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Abstract-A model system is presented to explain how tyrosinase, an enzyme 
unique to pigmented cells such as normal and malignant melanocytes can oxidize 
[‘HI-estradiol to radiolabeled products which closely resemble the tight binding of 
[‘HI-estradiol to estrogen receptor. In the modelsystem studied, tyrosinaseoxidized 
[2,4,6,7-3H]-estradiol to [‘HI-water and [‘HI-estradiol metabolites, the latter of 
which formed ring-substituted conjugates with nucleophiles like monothio- 
glycerol and BSA. Radiolabeled estradiol without tritium in the C-2 position (i.e. 
[6,7-3H]-estrudiol) failed to liberate [3H]-water when exposed to tyrosinase but, 
nevertheless, did form ring-substituted [‘HI-estrudiol adducts with nucleophiles. 
The [‘HI-water and the ring-substituted radiolabeled products possessed several 
characteristics of a genuine estrogen receptor protein in that they were resistant to 
dextran-coated charcoal (DCC) adsorption and their enzymatic formation was 
inhibited with non-steroidal estrogens like diethylstilbestrol. Other natural 
(estradiol) and synthetic (hydroxytamoxijen) estrogens which contain the phenol 
grouping aLso inhibited the enzymatic oxidation of [‘HI-estradiol. Although it was 
difficult to differentiate estrogen receptor from tyrosinase using the conventional 
DCC assay system, several differences in these two proteins permitted a distinction 
to be made between them. First, tyrosinase oxidation of[‘H]-estrudiol wasmarkedly 
inhibited by sulfhydyl reducing agents (monothioglycerol) that stabilize [‘HI- 
estradiol binding to estrogen receptor. Second, estrogen receptor adsorbed by 
hydroxylapatite whereas tyrosinase did not, thus permitting the separation of these 
two proteins prior to incubation with [‘HI-estrudiol. We conclude that the [‘HI- 
estradiol binding components in melanoma previously reported to be estrogen 
receptor probably represent instead the radiolabeled products of the tyrosinase- 
catalyzed oxidation of [‘HI-estradiol. 

INTRODUCTION 
ESTROGENS have been shown to invoke marked 
alterations in the growth behavior of malignant 
melanoma in both animal model systems [l-3] 
and in humans [4-71. In humans the clinical 
course of melanoma often changes with the onset 
of puberty [4,6], pregnancy [7] and the inception 
of contraceptive estrogens [5], which supports the 
notion that this disease is estrogen-dependent. 
The mechanism(s) whereby estrogens augment 
the growth behavior of malignant melanoma 
remain obscure; however, because estrogen 
receptor mediates the biological effects of 
estrogens in breast tumors [8,9], it seems possible 
that malignant melanoma might also contain an 
estrogen receptor which modulates the action of 
estrogens. 
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Indeed, an estmdiol-binding component has 
been described in the soluble extracts of some 
melanoma biopsies [lo-141. Curiously, however, 
no correlation has been found between the few 
anecdotal cases reported of response of melanoma 
to antiestrogen (tamoxifen) therapy [IS, 15,16-191 
and the presence of the putative tumor estrogen 
receptor. This suggests that the estrogen receptor 
in melanoma is either present but non-functional 
or that the [3H]-estradiol binding component( s) is 
an artefact of the assay system used to measure this 
component. 

One of the distinguishing features of normal 
and malignant melanocytes is their unique 
capacity to synthesize the complex polymer 
melanin via the enzymatic oxidation of tyrosine 
[20-221. Tyrosinase catalyzes the orthohydroxyla- 
tion of tyrosine to L-dopa and the consecutive 
oxidation of L-dopa to dopaquinone, which then 
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spontaneously rearranges and polymerizes to 
melanin (Fig. 1). Tyrosinase-catalyzed hydroxy- 
lation of monophenols consists of the insertion of 
one atom of molecular oxygen into the substrate 
ortho to the hydroxyl group already present 
[ZO, 221. This gives rise to an orthocatechol and 
one water molecule. If the substrate contains 
tritium at the site of hydroxylation it is 
enzymatically abstracted from the substrate in the 
form of [3H]-water [20]. Thus the generation of 
C3H]-water from [3,5-jH]-tyrosine has served as an 
index of the hydroxylase activity of tyrosinase. 

Tyrosinase is not highly substrate-selective 
[23]. In fact, Bolt et al. [24,25] observed that the A 
ring of [rH]-estradiol is hydroxylated to 2- 
hydroxyestradiol, which is then consecutively 
oxidized to an orthoquinone. They reported that 
the highly electrophilic orthoquinones of the 
radiolabeled estradiol covalently coupled with the 
electron-rich sulfhydryl and amino groups of 
glutathione, proteins and nucleic acids, rendering 
the ring-substituted radiolabeled estradiol more 
water-soluble. Furthermore, if tritium was 
present in the substrate at the site of hydroxy- 
lation it was enzymatically released from the 
substrate in the form of [3H]-water, just as [3H]- 
water is generated from the enzymatic hydroxy- 
lation of [3,5-3H]-tyrosine [ZO]. 

Because the- monophenol hydroxylase and 
catechol oxidase activities of tyrosinase have been 
highly conserved throughout evolution and 
because these two tightly coupled enzymatic 
functions are essentially identical regardless of the 
enzyme source [22], it is not unreasonable to 
speculate that mammalian tyrosinase, often 
present in melanoma in copious amounts, might 
also attack and oxidize [‘HI-estradiol, as pre- 
viously reported for tyrosinase derived from other 
sources [24,25]. In this context it is interesting to 
speculate on how tyrosinase, present in the 
soluble extracts of malignant melanoma, might 
influence the quantification of [3H]-estradiol 
binding components in this tumor. 

In order to provide an alternative explanation 
for the presence of estrogen receptor in melanoma, 

we describe here a model system which shows that 
the radiolabeled oxidation products generated by 
the tyrosinase-catalyzed oxidation of [3H]- 
estradiol mimic many of the properties of the 
binding of [3H]-estradiol to a genuine estrogen 
receptor protein. 

MATERIALS AND METHODS 
Materials used in this study were purchased 

from Sigma, with the exception of [6,7-3H]- 
estradiol and [2,4,6,7-3H]-estradiol, which were 
obtained from New England Nuclear, and 
tamoxifen and hydroxytamoxifen (Compound 
E), which were kindly provided by ICI, London, 
U.K. 

Tyrosinase (Agaricus bisporis) was prepared in 
Tris buffer, pH 7.2. Breast tumor cytosol, which 
had previously been identified as an estrogen 
receptor-positive tumor, was prepared from a 
frozen tumor powder in Tris buffer, pH 7.2, 
containing 0.0015 M EDTA, 10% glycerol and 
1 mM of monothioglycerol (MTG). 

Dextran-coated charcoal assay 
Tyrosinase (l-2 pg/ml) or breast tumor cytosol 

(2 mg/ml) were incubated with [2,4,6,7-‘HI- 
estradiol (5-10 nM) or with [6,7-3H]-estradiol 
(5-10 nM) in a total incubation volume of 200 ~1 
in Tris buffer, pH 7.2, at 0-4°C. All assays were 
performed in duplicate. Where indicated in the 
text, tubes contained, in addition to the 
radioligands, a loo-fold molar excess of diethyl- 
stilbestrol (DES), 1 mg/ml BSA, 1 mM MTG or a 
combination of DES plus MTG or BSA. After 3 or 
15 hr the incubation mixture was transferred to a 
pellet of dextran-coated charcoal (formed by 
sedimenting a 1 ml suspension of 2.5 mg Norit A 
charcoal, 0.025 mg dextran/ml Tris buffer, 
pH 8.0) to adsorb free [3H]-estradiol. After 30 min 
at 0°C the charcoal was sedimented by centrifuga- 
tion (1000 g). The supernatant was combined 
with scintillation fluid and the radioactivity 
determined in a Beckman scintillation counter 
with a counting efficiency of 30-40%. 
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Fig. 1. Biosynthetic pnfhway of melanin synthesis. 
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Hydroxylapatite (HAP) assay 
Tyrosinase and breast tumor cytosol were 

assayed according to the HAP method described 
by Garola and McGuire [26]. Two hundred 
microliters of tyrosinase or breast tumor cytosol 
were combined with 100 ~1 of HAP prewashed in 
Tris buffer, pH7.2. The HAP was resuspended 
periodically and, after 30 min, sedimented by 
centrifugation at 300 gfor 5 min. The supernatant 
was decanted. The HAP pellet was washed twice 
with 1 ml Tris buffer. To the washed HAP pellet 
was added 200 ~1 of 5 nM [2,4,6,7-3H]-estradiol or 
5 nM [6,7-3H]-estradiol in the presence and in the 
absence of a lOO-fold molar excess of DES. After a 
3-hr incubation at 0°C the HAP was washed twice 
with 2 ml of Tris buffer. Scintillation fluid (3 ml 
Beckman HP) was added directly to the HAP 
pellet. The HAP was suspended and then poured 
directly into a scintillation vial. Radioactivity 
which partitioned into the scintillation fluid was 
determined after the HAP had settled in the 
scintillation vial. 

RESULTS 

Tyrosine-catalyzed liberation of [3H]-H20 from 
[3H]-estradiol 

To confirm earlier reports [24,25] that 
tyrosinase generates [3H]-water from r3H]- 
estradiol when tritium is present in the substrate 
at the C-2 position, we compared the formation of 
DCC-resistant radiolabeled products following 
the incubation of [6,7-3H]-estradiol and [2,4,6,7- 
‘HI-estradiol with tyrosinase. As a control,‘a 
breast tumor cytosol previously shown to be 
estrogen receptor-positive was incubated with the 
same two tritiated ligands. The results are 
presented in Table 1. As expected for a genuine 
estrogen receptor protein, the breast cytosol 
contained near-equimolar concentrations of C3H]- 
estradiol binding sites whether the 2- or the 4- 
labeled [‘HI-estradiols were used as the binding 
ligand. In striking contrast, high concentrations 
of DCC-resistant radioactive components were 
generated from the incubation of the [2,4,6,7-)H]- 
estradiol with tyrosinase which were not present 
when [6,7-3H]-estradiol was used as the binding 

ligand, affirming previous reports [24,25] that 
tyrosinase abstracts tritium from the C-2 position 
of [2,4,6,7-3H]-estradiol. 

Tyrosinase-catalyzed oxidation of [3H]-estradio1: 
enzyme inhibition by DES and heat 

Previous reports of estrogen receptor in 
malignant melanoma [lo-131 have based results 
on the primary tenets that following incubation 
of [3H]-estradiol with tumor extracts any 
radioactivity resistant to DCC adsorption and 
diminished in the presence of a non-steroidal 
estrogen such as DES, which has a very low 
affinity for serum [‘HI-estradiol binding proteins, 
is representative of a specific estradiol protein- 
perhaps an estrogen receptor. Further proof that 
the [‘HI-estradiol binding component is an 
estrogen receptor is derived from experimental 
evidence that the binding component is heat 
labile. We have shown (Table 1) that radiolabeled 
products from the tyrosinase-catalyzed hydroxy- 
lation/oxidation of [‘HI-estradiol are resistant to 
DCC adsorption, establishing at least one of the 
above-mentioned criteria of an estrogen receptor. 
Therefore we next determined whether the 
enzymatic degradation of [3H]-estradiol (i.e., the 
formation of [3H]-water from [2,4,6,7-3H]- 
estradiol) is inhibited by DES and prior heat 
denaturation of the enzyme. 

The results are presented in Table 2. When 
denatured by heat, tyrosinase was unable to 
catalyze the oxidative degradation of [‘HI- 
estradiol. DES markedly inhibited the formation 
of [‘HI-water by 3 hr (97%), but less so by 15 hr 
(47%). Total DCC-resistant radioactivity pro- 
duced as a result of the enzymatic hydroxylation 
of [3H]-estradiol was equivalent at 3 and 15 hr 
simulating the time-dependent saturation of 
estrogen receptor by [3H]-estradiol. The DCC- 
resistant radioactivity represented slightly more 
than one-fourth of the total tritium label 
originally added to the incubation. Thus the 
time-dependent pseudo-saturation of the ap- 
parent [‘HI-estradiol binding component could 
be attributed to tritium being exhaustively 
liberated from the C-2 position of [2,4,6,7-3H]- 
estradiol in the form of r3H]-water. 

Table 1. Comparison of DC&es&ant radiolabeled products after incubation of 
breast tumor extracts 07 tyrosinase with [‘HI-estradiol 

Protein [2,4,6,7-3H]-Estradiol* [6,7-‘HI-Estradiol* 

Breast tumor extract? 196 225 
TyrosinaseS 973 38 

*5 nM final concentrations of [2,4,6,7-‘HI- and [6,7-‘HI-estradiols. 
t2 mg/ml protein concentration. 
$2 I.rg/ml protein concentration. 
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Interaction of the tyrosinase-generated oxidation 
products of [3H]-estradiol with nucleofihilic 
components of the incubation system 

We have shown that tyrosinase is capable of 
liberating tritium from the C-2 position of 
[2,4,6,7-‘HI-estradiol in the form of r3H]-water. 
However, the intermediary [4,6,7-3H]-2-hydroxy- 
lated estradiol is further oxidized by tyrosinase to 
its respective 2,%quinone, which according to 
Bolt and Kappus [24] reacts covalently with 
nucleophiles present in the reaction mixture. To 
confirm that the oxidized products of [3H]- 
estradiol will indeed form covalent adducts with 
nucleophiles present in the DCC assay system 
described herein, a low- and a high-molecular- 
weight nucleophile were included in the [3H]- 
estradiol : tyrosinase assay system. Respectively, 
MTG and BSA were chosen as prototype 
nucleophiles because the low-molecular-weight 
sulfhydryl reducing agents are included in the 
buffer systems to assess the estrogen receptor 
content in tumor extracts, and serum albumin is a 
common component of tumor extracts. In 
addition, the 2-labeled and 4-labeled [3H]- 
estradiols were compared to differentiate between 
the formation of DCC-resistant [3H]-water and 
the formation of [‘HI-estradiol adducts (measured 
by the resistance of [6,7-3H]-estradiol: tyrosinase 
reaction products to DCC). 

significantly slowing the rate that tyrosinase 
released [3H]-water from [2,4,6,7-3H]-estradiol; 
and second, by forming what appeared to be 
covalent condensation products with the oxi- 
dation products of [3H]-estradiol (as measured by 
resistance of [6,7-3H]-estradiol: tyrosinase pro- 
ducts to DCC adsorption). 

In contrast, BSA did not alter the rate of [3H]- 
estradiol hydroxylation by tyrosinase; however, it 
did slightly increase the apparent radiolabeled 
binding components, which could not be 
attributed to the formation of r3H]-water. This 
radioactive component(s) was acid-precipitable 
(data not shown), suggesting that the [3H]- 
estradiol was covalently bound to the BSA. 
Although we did not attempt further character- 
ization of the radiolabeled complex, we assume 
that it represents the formation of (a) ring- 
substituted thioether adduct( as reported 
previously for this reaction [24,27,28]. The 
radioactive component thus formed would be 
expected to acquire the physicochemical pro- 
perties of the protein to which the oxidized 
estradiol was bound and migrate on a sucrose 
density gradient corresponding to the molecular 
weight of the protein. 

Ligand specificity of inhibition of tyrosinase: 
[‘HI-estradiol hydroxylation 

The results of Table 3 indicate that MTG 
influenced the oxidative degradation of [‘HI- 

Information derived from the types of ligands 
that competitively inhibit the binding of [3H]- 

estradiol by tyrosinase in two ways: first, by estradiol to tumor extracts generally establish the 

Table 2. Tyrosine-catalyzed oxidation of [‘HI-estradiol: effects of DES and heat 
inactivation on enzyme actiuity 

[2,4,6,7-‘HI-Estradioi+ 
3 hr 15 hr 

[6,7-‘HI-Estradiol* 
3 hr 15 hr 

Control 136 143 2 1 
Heat-inactivated? 9 10 2 1 
+DES$ 9 75 2 1 

‘5 nM final concentrations of [2,4,6,7-?H]- and [6,7-1H]-Estradiol. 
tTyrosinase heat inactivated 90°C for 30 min. 
$lOO-fold molar excess of DES. 

Table 3. Formation of DCE-resistant MTG- and BSA-[‘HI-estradiol adducts from 
tyrosine-catalyzed oxidation of [‘HI-estradiol 

[2,4,6,7-3H]-Estradiol* 
3 hr 15 hr 

[6,7-‘HI-Estradiol* 
3 hr 15 hr 

Control 136 143 2 1 
+BSAt 154 159 5 4 
tBSA/DES$ 8 9 1 1 
+MTG§ 40 151 24 56 
+MTG§/DES$ 17 61 15 23 

*5 nM final concentrations of [2,4,6,7-)H]- and [6,7-‘HI-estradiols. 
71 mg/ml final concentration of BSA. 
$lOO-fold molar excess of DES. 
51 mM final concentration of MTG. 
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specificity of the [‘HI-estradiol binding com- 
ponent. When [‘HI-estradiol binding in tumor 
extracts is competitively inhibited by estrogenic 
ligands, both steroidal and non-steroidal, the 
binding component is generally regarded as 
specific for estrogens. To explore whether a 
parallel exists between the ligand specificity of the 
inhibition of [3H]-estradiol binding to estrogen 
receptor and the inhibition of [3H]-estradiol 
hydroxylation by tyrosinase, we determined 
which types of ligands were able to inhibit these 
two reactions. 

Figures 2 and 3 illustrate that the same panel of 
steroidal and non-steroidal ligands (DES, estra- 
diol, hydroxytamoxifen) that effectively impeded 
the enzymatic hydroxylation of [‘HI-estradiol also 
diminished [3H]-estradiol binding to estrogen 
receptor. Ligands containing only the aromatic 
(tamoxifen) or A-ring ketone grouping (pro- 
gesterone, dihydrotesterone, hydrocortisone) were 
not very effective competitors for either reaction. 
Thus, with the exception of r_-dopa and tyrosine, 
the panel of estrogenic ligands that inhibited 
[3H]-estradiol binding to estrogen receptor were 
remarkably similar to those ligands that inhibited 
the oxidative degradation of [3H]-estradiol by 
tyrosinase. 

In contrast to the above series of ligands, L-dopa 
significantly augmented the enzymatic hydroxy- 
lation of [3H]-estradiol without interfering with 
[3H]-estradiol binding to estrogen receptor. L- 
Dopa influenced the hydroxylation reaction over 

Log molar concentmtion of competitor 

Fig. 2. Tyrosinase (2 pg/ml) was incubated with [2,4,6,7- 
‘HI-estradiol (10 nM) with or without a I-lO,OOO-fold molar 
excess of e&radio1 (E2), diethyistilbestrol (DES), hydroxy- 
tamoxifen (OH-TAM), tamoxifen (TAM), dihydrotesto- 
sterone (DHT), progesterone (PC), hydrocortisone (HC), 
tyrosine (TYR), or L-dopa for 3 hr at 0°C. DCC-resistant 
radioactivity was then determined according to Materials and 
Methods (see dextran-coated charcoal assay). One hundred 
percent control value represents 2.7 pmol DCC-resistant 

radioactivity per t.tg tyrosinase. 

I -TYR R L-DOPA- 
100 

50 

Log mob concentmtkm of competitor 

Fig. 3. An estrogen receptor-positive breast tumor cytosol 
(2 mg/ml) was incubated with [2,4,6,7-‘HI-estradiol (1 nM) 
with 0.5-0.1 mM concentrations of the ligands, as given in 
Fig. 2. One hundred percent control value represents 150 Emol 

DCC-resistant radioactivity per mg cytosol protein. 

the entire concentration range studied (l-lO,OOO- 
fold molar excess) when assessed at the 3-hr time 
point. These results are at variance with a 
previous report [14] that L-dopa inhibits the 
tyrosinase-catalyzed formation of DCC-resistant 
products from [‘HI-estradiol, but in accord with 
reports [20,22] that L-dopa stimulates the 
monophenol hydroxylase function of tyrosinase 
(i.e. will increase the rate that tyrosinase 
hydroxylates monophenols). Although not 
shown, L-dopa did not influence the quantity of 
[‘HI-water formed at the 15-hr time point relative 
to control, whereas the pattern of inhibition for 
the other ligands was generally the same. More 
detailed studies in this laboratory have revealed 
that the difference in the effects of L-dopa at the 3- 
and 15-hr time points is due to differences in the 
rate at which tyrosinase hydroxylated r3H]- 
estradiol. At 3 hr more r3H]-water formed because 
r._-dopa increased the early rate of hydroxylation; 
however, at the 15-hr time point sufficient time 
had elapsed to allow the exhaustive hydroxyla- 
tion of [3H]-estradiol with or without L-dopa. 

Use of hydroxylapatite to distinguish between 
estrogen receptor and tyrosinase 

Breast tumor estrogen receptor protein is often 
quantified after first being adsorbed to HAP to 
remove the receptor from proteolytic enzymes that 
would otherwise degrade the receptor [26]. The 
assay values by the HAP method have been shown 
to closely parallel the values obtained by the more 
routine DCC method [26]. On the other hand, 
Korner and Pawlek [29] reported that mammalian 
tyrosinase will not adsorb to HAP. Thus if 
estrogen receptor and tyrosinase were both 
present in the soluble extracts of melanoma, their 
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separation by selective adsorption of the estrogen 
receptor onto HAP would effectively eliminate 
tyrosinase by washing the HAP-estrogen receptor 
complex and should thus allow a distinction 
between these two proteins. To show that the 
HAP assay system will indeed allow a distinction 
between tyrosinase and estrogen receptor whereas 
the DCC assay system will not, we compared these 
two methods using tyrosinase and an estrogen 
receptor-positive breast tumor cytosol. The effects 
of using the 2-labeled or the 4-labeled [‘HI- 
estradiols as well as the effect of including MTG 
in these two assay systems were also assessed, since 
the location of the tritium in the radioligand and 
the presence of sulfhydryl reducing agents were 
shown to have profound effects on the radio- 
labeled products liberated by the tyrosinase- 
catalyzed hydroxylation/oxidation of [3H]- 
estradiol. 

Table 4 shows that near equimolar amounts of 
estrogen receptor could be quantified in breast 
cytosols by the DCC or the HAP method, by use of 
either the 2-labeled or 4-labeled [‘HI-estmdiols 
and with and without MTG in the assay buffer. 

In contrast, when tyrosinase was assayed by the 
DCC method high concentrations of DCC- 
resistant components (i.e. [3H]-water) formed 
when the radioligand contained tritium in the C-2 
position. The formation of these DCC-resistant 
components was further diminished by the 
addition of MTG to the buffer system. 

When the HAP method was used to assess the 
interaction of tyrosinase on [3H]-estradiol very 
little radioactivity was detectable with either the 
2-labeled or 4-labeled [‘HI-estradiols. This 
apparent radioactive binding component was 
eliminated entirely by the addition of MTG. 

DISCUSSION 
In this investigation we present a model system 

which illuminates how tyrosinase catalyzes the 
oxidative degradation of [3H]-estradiol to radio- 
labeled products that bear a striking resemblance 

to the products from the binding of [3H]-estradiol 
to a genuine estrogen receptor protein when 
characterized by the conventional DCC assay 
system. The DCC assay system, used routinely to 
quantitate the estrogen receptor content in the 
soluble extracts of a variety of different tumor 
types, is based on the well-established principle 
that any radioactivity not removed from the 
incubation mixture by DCC adsorption and 
diminished in the presence of an excess of non- 
steroidal estrogen represents the binding of [3H]- 
estradiol to a specific estrogen binding protein. It 
is assumed further that the parent [3H]-estradiol is 
not metabolically modified during the course of 
the incubation. 

However, as we report here, [3H]-water and 
covalent ring-substituted adducts of [3H]-estradiol 
are formed from the oxidative degradation of 
[‘HI-estradiol by tyrosinase (Fig. 4). Based on the 
DCC assay system, the oxidation products of [‘HI- 
estradiol closely mimicked the binding of r3H]- 
estradiol to estrogen receptor in that the 
oxidation products were resistant to DCC 
adsorption, their enzymatic formation was 
inhibited by steroidal and non-steroidal estrogens 
and the covalent radiolabeled conjugates that 
formed from the interaction of the oxidized [‘HI- 
estradiol with nucleophiles appeared to be 
associated with a macromolecular component. 
Although we did not present evidence that the 
[‘HI-estradiol oxidation products formed from 
the enzymatic attack on [‘HI-estradiol acquire the 
characteristics of a high-affinity limited-capacity 
binder according to Scatchard [30], we did observe 
that if the tyrosinase concentration was main- 
tained at less than 1 pg/ml, a sulfhydryl reducing 
agent (MTG) was included in the buffer and DES 
was used as the competitor, the radioactive 
products often appearing to be saturable and of 
high affinity (K,, = l-10 nM). However, such 
results were highly variable and dependent on the 
intrinsic properties of the enzyme itself (i.e. the 
substrate turnover capacity), the length of the 

Table 4. [3H]-Estradiol:estrogen recepor binding and [3H]-estradio1:tyrosinase oxidation assessed by DCC and 
HAP assays 

Protein Buffer 
DCC assay 

[2,4,6,7-‘HI-E* [6,7-rH]-E, 
HAP assay 

[2,4,6,7-‘HI-E, [6,7-jH]-E, 

Breast tumor 
extract 

Tyrosinase 

Tris 103 86 100 77 
Tris + MTG 80 63 79 72 

Tris 548 64 23 70 
Tris + MTG 428 20 0 0 

An estrogen receptor-positive breast tumour extract (2 mg/ml) or tyrosinase (2 pg/ml) were incubated with 5 nM concentrations of 
[2,4,6,7-rH]- or [6,7-rH]-estmdiol with or without a lOO-fold excess of DES. Where indicated MGT(l mM) wasadded. Breast tumor 
extract and tyrosinase were exposed to HAP prior to the addition of radiohgands according to Materials and Methods (HAP assay). 
After 3 hr at 0°C DCC-resistant or HAP-bound radioactivity was determined according to the details described in Materials and 
Methods. Values represent fmol specific ([‘HI-estradiol binding - [3H]-estradiol plus lOO-fold excess DES) DCC-resistant 
radioactivity or HAP-bound radioactivity per mg breast tumor extract or per pg of tyrosinase. 



Estrogen Recepor in Malignant Melanoma 

OH OH 

1157 

I 02 
TYROSINASE 

OH OH 

:&P -SR :& 
NON-ENZYMATIC 

CONJUGATION 

Fig. 4. Tyrosinase-catalyzed hydroxylation and oxidation of [2,4,6,7-3H]-estradiol. 

incubation period and the concentrations of 
MTG and DES used in the buffer system. For 
instance, DES was a much better competitor of the 
enzymatic oxidation of [‘HI-estradiol when MTG 
was added to the reaction. A dissociation constant 
(Kd) of l-10 nM is about one order of magnitude 
higher than that reported for estrogen receptor in 
breast tumors [8], but is concordant with the 
dissociation constants reported by others [ll, 141 
for the [‘HI-estradiol binding component in 
malignant melanoma. 

As mentioned, a [‘HI-estradiol binding com- 
ponent in the soluble extracts of malignant 
melanoma has been described[lO-141 wheneither 
[6,7-3H]-estradiol or [2,4,6,7-3H]-estradiol was 
used as the binding ligand. Noteworthy is that in 
the two investigations [lo, 121 usingradiolabeled 
estradiol without tritium in the C-2 position, the 
incidence of the apparent [3H]-estradiol binding 
component(s) was also lower. We observed that 
most of the DCC-resistant radioactivity resulting 
from the interaction of tyrosinase with [2,4,6,7- 
3H]-estradiol was [‘HI-water, and therefore 
suggest that the higher [3H]-estradiol binding 
reported in those studies using the 4-labeled 
estradiol might have been due partly to the 
formation of [3H]-water. We also observed that 
even when [3H]-estradiol did not contain tritium 
in the C-2 position, DCC-resistant radioactive 
components formed when nucleophiles such as 
MTG or BSA were included in the buffer system. 
Thus other radiolabeled estrogens without 
tritium at the C-2 position (i.e. [6,7-3H]-estradiol, 
[3H]-R2858 or [rz51]-estradiol) that might be used 
to assess the estrogen receptor content in 
melanoma extracts would not be expected to 
liberate r3H]-water when oxidized by tyrosinase 

but nevertheless would be expected to form 
covalent adducts with available nucleophiles 
present in the incubtition system. Such radio- 
labeled adducts would also be difficult to 
distinguish from the products of the tight binding 
of these radiolabled ligands to a genuine estrogen 
receptor protein. 

McCarty et al. [14] observed that the radio- 
labeled products generated by the interaction of 
[3H]-estradiol with extracts of melanoma or 
purified tyrosinase are similar in that in both 
cases the apparent binding components separate 
on sucrose density gradients as a broad band of 
low-molecular-weight (2-4 S) species. They spec- 
ulated that the radioactive components resulted 
from the binding of [3H]-estradiol to tyrosinase 
and melanosomes and to the formation of small 
amounts of [3H]-water. We confirm that [3H]- 
water is generated from the reaction of tyrosinase 
with [3H]-estradiol, but only if the radioligand 
contains tritium at the C-2 position. Based on the 
experimental model presented here, showing that 
the electrophilic oxidation products of [3H]- 
estradiol interact with available nucleophiles in 
the buffer system, we suggest further that the 
broad band of molecular weight components 
previously identified on sucrose gradients [14] 
probably represents ring-substituted conjugates 
of [3H]-estradiol. MTG, albumin [24,27] and 
tyrosinase itself [31], which would all be present 
in extracts of malignant melanoma, would be 
expected to interact covalently with the electro- 
philic oxidation products of [3H]-estmdiol and 
thus form a spectrum of apparent [3H]-estradiol 
binding components of different molecular 
weight, as reported [14]. 

McCarty et al. [14] recommend that toeliminate 
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the oxidative degradation of [3H]-estradiol by 
tyrosinase in melanoma extracts where tyrosinase 
and estrogen receptor might coexist, excess L- 
dopa or tyrosine should be included in the 
incubation system to inhibit the interaction of 
[3H]-estradiol with tyrosinase without interfering 
with the binding of [‘HI-estradiol to estrogen 
receptor. This was based on the observation that 
neither L-dopa nor tyrosine compete with [‘HI- 
estradiol for its binding to estrogen receptor, 
whereas both ligands inhibit the enzymatic 
oxidation of [‘HI-estradiol. We concur that 
neither tyrosine nor L-dopa compete with [‘HI- 
estradiol binding to estrogen receptor. However, 
we observed that L-dopa but not tyrosine, even at a 
high molar excess (lO,OOO-fold), did not eliminate, 
but rather enhanced, the tyrosinase-catalyzed 
hydroxylation of [3H]-estradiol. It is well known 
that L-dopa, via its oxidation at the samecatalytic 
site that hydroxylates monophenols, serves as an 
electron donor to prime the enzyme site for the 
reciprocal monophenol hydroxylation reaction 
[ZO, 221. The discrepancy between our results, in 
which L-dopa augmented the hydroxylation of 
[3H]-estradiol by tyrosinase (Fig. 2), and the 
results of McCarty etal. [14], in which L-dopa 
appeared to inhibit tyrosinase activity, can 
probably be explained by the differences in the 
manner in which L-dopa was used as a 
competitor. We included L-dopa as a competitor 
at the onset of the incubation of [3H]-estradiol 
with tyrosinase in much the same way that other 
competition studies are performed. On the other 
hand, the aforementioned authors preincubated 
tyrosinase with L-dopa before adding [3H]- 
estradiol. Preincubation of tyrosinase with L- 
dopa would result in the catalytic inactivation of 
tyrosinase via substrate turnover [20] and thereby 
eliminate subsequent turnover of alternate 
substrates such as [3H]-estradiol, added later 
during the course of the incubation. In contrast, 
we included L-dopa in the incubation system with 

‘active’ tyrosinase, which increased the enzymatic 
rate of [‘HI-estradiol hydroxylation. 

Because estrogen receptor is highly thermo- 
labile in the absence of estradiol, we would not 
recommend preincubating melanoma extracts 
with L-dopa prior to the addition of [‘HI- 
estradiol, as suggested [14]. We would also not 
recommend coincubation of L-dopa or tyrosine 
with [3H]-estradiol in the assay mixture, in light 
of the fact that the highly reactive oxidation 
product (dopaquinone) of these substrates is a 
strong electrophile, and estradiol binding to the 
estrogen receptor has been reported to require an 
essential sulfhydryl residue [32] that might 
interact with the oxidation products of tyrosine or 
L-dopa. 

We conclude that if soluble extracts of 
melanoma contain a genuine estrogen receptor 
protein in addition to tyrosinase, distinguishing 
between these two entities by the conventional 
DCC assay system may not be possible. We 
suggest instead that future studies on extracts of 
melanoma be assessed for estradiol binding 
components by the HAP assay system to 
circumvent the problem of the oxidative degra- 
dation of estradiol by tyrosinase. Furthermore, we 
recommend that if tritiated estradiol is used as the 
binding ligand it should not contain tritium in 
the C-2 position to eliminate the enzymatic 
formation of [3H]-water, that the incubation 
period be reduced to no more than 3 hr, which 
allows full saturation of estrogen receptor by [31-IJ 
estradiol while reducing the enzymatic oxidation 
of [‘HI-estradiol, and that a sulfhydryl reducing 
agent be included in the buffer system to inhibit 
tyrosinase activity. 
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