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Abstract. The presence and properties of tyrosinase oc-
curring in the sera of melanoma-bearing animals were
studied. Sera from mice bearing B!6 melanoma were
found to oxidize tyrosine and 3,4-dihydroxyphenylalanine.
The tyrosinase activity in serum and melanoma tissue was
inhibited by the same substrate analogues, and both had
the same pH optimum. Two forms of tyrosinase could be
detected by means of column chromatography using
Sephadex CS50. Tyrosinase activity in the serum was
present in a high percentage of C57BL/6J, BALB/cJ and
Swiss mice bearing B!6 meclanoma; BALB/cJ mice
bearing Harding-Passey melanoma occasionally had de-
tectable tyrosinase activity. Tyrosinase activity could not
be detected in the serum from Syrian hamsters bearing
Fortner's melanoma, not in the serum from patients with
metastatic malignant melanoma.

Tyrosinase activity has been demonstrated in the
serum from mice bearing B16 melanoma (5, 11).
This serum tyrosinase was found to oxidize tyro-
sine in vitro under conditions similar to those
rcquired for the tyrosinase present in the me-
lanoma tissue. It was further observed that
whereas tyrosinase is mostly present in a particu-
late state in the tumour (8, 9), it occurs in a
soluble state in the serum (5).

Presently availuble methods for solubilization
of tyrosinase from melanoma tumour involve the
use of rather drastic treatments such as treatment
with acetone, butanol or detergents (1). Since the
tyrosinase in the serum occurs naturally in the
soluble state, it is important to study further the
properties of this tyrosinase. This communication
reports some properties of serum tyrosinase.

Because tyrosinase activity was consistently
demonstrated from the sera of C57BL/6J mice
bearing B16 melanoma, further studies were
undcrtaken to determine whether this same phe-
nomenon occurred in the serum of a variety of

animals bearing melanomas. Particular attention
was given to the question of serum tyrosinase
occurring in patients with metastasic malignant
melanoma.

MATERIALS AND METHODS

Chemicals

1.-Tyrosine-3,5-°H (spec. act. 1 000 mCi/mmole) and L-3.
4-dihydroxyphenylalanine-2,5,6-*H (spec. act. 1000 mCi;
mmole) were obtained from The Radiochemical Centre,
Amersham, England. L-Tyrosine and naphthalene were
obtained from Fisher Scientific Co., FairLawn, N. J.,
I.-3.4-dihydroxyphenylalanine (dopa) was purchased from
British Drug Houses, London, W.C.l., England, cation
exchange resin AG 50W-X12 was obtained from Bio-rad.
1,4-bis  (-methyl-S-phenyloxazolyl)-benzene, scintillation
grade (dimethyl POPOP), and 2,5-diphenyloxazole, scin-
tillation grade (PPO) were obtained from Packard Instru-
ment Co. Downers Grove, lll., Sephadex G200 and
Sephadex €50 were purchased from Pharmacia, Uppsala,
Sweden. All other chemicals were of reagent grade.

Tyrosinase assay

Tyrosinase activity was determined using tyrosine-3,5-H
according to the method of Pomerantz (6) as modified
by Menon & Haberman (5).

Dopa oxidase assay

Dopa oxidase activity was measured by determining the
amount of acid-insoluble products formed from radio-
active dopa. The standard incubation system consisted of
the following components: 0.5 mM L-dopa, 1.0 ‘uCi L-
dopa,-*H, 40 ymoles of Po, buffer pH 6.8, 0.5 ml of
mouse serum. Total volume., 2.0 mi; temp., 37°C; in-
cubation period, 1.0 hr. The reaction was stopped by
adding 0.2 ml. 209% trichloroacetic acid (TCA) con-
taining 1.0 mM L-dopa. The reaction mixture was Kept
frozen overnight. The contents were then centrifuged
and the precipitate was washed S times with 5% TCA
and then once with distilled water. The precipitate was
then dissolved in 1.0 ml of 90% formic acid. 0.5 ml
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Table 1. Oxidation of tyrosine and 3,4-dihydroxy-
phenylalanine by mouse serum
The tyrosinase and dopa oxidase activities were determined

as described under the section Materials and Mcthods. 0.5 ml
of mouse scrum was added o cach tube

n moles of p moles of

tyrosine dopa
Serum oxidized oxidized
Serum from tumour-bearing mice 55 523
Scrum from normal mice Nil a8

of this solution was mixed with 10 ml of the scintillator
mixture and the level of radioactivity determined. The
above method is a modification of the procedure for the
incorporation of tyrosine-"C into melanin described by
Chen & Chavin (2).

Transplansation of tumour

B16 melanoma originally cbtained from Jackson Labora-
tories, Bar Harbor, Maine, was maintained by sub-
cutanzcus wansplantation into C57 BL/6J mice every 2
weaks. The tumour tissue was mixed with 9 vol of nor-
mal saline. The tumour was dispersed by stirring with a
glass rod for 2 min. Coarse tumour chunks were removed
by filtration through four layers of gauze. 0.1 ml of the
wmeur suspension thus obtained was injected sub-
cutanecusly into the dorsal arca of the nzck of each
mousz2.

The following melanomas were also transplanted in this
manner: B16 into BALB/cJ and Swiss mice, Harding
Fassey into BALB/cJ mice and Fortner's into Syrian
hamsters. The dog melanoma emploved was a spon-
tancous {umour.

Sucrose gradient centrifugation

Linear sucrosz gradient in the range of 5%-20% was
preparad using the Biichler apparatus. 0.2 ml of serum
was layered over 5.0 ml of the gradient and centrifuged
at 30000 rpm for 16 hours, using the swing ocut rotor
in an M.S.E. Superspeed 50 Centrifuge. The tubes were
picrcad at the bottom and the fractions were collected,
each fraction consisting of 20 drops. The fractions from
the three tubss were collected in the same s2t of test
tubes, the corresponding fraciions being collected in ithe
same tubes. Th2 tyrosinase activities of ihz fraciions were
determined as described above.

Measarement of radioactivity

Thz radioactivity of samples were determinad by using a
Packard or Nuclear Chicago liquid scinillation spsctro-
meter. The scintillator solution used contained 50 mg
dimethyl POPOP, 5.0 g PPO, and 80 g naphthalene
disszlved in 1.0 1 of a mixture consisting of equal
volumes cf toluene, dioxane and 959% ethanol. Usually
0.5 ml of the sample was mixed with 10 ml of the
scintillator  solution.
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Reproducibility of resulis

All experiments were carried out in duplicate. The varia-
tion between duplicates was not more than 109%. All
results presented have been corrected for nonenzymic
blanks. The results are expressed as n moles of tyrosine
oxidized per tube or p moles of dopa oxidized per tube.

RESULTS

Oxidation of tyrosine and dopa by mouse serum
Table 1 shows a comparative study of the oxida-
tion of tyrosine and dopa by mouse serum. It
should be noted that in these experiments, the
experimental conditions employed to study the
oxidation of tyrosine give a measure of the
hydroxylation of tyrosine in the 3-position.
whereas the method used in the case of dopa is
such that it would provide a measure of the
amount of dopa oxidized to the acid-insoluble
olymer melanin. Spectrophotometric analysis of
the supernatant after precipitating the acid-in-
soluble components did not show the presence
of any intermediary compounds in the pathway
of the biosynthesis of melanin from dopa. It is
seen from the results given in Table I that serum
from normal mice did not oxidize any detectable
amount of tyrosine: but serum from melanoma-
bearing mice had significant tyrosinase activity.
These results are in agreement with those pre-
viously reported (5). Saumples of serum from nor-
mal mice were found to oxidize small amounts

Table 11. Effect of substrate analogues on the tyro-
sinase activity of mouse serum
Tyrosinase and dopa oxidase activities were determined as

described in the text. The substrate analogues were added
10 the tubes as specified in the concentrations given below

n moles of 1yrosine

Conc. of oxidized

analogue

added Mectanoma
Analogue added (mM) Scrum tissue
None — 30 112
Mandelic acid 0.1 31 101
Mandelic acid 1.0 21 108
Phenylacetic acid 0.1 25 111
Phenylacctic acid 1.0 28 92
Protocatechuic acid 0.1 26 81
Protocatechuic acid 1.0 13 45
Phenylalanine 0.1 26 101
Phenylalanine 1.0 27 87
N-acetylphenylalanine 0.1 28 104
N-acetylphenylalanine 1.0 28 105




of dopa; but the amounts of dopa oxidized by
sera from tumour-bearing mice were approx-
imately 10 times as great as those oxidized by sera
from normal mice. In actual practice, due to the
smaller dilution factor involved in the dopa ox-
idase system. the dopa oxidase activity was found
to be more scnsitive than the tyrosine oxidase
activity. ‘Therefore, in some of the results pre-
sented in this paper, dopa oxidase activity was
determined instead of tyrosinase activity.

Effects of various subsirate analogues on the
tyrosinase activity of mouse serum

Table [1 shows the effects of a number of
analogues of tyrosine and dopa on the tyrosinase
activity of both tumour homogenates and serum
from melanoma-bearing mice. 1t was found that
protocatechuic acid had a pronounced inhibitory
effect on the enzyme activities of both tissues.
Other compounds did not have any significant
effect on the tyrosinase activity of cither source.

Effect of hydroquinone on the tyrosinase activity
of mouse serum and melanoma homogenate

A comparative study of the effects of hydro-
quinone on the tyrosinase activities of melanoma
homogenate and mouse serum is shown in Table
I11. 1t may be seen from the results that the
tyrosinase activities of both serum and melanoma
homogenate were inhibited by hydroquinone al-
most to the same extent.

Effect of pH on the tyrosinase and dopa oxidase
acrivities of melanoma homogenate and sera of
melanoma-bearing mice

The tyrosinase activity and dopa oxidase activity
of melanoma homogenate as well as mouse secrum

Table [ll. Effect of hydroquinone on the tyrosirase
activity of mouse serum and melanoma lLomogenate
Tyrosinase activity was determined as described in the text.

Various amounts of hydroquinone were added to the assay
system as mentioned in the tabls

n moles of tyrsosine oxidized
Conc. of hydroguinone

(mM) Serum Mclanoma
Nil 25 67
0.1 18 47
0.5 8 25
1.0 6 S
2.0 5 0

Serum ryrosinase 409
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Fig. 1. Tyrosinase and dopa oxidase activitics of me-

lanoma homogenate and mouse serum at different pH
values. The conditions for incubation were the same as
described under the section Materials and Methods. Po,
buffer was employed in the range 6.0 to 7.5; tris (hydroxy-
mzthyl) aminomethane-HC! buffer was employed for the
pH values 7.5 1o 8.5, A---A, tyrosinase aclivity of
melanoma homogenate: ®@---@, tyrosinase activity of
mouse serum; O—O, dopa oxidase activity of melanoma
homogenate; A—4, dopa oxidase activity of mouse
s2rum,

at different pH values are shown in Fig. 1. PO,
buffer was employed in the range 5.5 to 7.5 and
tris (hydroxymethyl) amino-methane HCI buffer
was used in the range 7.5 to 8.5. From the results
at 7.5. it was noted that the PO, buffer or tris
buffer gave the same activities for tyrosinase as
well as dopa oxidase. It was found that the
tyrosinase activities of both the melanoma homo-
genate and the serum has a pH optimum of 7.5.
However. the dopa oxidase activities of the two
preparations behave differently. The oxidation of
dopa by mouse scrum had a definite pH optimum
in the range of 6.5-7.0. The activity of the
melanoma homogenate in oxidizing dopa gradually
increased till 8.5.

Fracrionation of tyrosinase from mouse serum on
Sephadex G200

Serum from mice bearing melanoma was frac-
tionated on Sephadex G200 column. The rcsults
arc shown in Fig. 2. The optical density at 280 nm
as well as the tyrosinase activity of cach fraction
was determined. The tyrosinase activity showed a
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Table 1V. Tyrosinase activities in the serum from various animals with melanomas

Experimental conditions same as in Table |

n moles of tyrosine Percentage of

Number oxidized animals having
of detectable

Animal Melanoma animals Rangc Mean tyrosinase activity

C57 BL/6J mice BI16 72 0-372 89 83

BALB/¢J mice B16 2 31-48 40 100

Swiss mice B16 6 0-110 34 66

BALB/(c) mice Harding-Passey 9 0-12 13 11

Syrian hamster  Fortner's 3 0 0 0

Dog Spontaneous metastatic 1 0 0 0

malignant
Patients Metastatic malignant 7 2 2 0

sharp peak, coinciding with the major peak for
the absorbency values.

Fractionation of tyrosinase in melanoma extract
on Sephadex G200

A soluble preparation of tyrosinase was obtained
by extraction of acetone-dried powder of me-
lanoma tissue with 001 M PO, buffer, pH 6.8
(10). This extract was fractionated by using a
Sephadex G200 column: and the optical density
values at 280 nm and tyrosinasec activities of the

fractions were determined. The results are re-
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Fig. 2. Fractionation of tyrosinase in mousc serum on

Sephadex G200. Sephadex column (2.5 cm x 80 cm) was
equilibrated with Pe, buffer 6.8. 3.0 ml serum was added
to the top of the column and elution was carried out
with the same buffer. 3.0 ml fractions were collected. The
optical densities were measured at 280 nm and 1.0 ml of
each fraction was ecmployed for the tyrosinase activity.

Acta Dermatovener (Stockholm) 51

presented in Fig. 3. It was found that the tyro-
sinase activity was spread out in a relatively large
number of fractions.

Fractionation of dopa oxidase from mouse serum
on Sephadex C50

Pooled serum from melanoma-bearing mice was
fractionated on cation-exchange column Sepha-
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Fig. 3. Fractionation of tyrosinase in melanoma extract
on Scphadex G200. Sephadex column chromatography was
carried out as described under Fig. 1. Acetone powder of
melanoma was preparced as described under Materials and
Methods. The acetone powder was extracted by PO,
buffer pH 6.8. 3.0 ml of the extract was added on top
of the column and elution was carried out using the
same buffer. The experimental conditions were otherwise
same as describad under Fig. 2.



dex C50. The results are shown in Fig. 4. In this
experiment, the oxidation of dopa was employed
instead of tyrosine because of the greater sensi-
tivity of this system as mentioned above. It was
obscrved that in this case the enzyme activity was
present in two peaks, a major and a minor one.

Fractionation of tyrosinase in mouse serum by
density gradient centrifugation

Serum from melanoma-bearing mice was frac-
tionated by means of sucrose gradient centrifuga-
tion. The results are shown in Fig. 5. It was
found that the tyrosinase activity was present
only in three consecutive fractions corresponding
to the central portion of the gradient.

Tyrosinase activities in the sera from various ani-
mals with melanomas

Serum samples from various animals with me-
lanomas were assayed for tyrosinase activity.
Tyrosinase activity was present in over 80% of
the serum from C57 BL/6J mice containing B16
melanoma. Tyrosinase activity could also be de-
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Fig. 4. Fractionation of dopa oxidase on Sephadex CS50.
Sephadex CS50 column was cquilibrated with 0.0 M PO,
buffer pH 6.8. 3.0 ml of serum was added on top of the
column and eclution was carried out using a linear gradient
which consisted of 0.05 PO, buffer pH 6.8 containing
0.0 1o 1.0 M NaC}. 3.0 ml fractions were collected. Dopa
oxidase aclivity was measured as described under Mate-
rials and Methods.

Serum tyrosinase 411

o)

mau moles of tyrosine oxidized
-~ o
o =]
T -

Fraction number

Fig. 5. Fractionation of tyrosinase in mouse serum by
density gradient centrifugation. Linear gradient was pre-
pared in the range of 5% to 20% sucrose (w/v). Sucrose
gradient centrifugation was carried out as described under
Materials and Methods. The tyrosinase activity of each
fraction was determined by the standard system
0.5 ml fraction.

using

tected in the sera of Swiss and BALB/cJ mice
bearing B16 melanoma. Only 1 out of 9 BALB/
c¢J mice bearing Harding-Passey melanoma had
detectable tyrosinase activity. Samples of serum
from Syrian Hamster, dog and patients with
metastatic melanoma gave no detectable tyrosinase
activity.

DISCUSSION

The results presented in this paper demonstrate
that serum from melanoma-bearing mice oxidize
both tyrosine and dopa. Although it has not been
possible under the experimental conditions to
demonstratc the oxidation of tyrosine by serum
from normal mice, it has been possible to show
significant oxidation of dopa by serum from nor-
mal mice. There is an overwhelming amount of
evidence available in the literature which indi-
cates that the oxidation of tyrosine and dopa are
catalysed by the same enzyme, viz. tyrosinase (3,
4, 7). The above results are, therefore, in agree-
ment with this conclusion. The failure to detect
tyrosinase activity in serum from normal mice
while dopa oxidase activity can be detected ap-
pears to be due to the higher sensitivity of the
latter system. The effects of a number of com-
pounds structurally analogous to tyrosine and
dopa on the tyrosinase activity of both the
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melanoma tissue and the serum from melanoma-
bearing mice were investigated. It appears from
these results that both protocatechuic acid and
hydroquinone inhibit the tyrosinase activity of
both mouse serum and the melanoma tissue.
Other compounds do not have any significant in-
hibitory action on the tyrosinase activity of either
tissue. It appears from the above results that the
tyrosinase present in the serum is similar to that
present in the tumour tissue.

Studies on the tyrosinase and dopa oxidase
activities of melanoma tissue homogenate and
serum from melanoma-bearing mice have shown
that the tyrosinase activity in both cases has a
definite pH optimum, viz. 7.5. On the contrary,
the variation of pH produces diverse effects on
dopa oxidase activities of the tumour homogenate
and the serum. The enzyme activity is the highest
in the pH range 6.5-7.0 in the case of the serum,
whereas the activity of the melanoma homogenate
gradually rises as the pH is increased up to 8.5.
The identical pH optima for tyrosinase activities
in the two tissues indicate that the two enzymes
are similar. However, the differences observed in
the case of dopa oxidase activities of melanoma
homogenate and serum do not necessarily mean
that the two enzymes are really different. The
oxidation of dopa to melanin involves a large
number of intermediates (4. 7). and. therefore.
possible additional metabolism of any of the
intermediates would affect the total amounts of
melanin formed. For example, dopa decarbox-
ylase, if present in the melanoma tissue, might
be expected to interfere with the melanin bio-
synthetic pathway. The similarity of the proper-
ties of the tyrosinase from serum and tumour
presented in this paper indicates that the tumour
is the source of the enzyme found in the serum.
This fact is also supported by the observation
that serum from white mice bearing B16 me-
lanoma has significant tyrosinase activities. There-
fore, it seems that one or more forms of tyro-
sinase is released from Bl16 melanoma tumour
into the blood stream. It is possible that this
soluble tyrosinase is released from the tumour
before being incorporated into the melanosomes
although releasc due to tumour nccrosis cannot
be ruled out.

Szrum from Syrian hamster. dog and patients
with metastatic melanoma failed to show de-
tectable tyrosinase activity. Failure to detect
Acta Dermatovener (Stockholm) 51

serum tyrosinase activities in these cases could be
duc to onc or more of the following factors: (1)
Most of these tumours were not as hcavily pig-
mented as the B16 melanoma employed. (2) The
ratio of blood used for the test to total blood
volume is significantly lower in the case of the
larger animals and patients. (3) Inhibitors of
tyrosinase have been found to be present in
serum.
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