b, and a small
amount of e were not adsorbed while significant amounts
of proteins ¢, d, and e were adsorbed. Since most of the
enzyme activity was not adsorbed onto the anti-MTB
column, the catalytic site must be present as a or b
subunits. The M,s of a and b correspond closely to the
reported M, for the large subunit of mushroom tyrosin-
ase while that for d and e corresponds closely to that
reported for the small subunit [15-17]. This suggests that
protein ¢ may be either a dimer of the small subunit, an
inactive enzyme fragment, or a contaminant within the
enzyme preparation. Both columns, especially anti-
MTA, resulted in significant purification of the bound
enzyme forms compared to the composition of the crude
enzyme samples (compare lanes 7 and 11 to lane 3 and 8
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in Fig.1) and demonstrate the usefulness of immunoaffin-
ity chromatography applied to mushroom tyrosinase.
These results also indicate that even though mushroom
tyrosinase is the major component in commercial enzyme
preparations a significant number of other proteins are
present. The yields from the immunoaffinity columns
were not as great as one would expect and suggest that
much of the enzyme activity was lost or adsorbed onto
the column (Table 1).

When mushroom tyrosinase was subjected to affinity
chromatography under low salt conditions, the enzyme
was adsorbed onto MBI, MBT, and met ligands coupled
to CNBr activated Sepharose (Table 1). In general, the
percent recovery was good but the percent enzyme
bound was relatively low. Only mimosine coupled to
epoxy activated Sepharose showed significant binding of
tyrosinase. Yields and recoveries were generally lower for
all ligands coupled to epoxy activated Sepharose. Mimo-
sine coupled to Tresyl activated resins did not show as
much binding as either CNBr or epoxy activated resins.
Analysis of the bound protein fractions by SDS PAGE
showed that the MBI, MBT, met, and mim columns
retained proteins a, b and small amounts of ¢ (Fig. 2a)
Two additional proteins between 55 000 and 70 000 were
also present in the bound fractions but we do not know if
they are related to mushroom tyrosinasa. These bands
did appear in all bound fractions in all chromatography
runs.

Affinity chromatography of mushroom tyrosinase on
phenolic substituted resins indicated that the enzyme was
retained on phenylbutylamine agarose, but not on
phenyl, phenylalanine, phenylboronic, or tyrosine sub-
stituted resins (Table 1). Although not readily apparent in

Fig. 1. SDS PAGE of immunoaffinity column fractions and crude mushroom tyrosinase. Lanes 1,4, and 12

contained M, markers.Lanes 2,3, and 8 contained ca 15, 30, and 100 ug of resuspended mushroom tyrosinase solid

respectively. Lanes 5 and 6 were unadsorbed fractions from anti-MTA columns. Lane 7 contained proteins from

the bound fraction of anti-MTA columns. Lanes 9 and 10 contained proteins from unadsorbed fractions from anti-

MTB columns while lane 11 contained proteins from the adsorbed fractions. Approximately one-sixth of the total

fraction volume (adsorbed and unadsorbed) was precipitated with TCA and subjected to SDS PAGE for lanes 5-7
and 9-11. Letters (a-e) refer to major proteins associated with tyrosinase.
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Table 1. Affinity chromatography of mushroom tyrosinase*

mg ligand/ % enzyme % enzyme

Type of affinity column g resin bound recovered
(A) CNBr activated resins

MBI 12 38 93

MBT 12 25 35

met 09 44 95

mim 5.5 4 65
(B) Epoxy activated resins

MBI 4.1 2 77

MBT 46 2 63

met 9.1 4 65

mim 3.7 49 49

tro <0.1 <1 72
(C) Tresyl activated resins

mim 0.6 13 67
(D) Phenolic substituted resins

phenyl — <1 68

phenylalanine — 2 79

phenylboronic — <1 78

phenylbutylamine — 27 30

tyrosine — 2 72
(E) Immunoaffinity resins

anti-MTA — 36 36

anti-MTB — 8 80

* The % enzyme bound was determined from the ratio of adsorbed enzyme
to the total amount of enzyme applied to each column. The % recovery was
calculated from the ratio of unadsorbed and adsorbed enzyme to the total

amount of enzyme applied.

Fig. 2a, very small amounts of proteins a and b were
found in the bound fractions eluted from phenylbutyl-
amine columns (Fig.2). However, these may have been
bound through electrostatic interactions rather than
through affinity interactions since the amino group could
be charged at pH 6.0.

Under conditions suitable for hydrophobic adsorp-
tion, most of the inhibitor affinity resins showed de-
creased enzyme recovery and lower amounts of enzyme
bound (Table 2). Only MBI and MBT coupled to epoxy
activated Sepharose appeared to bind appreciable
amounts of the mushroom enzyme. Greater amounts
were retained on epoxy activated resins compared to
CNBr activated resins. However, some of this protein
may be inactive enzyme since the recoveries were much
lower. All adsorbed fractions contained proteins a—e in
variable amounts (Fig. 2b). In contrast to SDS-PAGE
patterns from affinity columns, the SDS-PAGE patterns
of bound protein fractions from hydrophobic columns
contained more of proteins c—e.

Mushroom tyrosinase was also adsorbed onto phenyl
and phenylbutylamine Sepharose under hydrophobic
conditions. Once again, the recoveries and percent en-
zyme bound were low. Analysis of the bound fractions by
SDS PAGE showed that only two proteins were retained
on phenyl columns (a and b) while four proteins (a,b,d.e)
were recovered from phenylbutylamine columns (Fig.
2b). Phenylbutylamine columns also appeared to be
somewhat selective in that more of protein b was retained
in comparison to protein a. The reasons for this selectiv-
ity are not known at present.

In the above studies the inhibitors and antibodies were
coupled directly to the resins without the use of a spacer
arm, although epoxy activated Sepharose contains a long
hydrocarbon arm. To determine what effect the spacer
arm might have on retention and &ydrophobicity, the
enzyme was chromatographed on several resins contain-
ing increasing alkyl chain lengths. The enzyme was par-
tially retained on blank agarose through hexy! columns
run under conditions which promoted hydrophobic in-
teractions (Fig. 3). As the alkyl chain length increased the
percent enzyme bound also increased. A minimum chain
length of C, to C4 was needed for adsorption under these
conditions. When the chromatography was carried out at
higher salt concentrations, the enzyme was adsorbed
onto shorter alkyl chain length columns. Surprisingly, at
50% ammonium sulphate, the enzyme was completely
adsorbed onto all alkyl columns as well as blank agarose
columns. On blank agarose columns this adsorption
increased from 20 to 40 to 100% as the salt concentra-
tions increased from 12.5 to 25 to 50% saturation. There-
fore, the presence of an alkyl spacer arm may result in
nonspecific adsorption of enzyme under high salt condit-
ions.

DISCUSSION

Numerous reports have recently appeared in the litera-
ture using commercial sources of mushroom tyrosinase
{12, 13, 18-28]. Of these, only a few reports have shown
the purity of the starting material or have attempted to
purify the partially purified commercial enzyme [12, 14,
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Fig. 2. SDS-PAGE of enzyme adsorbed to resins run under affinity or hydrophobic conditions. In A. samples

from affinity columns were TCA precipitated and subjected to SDS PAGE. Lane 6 contained molecular weight

markers. Lanes 1-5 contained sample from enzyme bound to MBI (1), MBT (2), met (3), and mim (4) coupled to

CNBr activated resins and phenylbutylamine agarose (5). In B, samplles were run under hydrophobic conditions

and the bound fractions were TCA precipitated and subjected to SDS PAGE. Lane $ contained M, markers. Lanes

1-4 contained absorbed enzyme bound to MBI (1) and MBT (2) coupled to epoxy activated resins, phenyl (3) and
phenylbutylamine (4) columns.

23, 26, 28]. Our results indicate that other proteins the commercial enzyme are somewhat suspect to inter-
besides mushroom tyrosinase are present in commercial pretation since homogeneous enzyme was probably not
sources of the enzyme (Fig. 1). Thus, studies employing  used. Even though the commercial enzyme is not pure, it
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Table 2. Hydrophobic chromatography of mushroom tyrosinase*

Type of affinity column

mg ligand/g resin

% enzyme bound % enzyme recovered

(A) CNBr activated resins

MBI 12

MBT 12

met 09

mim 5.5
(B) Epoxy activated resins

MBI 4.1

MBT 46

met 9.1

mim 3.7

tro <0.1
(C) Tresyl activated

mim 0.6
(D) Phenolic substituted resins

phenyl

phenylalanine
phenylboronic
phenylbutylamine
tyrosine

<1 58
5 27
2 65
4 56
37 44
10 11
4 54
1 54
< 1 64
3 54
30 52
< 1 58
<1 50
19 44
1 38

*The % enzyme bound and the % recovery was determined as described in Table 1 and in the

Experimental section.

% enzyme bound

A

2 3 4 5 6

7 8 9 10 1112
Alkyl chain length

Fig. 3. Hydrophobic adsorbtion chromatography of mus-

hroom tyrosinase on increasing alkyl chain length columns. The

% enzyme bound was calculated from the ratio of bound

enzyme to the amount of enzyme eluted in the high salt and low

salt fraction. Columns were run at 12.5(O), 25 (@), and 50 (O)

% saturation respectively. Chromatography was carried as de-
scribed in the Experimental section.

does represent a useful starting material to examine the
application of affinity chromatography in the purifi-
cation of mushroom tyrosinase.

The inhibitors, mim, met, MBI, and MBT, reported by
Kahn and Andrawis [13] can be used as suitable ligands
for affinity chromatography of mushroom tyrosinase.
Under these conditions the enzyme was more likely to be
adsorbed to MBI, MBT, and met coupled to CNBr
activated resins than to epoxy activated resins. In con-
trast, the enzyme was more likely to be adsorbed to mim
coupled to epoxy and Tresyl resins than to CNBr acti-

PHYTO 27-6 - C

vated resins. This may be a result of different functional
groups on the ligand coupling to each support. Resins
containing tropolone did not bind the enzyme appreci-
ably. Thus, the type of ligand and choice of solid support
can affect the amount of enzyme adsorbed. Similar
observations were reported by O’Neil et al. [3] and
Yonekura et al. [4]. Recoveries and percent enzyme
adsorbed to each resin were also similar to those re-
ported earlier [1-5]. Unlike Gutteridge and Robb [2]
and Yonekura et al. [4] we did not succeed in obtaining
homogeneous enzyme when the adsorbed fractions were
analyzed by SDS-PAGE. However, neither of the above
two investigations subjected the preparations to SDS-
PAGE, instead they used native PAGE as a criteria of
purity. In any case, affinity chromatography of tyrosinase
on inhibitor columns resulted in significant removal of
contaminating proteins. Unfortunately, two proteins of
higher M, were consistently adsorbed onto all affinity
columns. We do not know if they are related to mush-
room tyrosinase, but this could be tested by Western
blotting. We also observed that all mim coupled resins
turned orange with time starting from the top of the
column downward (data not shown). Presumably this
occurs through some oxidation mechanism and may be
related to a similar phenomenon reported by O’Neil et al.
[3] for oxidation of dopamine bound ligands on Sep-
harose. Oxidation of bound mimosine would obviously
limit the usefulness of this resin. However, we have
noticed that the enzyme still binds to the coloured
columns.

Under conditions suitable for hydrophobic chromato-
graphy more enzyme was bound to epoxy resins contain-
ing MBI and MBT than to CNBr activated resins
containing the same ligands. Recoveries and percent
enzyme bound were much lower than under affinity
conditions, but the yield appeared to be greater when
analysed by SDS-PAGE. The additional yield of protein
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detected by SDS-PAGE may represent inactive enzyme
accumulation. Hydrophobic chromatography on these
resins also resulted in the adsorption of more of the
26000, 15000 and 13000 proteins. Tyrosinase was
adsorbed onto phenyl! Sepharose under high salt condi-
tions much like that reported for peach [6-9], grape [10],
and pear [11] polyphenolxidase. Unlike the above re-
ports, yields and recoveries were much lower. The bound
fraction from phenyl Sepharose columns did not contain
the lower M, proteins and suggests that chromatography
on this resin may be useful in separation or purification
of the large subunit of tyrosinase. Hydrophobic chroma-
tography on phenylbutylamine columns was somewhat
more selective in that one of the two higher M, subunits
was retained in greater proportion than the other. The
enzyme was not adsorbed onto phenylalanine or tyrosine
resins. These results confirm earlier reports by Flurkey
and Jen [29]. We did notice, however, that tyrosine
columns turned orange as the enzyme was passing
through the column (data not shown). Because of the low
recoveries from this resin, perhaps the enzyme was per-
manently adsorbed onto the column.

Hydrophobic chromatography on columns substi-
tuted with various alkyl chain lengths indicated that the
enzyme could be adsorbed onto the spacer arm without
an attached ligand. Under relatively mild hydrophobic
conditions, the enzyme was adsorbed onto octyl, decyl,
and docecy! columns. Increasing the salt concentration
increased retention and binding to shorter alkyl chain
lengths. These findings were similar to those reported by
Flurkey and Jen [29] for peach polyphenoloxidase, who
observed that the enzyme was slightly retained on hexyl
and fully retained on octyl columns. Iborra et al. [30]
also observed that greater amounts of dopa oxidase were
adsorbed as the alkyl chain length increased. At very high
salt concentrations the enzyme was adsorbed onto all
alkyl columns as well as blank agarose columns. The
reason for this observation is not known but may be
related to protein crystallization on solid supports under
high salt concentrations [31, 32]. Binding of the enzyme
to spacer arms under high salt conditions may be a
problem in gradient elution of the enzyme¢ from ion
exchange columns and may account for lower recoveries
than expected.

Immunoaffinity chromatography of mushroom tyro-
sinase resulted in significant purification of the enzyme
compared to crude samples. Our recoveries were some-
what better than those reported by Goldhirsh and
Whitaker [12]. Likewise our SDS-PAGE patterns of
bound enzyme were much different than the above in-
vestigators who estimated M, of 105000, 53000, and
23000 for the mushroom enzyme purified by immuno-
affinity chromatography. They also observed that
immunoaffinity purified tytosinase did not contain a
12000 component that was present in hydroxylapatite
purified preparations. We did find a 13-15000 and
12-13000 component after immunoaffinity chromato-
graphy, suggesting that perhaps our antibody recognizes
the L subunit while theirs did not. The tyrosinase purified
by immunoaffinity chromatography in this report con-
tained similar M, proteins found in purified mushroom
tyrosinase preparations purified by classical techniques
[15-17].

The use of immunological techniques has significant
application to mushroom tyrosinase. For example, Khan
and Ali [26-28] used antibodies against the native en-
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zyme to explore tyrosinase conformation and structure.
They also showed that the Cu cofactor was not required
for immunological cross reaction and the antigenic sites
were distinguishable from the catalytic sites. Podila and
Flurkey [14] have also shown that antibodies can be
used to identify the translatior products of mushroom
tyrosinase. They suggested that the H and L may be
translated from different genes since two distinct trans-
lation products were synthesized in vitro. It should also
be possible to raise antibodies against the H and L
subunits, isolate each individually, and examine what
role L plays in relation to H subunits.

During the course of this investigation we encountered
many of the same problems reported by others concern-
ing affinity chromatography of mushroom tyrosinase.
This was expected due to the nature of using inhibitors as
the affinity ligand. Yields, recoveries, as well as the ability
to reuse certain resins were the major problems encoun-
tered. Although the inhibitor ligands chosen in this study
had low K;s, they can be used effectively in place of the
more common p-amino benzoic acid derivatives as affin-
ity resins to purify mushroom tyrosinase. Their useful-
ness depends upon the presence or absence of a spacer
arm, choice of solid support and method of coupling, and
the type of chromatography employed. The results from
this study may aid in the rapid purification and charac-
terization of the tyrosinase from a variety of sources.

EXPERIMENTAL

Materials. The following materials were purchased from
Sigma Chemical Co.: L-mimosine; tropolone; L-dihydroxyphen-
ylalanine (L-DOPA); mushroom tyrosinase (grade III, lot no.
84F-9640); cyanogen and epoxy activated Sepharose; agarose
resins containing covalently bound phenyl, phenylalanine, phen-
ylbutylamine, and tyrosine; alkyl columns containing covalently
bound ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, decyl. and
dodecyl groups; and phenylboronic acid coupled to agarose.
Methimazole, 2-mercaptobenzimidazole, and 2-mercaptoben-
zothiazole were obtained from Aldrich Chemical Co. Tresyl
chloride activated Sepharose was obtained from Pharmacia
Fine Chemicals.

Preparation of affinity columns. Each inhibitor (50 mg) was
dissolved in 10 ml of 0.1 M NaHCO, and 0.5 M NaCl at pH 8.3.
Methimazole was gently heated, | ml of EtOH was added to
MBI, and 1 mi of EtOH and | ml of Me,CO was added to MBT
in order to solubilize them. Coupling of the inhibitors, blocking
of activated groups, and post coupling washing of the resins
were carried out according to established procedures and the
manufacturers instructions [33]. Each resin was suspended in
0.01 M Na-Pi buffer {pH 6.0 containing 0.01% NaN,, wrapped
in Al foil, and stored at 4° until used. The molar absorbtivity was
determined for each ligand experimentally. This coeflicient was
used to caleulate the amount of ligand not coupled. Substraction
from the total ligand mass yielded the amount of bound ligand.

Affinity chromatography. Each resin, approximately 1 ml, was
packed into a small column and equilibrated with 0.01 M Na-Pi
buffer (pH 6.0). Mushroom tyrosinase (100-250 ug of solid
powder) was dissolved in a small amount of equilibration buffer
and applied to each column. The columns were washed with 10
ml of equilibration buffer and the fraction collected. Enzyme,
adsorbed to the resin, was eluted with 0.5 M Na-Pi buffer (pH
6.0} in a 10 ml fraction. In some experiments, the columns were
washed with 10 ml of 0.1 M acetate buffer (pH 4.0) containing 0.5
M Na(l followed by 10ml of 25% ethyleneglycol to determine
if enzyme was still adsorbed. All columns were run at 25°. The
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amount of enzyme bound was determined quantitatively by
enzyme assays and qualitatively by SDS-PAGE.

Hydrophobic chromatography. Each resin, approximately 1
ml, was packed into a smail column and equilibrated with 0.01
M Na-Pi (pH 6.0) containing either 12.5, 25 or 50%
(NH,), SO,. Mushroom tyrosinase (100250 ug solid powder)
was dissolved in the equilibration buffer and applied to each
column. The columns were washed with 10 ml of equilibration
buffer and the fraction collected. Adsorbed enzyme was eluted
from the resin by washing the columns with 10 mi of 0.01 M Na-
Pi (pH 6.0). Columns were washed with 25% ethylene glycol to
remove tightly bound enzyme.

Immunoaffinity chromatography. Antibodies were prepared
against the mushroom tyrosinase holoenzyme (anti-MTA) and
against a 23-26 000 protein (anti-MTB) as described earlier
[14]. The IgG fraction obtained from (NH,), SO, pptn of each
antisera was coupled to CNBr activated Sepharose [33]. Each
immunoaffinity resin was packed into a small column and
equilibrated with 50 ml of phosphate buffercd saline. Mushroom
tyrosinase (250 ug of solid powder) was dissolved in the equilibr-
ation buffer and recycled onto the column via a peristaltic pump
for 2 hr at 25°. The columns were washed with phosphate
buffered saline to remove nonadsorbed proteins.The enzyme
was eluted from the affinity columns with 0.25 M Tris (pH 10.0).

Enzyme assays and electrophoresis. Mushroom tyrosinase was
assayed in 2 ml of 0.05 M Na-Pi buffer (pH 6.0) containing 10
mM catechol. The increase in absorbance was monitored at 410
nm in an Hitachi 100600 recording spectrophotometer. The
initial velocity was determined from the linear portion of the
curve. One unit of activity was defined as a change of 1.0
absorbance unit per min at 410 nm [9]. SDS-PAGE was perfor-
med on selected samples from resins cohtaining adsorbed en-
zyme. Samples were pptd with trichloroacetic acid, washed with
Me,CO, and dissolved in two-fold concentrated Laemmli buffer
before application onto SDS-PAGE [14]. Protein content of the
commercial resuspended powder could not be determined with
certainty using either the Lowry or Bradford protein assay,
probably because of the brown pigments present. Therefore, the
same amount of resuspended solid powder was applied to each
column.
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