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TYROSINASE ASSAY

RELATED APPLICATIONS

[0001] This application claims priority from U.S. Provi-
sional Application Serial No. 60/286,950, filed Apr. 27,
2001, the contents of which are incorporated herein by
reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] Tyrosinase (monophenol, 3, 4-dihydroxyphenyla-
lanine: oxygen oxidoreductase, EC 1.14.1 8.1) is a copper-
based oxidoreductase that catalyzes the rate limiting step in
melanin synthesis, the hydroxylation of L-tyrosine to
L-DOPA. In addition, tyrosinase catalyses the oxidation of
L-DOPA to L-dopaquinone. Tyrosinase is generally exclu-
sive to pigment producing cells (melanocytes) and is fre-
quently unregulated in melanoma. The reaction products of
the melanin biopathway include pigments such as dopach-
rome (red), indole 5, 6 quinone (purple or yellow), and
melanin (brown). These pigments serve as the basis for
fluorometric and calorimetric assays that detect tyrosinase
activity (Hoal et al. (1982) Cancer Res 42:5191-5195;
Buffey et al. (1994) Brit J Dermatology 131:836-842; Moore
et al. (1989) a Histochemistry 90:379-381; PCT Interna-
tional Application No. WO 01/01131). Other tyrosinase
detection techniques include radiometric assays for tyrosi-
nase activity (Pomerantz (1964) Biochem Biophys Res
Commun 16:188-192; Ramirez-Bosca (1992) Arch Derma-
tol Res 284:358-362) and antibody based detection tech-
niques (Orchard (2000) Histochem J 32:475-481; Fetsch et
al. (2000) Cancer Cytopathology 90:252-257; Wakisaka et
al. (2000) Life Sciences 66:1-6). The dopa reaction has been
the standard assay for tyrosinase activity in situ. In this
procedure, a tissue sample, often an epidermal sheet, is
incubated in dopa or tyrosine, producing a black pigment
(dopa-melanin [3]) in tyrosinase-positive cells (Lerner &
Hendee (1973) J Invest Dermatol 60, 16-19).

SUMMARY OF THE INVENTION

[0003] The inventors have developed a highly sensitive
and specific assay for tyrosinase, an enzyme essential for the
production of melanin. The assay, described herein, includes
detecting the presence or absence of a labeled reacted
tyrosinase substrate. The assay can, e.g., show the in situ
location of tyrosinase, e.g., within a cell or tissue; identify
the presence of a tyrosinase containing cell, e.g., a pigment
cell or melanoma cell, within a tissue, e.g., skin tissue, eye
tissue, blood, serum, plasma, lymph; identify pigment cell
distribution or pigment cell status within a tissue, e.g., skin
or eye tissue. The assay works on frozen tissue sections,
unfixed tissue, and works in conjunction with several types
of fixatives. The assay can also work on paraffin sections,
¢.g., renatured paraffin sections.

[0004] Accordingly, the invention features a method of
detecting tyrosinase in a sample, e.g., a tissue sample, ¢.g.,
in a skin, eye, or blood sample. The method includes: ()
contacting the sample with a tyrosinase substrate, e.g.,
tyrosine, tyramide, or DOPA, which substrate is coupled,
directly or indirectly (e.g., through biotin-streptavidin) to a
label, e.g., a calorimetrically detectable label (e.g., horse-
radish peroxidase or alkaline phosphatase) or a fluorescent
label (e.g., fluorescein, Texas Red, or CY-3); (b) preferably
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allowing the tyrosinase to act on the substrate, e.g., to bind
and/or to oxidize the substrate; and (c) detecting the pres-
ence or absence of the reacted labeled tyrosinase substrate.
The signal can be detected through conventional techniques,
¢.g., fluorescence imaging, ¢.g., with a microscopic imager.
While not wishing to be bound by theory, tyrosinase in the
sample is thought to bind and/or oxidize the tyrosinase
substrate, creating an unstable, reactive intermediate. The
intermediate is thought to bond to nearby molecules and
deposit onto the sample in close proximity to the tyrosinase,
where it can be detected, or to incorporate into melanin.

[0005] In a preferred embodiment, the sample is a skin
tissue sample.

[0006] In a preferred embodiment, the sample is an eye
tissue sample.

[0007] In a preferred embodiment, the sample is a blood
sample, e.g., blood, plasma or serum, or a lymph sample,
¢.g., a sample of lymphatic fluid.

[0008] 1Inapreferred embodiment, the sample is a cultured
cell or tissue sample.

[0009] In apreferred embodiment, the tyrosinase substrate
is a phenolic compound.

[0010] In apreferred embodiment, the tyrosinase substrate
is tyrosine or a tyrosine analog. In another preferred embodi-
ment, the tyrosinase substrate is tyramide or DOPA.

[0011] In a preferred embodiment, the tyrosinase sub-
strate, e.g., tyramide, DOPA, or a tyrosine analog, is coupled
to biotin and the label is coupled to streptavidin.

[0012] In a preferred embodiment, the label is a fluores-
cent label, e.g., fluorescein, Texas Red, rhodamine, or CY-3.

[0013] In a preferred embodiment, the sample is a frozen
section.
[0014] In a preferred embodiment, the sample is fixed in

one or more of: methanol, acetone, or formaldehyde.

[0015] Inapreferred embodiment, the sample is washed at
least once, e.g., with PBS, e.g., to remove unreacted sub-
strate or unbound label.

[0016] In a preferred embodiment, the reacted labeled
substrate is bound to tyrosinase or to another molecule of the
sample.

[0017] In a preferred embodiment, the method detects
tyrosinase in situ in a tissue sample.

[0018] In another aspect, the invention features a method
of detecting tyrosinase in a sample, e.g., a skin or eye tissue
sample. The method includes: (a) contacting the sample with
a tyrosinase substrate coupled to a first member of a specific
binding pair, e.g., a biotinylated tyrosinase substrate, e.g.,
biotinylated tyramide or DOPA or a biotinylated tyrosine
analog; (b) preferably allowing the tyrosinase to act on the
substrate, €.g., to bind andjor oxidize the substrate; (c)
contacting the sample with a second member of a specific
binding pair, e.g., streptavidin, conjugated to a label, e.g., a
colorimetrically detectable label (e.g., horseradish peroxi-
dase or alkaline phosphatase) or a fluorescent label, e.g.,
fluorescein-streptavidin; and (d) detecting the presence of
the label. In a preferred embodiment, the reacted labeled
substrate is bound to tyrosinase or to another molecule of the
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sample. The presence of the label can be detected using
conventional techniques, e.g., fluorescence imaging.

[0019] In a preferred embodiment, the sample is a skin
tissue sample, ¢.g., a skin explant.

[0020] In a preferred embodiment, the sample is an eye
tissue sample, €.g., an eye explant.

[0021] Ina preferred embodiment, the sample is a cultured
cell or tissue sample.

[0022] 1In a preferred embodiment, the sample is a blood
sample, e.g., blood, plasma or serum, or a lymph sample,
e.g., a sample of lymphatic fluid.

[0023] 1In apreferred embodiment, the tyrosinase substrate
is a phenolic compound.

[0024] In apreferred embodiment, the tyrosinase substrate
is tyrosine or a tyrosine analog. In another preferred embodi-
ment, the tyrosinase substrate is tyramide or DOPA.

[0025] In a preferred embodiment tyramide is coupled to
biotin and fluorescein is coupled to streptavidin.

[0026] In a preferred embodiment, the label is a fluores-
cein, Texas Red, rhodamine, or CY-3.

[0027] In a preferred embodiment, the sample is a frozen
section.
[0028] In a preferred embodiment, the sample is fixed in

one or more of: methanol, acetone, or formaldehyde.

[0029] In apreferred embodiment, the sample is washed at
least once, e.g., with PBS, e.g., to remove unreacted sub-
strate or unbound label.

[0030] In another aspect, the invention features a method
of identifying a compound, e.g., a cosmetic, which modu-
lates or affects pigmentation in the skin or hair, e.g., a
compound that modulates melanogenesis in a melanogenic
cell, e.g., a compound useful as a skin bleaching or skin
darkening agent, or a sunscreen. The method includes: (a)
contacting a cell or tissue with a test compound; (b) con-
tacting the cell or tissue with a tyrosinase substrate, e.g.,
tyrosine, tyramide, or DOPA, which substrate is coupled,
directly or indirectly (e.g., through members of a specific
binding pair, e.g., biotin-streptavidin) to a label, e.g., a
calorimetrically detectable label (e.g., horseradish peroxi-
dase or alkaline phosphatase) or a fluorescent label, e.g.,
fluorescein, Texas Red, or CY-3; (¢) preferably allowing the
tyrosinase to act on the substrate, e.g., to bind and/or oxidize
the substrate; and (d) detecting the presence or absence of
the reacted labeled tyrosinase substrate. A compound that
causes a change in the amount, localization, or distribution
of tyrosinase in the cell or tissue can be identified as a
compound that modulates melanogenesis. Preferably, the
method detects tyrosinase in situ in a tissue sample. The
signal from the label can be detected through conventional
techniques, e.g., fluorescence imaging, e.g., with a micro-
scopic imager. In some embodiment, the cell or tissue can be
contacted with UV radiation, e.g., UVB radiation, in addi-
tion to, or instead of, a test compound.

[0031] In a preferred embodiment, the cell is an in vitro
cultured cell, e.g., a melanocyte.

[0032] 1In a preferred embodiment, the tissue is a tissue
explant, e.g., a skin explant.
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[0033] 1In a preferred embodiment, the cell or tissue is a
skin cell or tissue.

[0034] 1In a preferred embodiment, the cell or tissue is an
eye cell or tissue.

[0035] 1In a preferred embodiment, the test compound is a
small molecule, ¢.g., a small peptide or a small non-oligo-
meric molecule.

[0036] 1Inapreferred embodiment, the test compound is an
antibody or an antigen binding fragment thereof, such as
Fab, Fab',, and Fv fragments.

[0037] In a preferred embodiment, the test compound is a
plant extract or a plant derived compound.

[0038] Ina preferred embodiment, the test compound is an
organic compound.

[0039] In a preferred embodiment, the test compound is
from a library of small molecules, e.g., small peptide or
non-peptide molecules.

[0040] In a preferred embodiment, the test compound is
from a library of antibodies.

[0041] In apreferred embodiment, the tyrosinase substrate
is a phenolic compound.

[0042] 1In apreferred embodiment, the tyrosinase substrate
is tyrosine or a tyrosine analog. In another preferred embodi-
ment, the tyrosinase substrate is tyramide or DOPA.

[0043] In a preferred embodiment, the tyrosinase sub-
strate, e.g., tyramide, DOPA, or a tyrosine analog, is coupled
to biotin and the label is coupled to streptavidin.

[0044] 1In a preferred embodiment, the label is a fluores-
cent label, e.g., fluorescein, Texas Red, rhodamine, or CY-3.

[0045] 1In a preferred embodiment, the sample is a frozen
section.
[0046] In a preferred embodiment, the sample is fixed in

one or more of: methanol, acetone, or formaldehyde.

[0047] 1In a preferred embodiment, the compound is fur-
ther tested in vivo on a human or non-human animal. For
example, the compound is administered, e.g., topically, to
the animal and the effect of the compound on the animal is
evaluated.

[0048] 1In a preferred embodiment, the sample is washed at
least once, e.g., with PBS, e.g., to remove unreacted sub-
strate or unbound label.

[0049] 1In another aspect, the invention features a method
of identifying a compound, e.g., a cosmetic, which modu-
lates or affects pigmentation in the skin or hair, e.g., a
compound that modulates melanogenesis in a melanogenic
cell, e.g., a compound useful as any of: a therapeutic for a
hyper- or hypo-pigmentary condition, a skin bleaching or
skin darkening agent, or a sunscreen. The method includes:
(a) contacting cach of a plurality of cultured cells with a test
compound, wherein each of the plurality is contacted with a
different test compound; (b) contacting the plurality of
cultured cells with a tyrosinase substrate, e.g., tyrosine,
tyramide, or DOPA, which substrate is coupled, directly or
indirectly (e.g., through members of a specific binding pair,
¢.g., biotin-streptavidin) to a label, e.g., a colorimetrically
detectable label (e.g., horseradish peroxidase or alkaline
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phosphatase) or a fluorescent label, e.g., fluorescein, Texas
Red, or CY-3; and (c) detecting the presence or absence of
the labeled tyrosinase substrate associated with each of the
plurality of cells. A compound that causes a change in the
amount, localization, or distribution of tyrosinase in one or
more of the plurality of cultured cells can be identified as a
compound that modulates melanogenesis. The signal from
the label can be detected through conventional techniques,
¢.g., fluorescence imaging, ¢.g., with a microscopic imager.
In some embodiment, the cells can be contacted with a test
treatment, e.g., UV radiation, e.g., UVB radiation, in addi-
tion to, or instead of, a test compound.

[0050] 1In a preferred embodiment, the cultured cells are
melanocytes.

[0051] In a preferred embodiment, the test compound is a
small molecule.

[0052] In a preferred embodiment, the test compound is a
plant extract or a plant derived compound.

[0053] Inapreferred embodiment, the test compound is an
organic compound.

[0054] In a preferred embodiment, the test compound is
from a library of test compounds, e.g., a library of small
molecules, e.g., small peptide or non-peptide molecules; an
antibody library; a library of organic compounds.

[0055] In apreferred embodiment, the tyrosinase substrate
is a phenolic compound.

[0056] In apreferred embodiment, the tyrosinase substrate
is tyrosine or a tyrosine analog. In another preferred embodi-
ment, the tyrosinase substrate is tyramide or DOPA.

[0057] In a preferred embodiment, the tyrosinase sub-
strate, e.g., tyramide, DOPA, or a tyrosine analog, is coupled
to biotin and the label is coupled to streptavidin.

[0058] 1In a preferred embodiment, the label is a fluores-
cent label, e.g., fluorescein, Texas Red, rhodamine, or CY-3.

[0059] In a preferred embodiment, the cultured cells are
fixed in one or more of: methanol, acetone, or formaldehyde.

[0060] In a preferred embodiment, the cultured cells are
unfixed.
[0061] In a preferred embodiment, the compound is fur-

ther tested in vivo on a human or non-human animal. For
example, the compound is administered, e.g., topically, to
the animal and the effect of the compound on the animal is
evaluated.

[0062] In a preferred embodiment, the sample is washed at
least once, e.g., with PBS, e.g., to remove unreacted sub-
strate or unbound label.

[0063] In another aspect, the invention features a method
of evaluating pigment cell status within a tissue, e.g., skin
tissue, eye tissue, blood, plasma or lymph (e.g., lymphatic
fluid) e.g., for the diagnosis or prognosis of a pigment cell
disease, e.g., albinism, vitiligo, or a proliferative condition
that involves pigment cells, e.g., melanoma. The method
includes: contacting a tissue with a tyrosinase substrate, e.g.,
tyrosine, tyramide, or DOPA, which substrate is coupled,
directly or indirectly (e.g., through biotin-streptavidin) to a
label, e.g., a colorimetrically detectable label (e.g., horse-
radish peroxidase or alkaline phosphatase) or a fluorescent
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label, e.g., fluorescein, Texas Red, rhodamine, or CY-3;
preferably allowing the tyrosinase to act on the substrate,
¢.g., to oxidize the substrate; and detecting the presence or
absence of the reacted labeled tyrosinase substrate. In a
preferred embodiment, the reacted labeled substrate is
bound to tyrosinase or to another molecule of the sample.
The presence or absence of tyrosinase correlates with pig-
ment cell status in the tissue. Preferably, the method detects
tyrosinase in situ in the tissue sample. The signal from the
label can be detected through conventional techniques, e.g.,
fluorescence imaging, ¢.g., with a microscopic imager, e.g.,
by FACS or with a fluorescence microscope.

[0064] 1In a preferred embodiment, the tissue is a skin
tissue.
[0065] 1In a preferred embodiment, the tissue is an eye
tissue.
[0066] In a preferred embodiment, the tissue is a blood

tissue, e.g., whole blood, plasma or serum, or a lymph tissue,
e.g., a sample of lymphatic fluid or a lymph node, e.g., a
lymph node biopsy.

[0067] In apreferred embodiment, the tyrosinase substrate
is a phenolic compound.

[0068] 1In apreferred embodiment, the tyrosinase substrate
is tyrosine or a tyrosine analog. In another preferred embodi-
ment, the tyrosinase substrate is tyramide or DOPA.

[0069] In a preferred embodiment, the tyrosinase sub-
strate, e.g., tyramide, DOPA, or a tyrosine analog, is coupled
to biotin and the label is coupled to streptavidin.

[0070] In a preferred embodiment, the label is a fluores-
cent label, e.g., fluorescein, Texas Red, rhodamine, or CY-3.

[0071] Ina preferred embodiment, the sample is washed at
least once, e.g., with PBS, e.g., to remove unreacted sub-
strate or unbound label.

[0072] In another aspect, the invention features a method
of targeting a therapeutic agent to a pigment-positive cell,
e.g., a melanoma cell. The method includes: administering
to a cell, tissue or a subject in need thereof a tyrosinase
substrate, e.g., tyrosine, tyramide, or DOPA, which substrate
is coupled, directly or indirectly (e.g., through biotin-strepta-
vidin) to a cytotoxic agent, e.g., ricin; saponin; pseudomonas
exotoxin, pokeweed antiviral protein; diphtheria toxin; vin-
blastine; 4-desacetylvinblastine; vincristine; leurosidine;
vindesine; an anti-metabolite such as cytosine arabinoside,
fluorouracil, methotrexate or aminopterin; anthracyclines,
mitomycin C; a vinca alkaloid; demecolcine; etoposide;
mithramycin; an anti-tumor alkylating agent such as
chlorambucil or melphalan; a DNA synthesis inhibitor such
as daunorubicin, doxorubicin, adriamycin and the like.

[0073] 1In apreferred embodiment, the tyrosinase substrate
is a phenolic compound.

[0074] In a preferred embodiment, the cell or tissue is a
pigment cell cancer cell or tissue, e.g., a melanoma tissue.

[0075] In a preferred embodiment, the subject has or is at
risk for a proliferative pigment cell disease, €.g., melanoma.

[0076] In another aspect, the invention features a method
of targeting a therapeutic agent to a pigment-positive cell,
e.g., a melanoma cell. The method includes: administering
to a cell, tissue or a subject in need thereof, a tyrosinase
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substrate, ¢.g., tyrosine, tyramide, or DOPA, which substrate
is coupled, directly or indirectly (e.g., through biotin-strepta-
vidin) to a photosensitizer drug, ¢.g., a modified porphyrin,
chlorin, bacteriochlorins phthalocyanine, naphthalocyanine,
pheophorbide or purpurin; and exposing the cell, tissue or
subject to light, e.g., a laser, whereby the photosensitizer
drug becomes activated. Because the tyrosinase substrate
targets the photosensitiser drug to a pigment positive cell
(c.g., a melanoma cell present in the circulation), only
pigment positive cells (e.g.,. melanoma cells in the circula-
tion) are destroyed by the activated photosensitiser drug.
Without being bound by theory, it is believed that the
photosensitiser becomes activated by light, but it does not
react directly with cells and tissues. Rather, it passes on its
energy to molecular oxygen to form a particularly reactive
toxic species called ‘singlet oxygen’.

[0077] Inapreferred embodiment, the tyrosinase substrate
is a phenolic compound.

[0078] 1In a preferred embodiment, the pigment positive
cell is a melanoma cell.

[0079] In a preferred embodiment, the tissue is blood or
lymph.

[0080] In a preferred embodiment, the subject has a pig-

ment cell proliferative disease, e.g., melanoma.

[0081] As used herein, a “member of a specific binding
pair” is each of two molecules that bind with specificity and
high affinity to each other. Examples of a specific binding
pair include biotin-streptavidin, or antigen-antibody.

[0082] As used herein, a “blood sample” or “blood tissue™
refers to whole blood or to a sample or tissue derived from
whole blood. For example, a blood sample or tissue includes
plasma or serum. A “lymph tissue” refers to a tissue of the
lymphatic system. For example, a lymph tissue includes a
lymph node or a biopsy thereof, lymphatic fluid, or a
lymphatic cell.

[0083] The details of one or more embodiments of the
invention are set forth in the description below. Other
features, objects, and advantages of the invention will be
apparent from the description and drawings, and from the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0084] The patent or application file contains at least one
drawing executed in color. Copies of the patent or patent
application publication with color drawing(s) will be pro-
vided by the office upon request and payment of the neces-
sary fee.

[0085] FIG. 1. Chemical structures of biotinyl tyramide
and tyrosine The dashed line separates the tyramine and
biotin groups of the substrate.

[0086] FIG. 2. Tyrosinase positive cells in human skin
The tyrosinase assay (red) was performed on human skin
fixed with formaldehyde (panels A, D, E, F) or methano-
Lacetone (panels B, C). DNA was counterstained with
Hoechst dye 33258 (blue). Inset panels show melanin
(black) stained by the Masson-Fontana technique. (Panels A,
B, C, E) Normal skin. (Panel D) Skin with pigmented nevi.
(Panel F) Skin with vitiligo. Arrowheads indicate the der-
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mal/epidermal border. Scale bars for panels A, B, D-F, 50
um; scale bar for panel C,25 um.

[0087] FIG. 3. Tyrosinase assay and molecular markers of
epidermal cells. Tyrosinase assay (red) and immunofluores-
cence (green) were performed on normal human skin fixed
with formaldehyde. (Panels A-C) Comparison of tyrosinase-
positive and c-Kit-positive cells; the three panels show the
same field. (Panels D-F) Comparison of tyrosinase-and
keratin-positive cells; the three panels show the same field.
Arrowheads mark the dermal/epidermal junction. Scale
bars, 50 ym.

[0088] FIG. 4. Tyrosinase-positive cells in the adult eye.
Formaldehyde-fixed eyes from six-month-old mice were
stained using the tyrosinase assay (red) and Hoechst dye
33258 (blue) (Panels A, C) Black mice, strain C57BL/6.
(Panels B, D) Albino mice, strain CD-1. 1, iris; CH, choroid;
RPE, retinal pigment epithelium Scale bar, 50 um.

[0089] FIG. 5. Tyrosinase-positive cells in murine hair
follicles Formaldehyde-fixed skin from seven-day-old mice
was stained using tyrosinase assay (red) and Hoechst dye
33258 (blue) (Panels A, B) Black mouse, strain C57BL/6.
(Panel C) Albino mouse, strain Swiss-Webster. In a panel B,
tyrosinase assay was performed in the presence of kojic acid.
MC, melanocyte cone; HS, hair shaft Scale bars, 50 um.

[0090] FIG. 6. Tyrosinase activity in the hair shaft Murine
skin was triple-stained using the assay described herein
(red), antibodies to trichohyalin (green), and Hoechst dye
33258 (blue). The skin was derived from a seven-day-old
mouse (strain C57BL/6) and fixed with formaldehyde. The
three panels show the same field. (Panel A) tyrosinase and
DNA. (Panel B) Trichohyalin and DNA. (Panel C) tyrosi-
nase and trichohyalin. M, medulla; IRS, inner root sheath;
MC, melanocyte cone. Scale bar, 25 ym.

[0091] FIG. 7. Epithelial tyrosinase activity. Formalde-
hyde-fixed skin from seven-day-old mice was stained for
tyrosinase as described herein (Panel A; red) or with anti-
bodies to S-100 (Panel B; red). DNA was counterstained
with Hoechst dye 33258 (blue). In panel A, the arrow
indicates the loss of tyrosinase and DNA staining. M,
medulla; MC, melanocyte cone Scale bars, 50 ym.

DETAILED DESCRIPTION

[0092] Human tyrosinase (monophenol, 3, 4-dihydrox-
yphenylalanine: oxygen oxidoreductase, EC 1.14.18.1) is an
essential enzyme which regulates the production of melanin,
a group of brown or black pigments present, e.g., in the skin
and eyes of humans. More specifically, tyrosinase catalyzes
the conversion of tyrosine to Dopa and of Dopa to
dopaquinone. Tyrosinase is present in pigment producing
cells (melanocytes) and is frequently unregulated in mela-
noma.

[0093] The invention features a specific, highly sensitive
assay for tyrosinase activity in a cell or tissue. The method
can detect tyrosinase e.g., in situ, e.g., in a skin or eye cell
or tissue sample, or in vitro, e.g., in a cultured cell or tissue,
¢.g., a cultured melanocyte. The method includes: contacting
the sample with a tyrosinase substrate, e.g., tyrosine, tyra-
mide, or DOPA, which substrate is coupled, directly or
indirectly (e.g., through biotin-streptavidin) to a label, e.g.,
a fluorescent label, e.g., fluorescein, Texas Red, or CY-3; and
detecting the presence or absence of the reacted labeled
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tyrosinase substrate. Preferably, the tyrosinase substrate,
e.g., tyramide, DOPA, or a tyrosine analog, is coupled to
biotin and the label is coupled to streptavidin. The label can
be a fluorescent label, e.g., fluorescein, Texas Red,
rhodamine, or CY-3. The label can thus be detected through
conventional techniques, e.g., fluorescence imaging.

[0094] The tyrosinase assay methods described herein are
highly specific and sensitive. The methods do not require
detecting colored pigments through bright field microscopy
and do not generate background staining due to autooxida-
tion of enzymatic reaction products. Instead, the use of a
fluorescence-based visualization step produces a highly sen-
sitive assay. For example, the methods described herein can
detect active tyrosinase in, e.g., the medulla cells of the hair
shaft.

[0095] By probing skin with the assays described herein,
the inventors have identified a new site of tyrosinase activ-
ity—the epithelial cells of the hair medulla—which are
known to receive numerous melanosomes from melano-
cytes. Given the key role of tyrosinase in melanin produc-
tion, these results suggest that melanogenesis continues
following melanosome transfer, conferring a pigmentary
finction on cells that, by their nature, are not pigment
forming.

[0096]

[0097] The tyrosinase assay described herein possesses
similarities with catalyzed reporter deposition (CARD [35]),
a signal amplification technique applied to immunostaining
and other immunoassays In the CARD procedure, horserad-
ish peroxidase is attached to a solid phase (e.g., a tissue
section), often through linkage of the enzyme to an antibody
or streptavidin The peroxidase subsequently reacts with a
biotinylated phenolic compound (eg biotinyl tyramide),
causing the deposition of this compound near the enzyme.
Presumably, the peroxidase converts the phenol group into
a free radical, which bonds to electron-rich molecules on the
solid phase surface The solid phase is then probed with
streptavidin conjugated to either a dye or an enzyme These
streptavidin conjugates bind to the biotin deposits, thereby
amplifying the immunoassay signal.

[0098] The tyrosinase assay described herein takes advan-
tage of the structural resemblance between the natural
substrates of tyrosinase and other phenolic compounds, e.g.,
biotinyl tyramide. In one embodiment of the assay, histo-
logical sections are incubated with biotinyl tyramide, typi-
cally for about 10 minutes. Analogous to CARD, the assay
generates stable deposits of the biotinylated substrate, which
are then detected with streptavidin-dye conjugates.

[0099] During staining, peroxidases are a potential source
of background, since these enzymes may react with the
biotinyl tyramide, causing CARD-like deposition. Thus, at
the start of the assay procedure, can be exhausted or
quenched by treatment with hydrogen peroxide.

[0100] Tyrosinase possesses greater resistance to peroxide
treatment, maintaining its activity at peroxide concentrations
that exhaust peroxidase. Thus, the assay procedure can
utilize peroxide treatment to enhance assay specificity.

[0101]

[0102] The methods described herein involve contacting
the cell or tissue sample to be assayed (e.g., the cell or tissue
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explant or an in vitro cultured cell or tissue) for tyrosinase
activity with a tyrosinase substrate. The tyrosinase substrate
can be, e.g., tyrosine, tyramide, or DOPA (3 hydroxylty-
rosine), or a tyrosine analog or derivative or other phenolic
compound which is capable of reacting with tyrosinase.
Preferably, the substrate is coupled to biotin.

[0103] Among the compounds which are substrates for
tyrosinase which can be used are, e.g., dopamine, resorcinol,
4-hydroxyanisole, butylated hydroxyanisole, L.-3,4-dihydro-
phenylalanine, tertbutylcatechol, hydroquinone, 6-hydroxy-
dopa, N-acetyl-4-S-cysteaminylphenol (N-Ac-4-S-CAP) or
methyl gallate.

[0104]

[0105] The assays described herein are not restricted in
their use to separated epidermis. The assays also work
frozen tissue sections, e.g., intact skin and eye sections, and
are therefore useful for histological analysis and clinical
diagnosis. The methods do not require a particular method of
tissue fixation, as the assay works with unfixed cells or tissue
or with several kinds of fixatives, e.g., methanol/acetone
fixation, or formaldehyde fixation. The assay can work with
paraffin sections, e.g., renatured paraffin sections. Other
useful tissue fixation methods are known to one of ordinary
skill in the art.

[0106]

[0107] Biotin is a small molecule which can have little
effect on a molecule’s function or even molecular weight.
Biotin’s small size makes it an excellent tag in the methods
described herein. Biotin binds tightly to avidin or strepta-
vidin. Avidin and streptavidin are available from commer-
cial sources (e.g., Molecular Probes, Inc.) already conju-
gated to labels. Methods of making biotinylated compounds
are described in Avidin-Biotin Chemistry: A Handbook,
Pierce Chemical Company, 1992. The primary building
blocks for preparing biotinylation reagents are biotin and
biotin-XX, where “X” represents a seven-atom aminohex-
anoyl spacer between biotin and the reactive carboxylic acid.
This spacer helps to separate the biotin moiety from its point
of attachment, potentially reducing the interaction of biotin
with the biomolecule to which it is conjugated. Avidin and
streptavidin are generally interchangeable.

[0108] Preferably, the tyrosinase substrate, ¢.g., tyramide,
DOPA, or a tyrosine analog, is coupled to biotin and the
label is coupled to streptavidin. Biotinyl tyramide and
streptavidin coupled to fluorescent labels, e.g.., streptavidin-
fluorescein or streptavidin-Texas Red, are available com-
mercially. Biotinyl tyramide can also be prepared as
described herein (see Example 3).

[0109] Uses

[0110] The methods described herein will be useful in
diagnostic, prognostic, and screening applications. The color
of mammalian skin and hair is determined by a number of
factors, including the degree of tyrosinase activity, which is
the key and rate limiting enzyme for melanin production.
Melanin is found in specialized pigment producing cells
known as melanocytes. These cells originate in the neural
crest and during embryogenesis are distributed throughout
the body, including the skin, eyes, and CNS. Those that are
present in the skin are normally present in the basal layer of
the epidermis and the hair follicles. Thus, the presence or

Processing of Samples

Biotinylation of Proteins
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absence of tyrosinase in these tissues, assayed by the meth-
ods described herein, can be used, for example, in the
diagnosis of pigment cell discases, e.g., hyper- or hypo-
pigmentary conditions or disorders, e.g., vitiligo or albinism,
e.g., tyrosine-negative oculocutaneous albinism, or tyrosi-
nase-positive oculocutaneous albinism.

[0111] Melanoma cells also express tyrosinase. Thus, the
methods described herein can also aid in the diagnosis of
melanoma. For instance, the assay can be used for the
identification of circulating tyrosinase-expressing tumor
cells in melanoma patients. Also, since tyrosinase is not
normally found in lymph nodes or in the circulation, the
presence of tyrosinase (and by extension, melanin contain-
ing cells) in lymph node sections or blood samples can be
used as evidence that metastatic melanoma cells are present.
In addition, melanomas expressing early markers but lack-
ing intermediate or late markers have an epithelial morphol-
ogy, lack pigmentation, and have low levels of tyrosinase. In
contrast, melanomas expressing late markers have a spindle-
shaped or polydenritic morphology, are pigmented, and have
high levels of tyrosinase. Thus, the tyrosinase assays
described herein can be useful to distinguish between these
different stages.

[0112] The methods is particularly useful as a high-
throughput assay for known or potential drugs or treatments
(test compounds or treatments), e.g., cosmetics, that affect
pigmentation, €.g., potential skin, eye, or hair pigmentation
or de-pigmentation compounds. For example, in one
embodiment, one can provide a plurality of cells, e.g.,
cultured cells, e.g., cultured melanocytes, and screen com-
pounds (e.g., botanical compounds or plant exiracts, or a
library of test compounds, e.g., small molecules) for their
ability to modulate tyrosinase activity in the cultured cells.
The tyrosinase activity of the cells can be assayed (e.g., in
the presence and absence of the test compounds) according
to the methods described herein. Test compounds that affect
(c.g., increase or decrease) the tyrosinase activity of the
cultured cells can be identified as drugs or treatments for the
treatment of hyper- or hypo-pigmentary conditions, e.g.,
conditions or disorders described herein, or as cosmetic
treatments for pigmenting or de-pigmenting tissue, e.g.,
skin, hair, or eyes. In addition, since UV light stimulates
tyrosinase activity, the assays described herein can test the
effectiveness of sunscreens or other agents that protect
against UV damage.

[0113]

[0114] Using the assay described herein, tyrosinase posi-
tive cells were detected at regular intervals in the basal layer
of the epidermis. These cells appeared dendritic, possessing
stained processes, or rows of stained granules, that extended
between other epidermal cells. Thus in location and mor-
phology, the tyrosinase-positive cells resembled melano-
cytes. It is thought that melanocytes vary in number accord-
ing to body site, with the ratio of melanocytes to basal
keratinocytes ranging from 1:4 to 1:10 [8]. The number of
tyrosinase-positive cells fell within these melanocyte esti-
mates, though staining generally matched the highest
reported densities of melanocytes. Thus, the frequency of
tyrosinase-positive cells was consistent with the accepted
distribution of melanocytes.

[0115] As part of assay development, the assay was tested
on tissue fixed with formaldehyde or methanol:acetone. The
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assay worked with both fixatives, as positive cells displayed
intense signals and similar distributions in all samples.
However, a lack of fixation did not impede staining, as
positive cells exhibited similar frequencies in fixed and
unfixed human skin. The assay stained unfixed skin even
when the tissue was maintained in PBS for several hours at
4° C. prior to embedding. Thus, the assay detects a highly
stable feature of a specific cell population and, as a result,
does not require a particular method of tissue preparation or
fixation.

[0116] To assess sensitivity, the assayed skin samples were
stained for melanin using the Masson-Fontana technique.
Melanin was abundant in one biopsy and barely detectable
in the other, yet the two samples displayed equivalent
tyrosinase staining patterns in the assay describe herein.
Thus, the assay is not dependent on the level of melanin and
produces a strong signal in skin with little pigmentation.

[0117] As a test of the assay’s efficacy, the assay was
performed on skin with pigmented nevi, the benign melano-
cyte tumors commonly known as “moles™[1]. Positive cells
were found in clusters at the dermal-epidermal junction, and
these clusters resembled melanocyte nests, structures char-
acteristic of nevus histology. Thus, the assay is capable of
identifying pigment cell pathologies, including melanocytic
tumors.

[0118] To confirm the enzymatic basis of the assay, normal
skin was assayed in the presence of kojic acid, an inhibitor
of tyrosinase [37]. This inhibitor completely blocked the
staining reaction, confirming that tyrosinase generates the
signal. As a further test of assay specificity, the assay was
performed on skin diagnosed with vitiligo, a disease result-
ing in the loss of cutaneous melanocytes [1]. No staining
was observed in vitiligo-affected skin, showing that the
assay identifies a trait strictly associated with pigment cells.

[0119] In one embodiment of the assay, biotinyl tyramide
is applied to the sections in a buffer developed for CARD
(amplification diluent; see Examples), which contains a low
concentration of hydrogen peroxide [35]. To assess perox-
ide’s role, the amplification diluent was replaced by 50 mM
Tris (pH 8 0) with or without 0 01% hydrogen peroxide. In
assays of normal human skin, positive staining was visible
without peroxide, but peroxide greatly amplified the signal,
increasing the sensitivity of the assay (data not shown).
Thus, the assay can be performed with a common buffer, and
hydrogen peroxide facilitates or stimulates the staining
reaction.

[0120] Tt is thought that melanocytes are the sole produc-
ers of tyrosinase in the skin, but since the enzyme localizes
to melanosomes, epithelial cells may acquire tyrosinase
during pigment transfer. Thus, to identify all tyrosinase
positive cell types, normal skin was double-stained using the
assay described herein and antibodies to either melanocyte
or keratinocyte markers. In the epidermis, tyrosinase stain-
ing correlated precisely with the distribution of ¢-Kit, a
receptor tyrosine kinase present on melanocytes and several
nonepidermal cell types (e.g., mast cells, germ cells, and
hematopoietic stem cells [38]). In contrast, the tyrosinase
staining pattern did not overlap with the distribution of
keratin, the intermediate filament proteins characteristic of
epithelial cells. Thus, in the epidermis, assay-positive cells
exclusively possess markers associated with melanocytes.
Thus, the assay described herein is a specific indicator of
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pigment cells in the skin, and tyrosinase is the likely catalyst
of the staining reaction. The assay is highly sensitive, as it
detects numerous melanocytes in skin with low melanin
levels.

[0121]

[0122] As a further test of its effectiveness, the assay was
performed on eyes from black or albino mice. The albino
animals carry a missense mutation in the tyr gene [29, 31],
which inactivates tyrosinase and abolishes melanin synthe-
sis. In adult black mice, strong staining was observed
throughout the iris and choroid, precisely matching the
distribution of melanin. In contrast, the retinal pigment
epithelium exhibited weak staining, though this compart-
ment also possessed significant melanin levels. Kojic acid
inhibited all ocular staining, identical to its effect on human
skin assays In albino animals, weak staining was observed
in the retinal pigment epithelium, but no staining was
detected in the iris and choroids.

[0123] Taken together, these results demonstrate that the
tyrosinase assay is a highly specific indicator of tyrosinase
activity. In the iris and choroid, the assay displays an
absolute specificity for tyrosinase, as the albino mutation
eliminates all staining In the retinal pigment epithelium,
weak staining is generated through a tyrosinase-independent
mechanism (perhaps the tyrosinase-related proteins [2, 197]),
since this staining was not prevented by the albino mutation

[0124] Nonetheless, this weak signal differs dramatically
with the intense staining specific to tyrosinase, and thus,
tyrosinase is the only source of a strong signal.

[0125] Tt is known that ocular melanogenesis is greatest in
early life, and that the adult eye exhibits a low rate of
melanin turnover ([39] and references therein). Using 3-H-
methimazole incorporation as a marker for melanin produc-
tion, Lindquist et al. [39] probed mature murine eyes and
detected melanogenesis in the iris and choroid; for adult as
well as juvenile animals, no melanin synthesis was observed
in the retinal pigment epithelium. Consistent with this study,
the assay described herein detects significant tyrosinase
activity in the iris and choroid, but little or no activity in the
retina. Thus in adult mice, the retina normally lacks the
ability to produce melanin, while the iris and choroid
maintain their pigment-forming function.

[0126]

[0127] To examine melanogenesis in the hair follicle, the
methods described herein were performed on skin from
seven-day-old black mice. At this developmental stage, the
skin contains a high density of hair follicles producing
pigmented hair. Tyrosinase staining was most intense near
the base of the differentiating hair shaft (FIG. 2), the site of
most melanocytes in murine skin. These tyrosinase-positive
cells formed a cone around the apex of the follicular papilla,
which resembled the conical melanocyte cluster known to
pigment the hair. Surprisingly, staining was not limited to
the melanocyte cone, as tyrosinase-positive cells were
observed within the differentiating hair itself. This hair-shaft
staining proceeded from the cone towards the surface of the
skin and exhibited a lower intensity than the conical signal.
While most cutaneous staining was associated with the
growing hair, positive cells were also detected occasionally
in the epidermis, dermis, and outer root sheath, consistent
with reports of melanocytes or their precursors in these
compartments [6].

Pigmentation in the Eye
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[0128] As in other pigmented tissues, kojic acid blocked
tyrosinase staining in the skin of black mice (FIG. 5B).
Moreover, albino animals exhibited no positive cells in the
hair follicles (FIG. 5C), dermis, or epidermis (not shown).
Thus, the assay is specific for tyrosinase activity in the skin
and its appendages. Within the hair shaft, melanin normally
accumulates in the cortex and (if present) medulla, which
form concentric cylinders [10]. In mouse coat hair, the
medulla typically exhibits greater pigmentation than the
cortex, and within the medulla, the melanin becomes con-
centrated at regular intervals, producing a ladder of pig-
mented bands.

[0129] To assess the location of tyrosinase in the hair
shaft, skin was triple-stained using the tyrosinase assay,
Hoechst dye 33258, and antibodies to trichohyalin, a marker
of the medulla and inner root sheath [40, 41]. As shown in
FIG. 6, positive cells were found mainly in the medulla, but
the tyrosinase staining did not overlap with the trichohyalin
or DNA staining. Rather, the tyrosinase and trichohyalin/
DNA signals generated a ladder of alternating bands, show-
ing that tyrosinase, like melanin, is sequestered into a
distinct compartment.

[0130] Based on electron microscopy and other studies, it
is thought that melanocytes remain anchored in the hair bulb
during the growth of a hair [6, 9, 10]. At the base of the hair
shaft, melanocytes transfer melanosomes to the precursors
of the cortex and medulla, which migrate upwards through
the conical melanocyte cluster; for normal hair follicles,
there is no evidence that melanocytes rise with the epithelial
cells of the growing hair Consistent with this idea, staining
proceeded from the hair bulb to the midpoint of the follicle,
where its disappearance coincided with the loss of nuclei by
medullary epithelial cells (FIG. 7A). It is known that the
destruction of the nucleus is one of the final steps in the
differentiation of the medulla and other cutaneous epithelia
[9, 10]. Thus, tyrosinase activity is lost as the epithelial cells
complete their differentiation and die, suggesting that these
cells possessed the tyrosinase.

[0131] To examine dendritic cell distribution directly, skin
was stained using antibodies against S-100, a protein present
in melanocytes, Langerhans cells, neural cells, and other cell
types [42]. In the internal portions of the hair follicle, S-100
was detected in a conical region around the follicular papilla
(FIG. 7B), matching the accepted location of melanocytes.
No S-100 staining was observed in the differentiating hair
shaft, consistent with the absence of melanocytes from this
structure, Thus, it ¢can be concluded that the hair follicle
contains active tyrosinase in two cell types—melanocytes
and the differentiating epithelial cells of the medulla.

EXAMPLES
Example 1

Tissue Processing

[0132] Prior to staining, tissue samples can be processed
in different ways. The methods described herein work with
frozen sections and several kinds of fixatives, e.g., methanol/
acetone fixation, or formaldehyde fixation, with paraffin
sections, e.g., renatured paraffin sections, and with unfixed
tissue. The processing of tissue described herein is repre-
sentative and is not meant to be limiting. Various other
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fixation and processing techniques are known to those of
ordinary skill in the art. The method works without fixation
as well.

[0133] For formaldehyde fixation, tissue samples were
incubated overnight at 4° C. in phosphate-buffered saline
(PBS) with 1% methanol-free formaldehyde (Polysciences,
Inc) The samples were then transferred to 20% sucrose at 4°
C. for 7-24 hours. To embed the tissue for sectioning,
biopsies were blotted briefly on lens paper (to remove excess
sucrose solution) and surrounded with OCT compound
(Tissue-TekNVWR Scientific) in a peel-a-way tray (VWR
Scientific) The tissue was then flash-frozen in an isopentane
bath at =70° C. Sections were cut at a thickness of ~6 um,
air-dried at room temperature, and stored at -70° C.

[0134] For methanol:acetone fixation, tissue samples were
flash-frozen in OCT compound immediately after biopsy
Sections were cut at a thickness of ~6 um and, after
adherence to the slide, placed directly (while wet) in 1:1
methanol:acetone at ~20° C. In general, samples were fixed
for 5-15 minutes, but the length of fixation did not affect
results Following fixation, sections were air-dried at room
temperature and stored at -70° C.

[0135] To observe the distribution of melanin, Masson-
Fontana staining [34] was performed.

EXAMPLE 2

Visualization of Tyrosinase

[0136] The following is one embodiment of the methods
described herein.

[0137] Allsteps of the procedure were performed at room
temperature in a humidified chamber. Formaldehyde-fixed
sections were permeabilized with 0 1% NP-40 in PBS for 15
min; methanol:acetone-fixed sections were hydrated with
PBS for 5 min and did not require permeabilization To
quench peroxidase activity, all sections were treated with 3%
H,0, in PBS for 10 min; peroxide was then removed by one
wash with PBS (5 min). To reduce background staining, the
samples were blocked with 5% bovine serum albumin
(BSA; fraction V; Bochringer Mannheim) in PBS (10-30
min); this incubation was followed by treatment with the
avidin/biotin blocking kit of Vector Laboratories

[0138] The tyrosinase reaction utilized biotinyl tyramide
and amplification diluent from the TSABiotin System (NEN
Life Science Products, Inc ), a kit optimized for the CARD
(catalyzed reporter deposition) staining technique (35). (One
can also use biotinyl tyramide prepared as described in
Example 3). The biotinyl tyramide was reconstituted in
dimethyl sulfoxide (DMSO) according to the manufactur-
er’s instructions, diluted 1:50 in amplification diluent, and
applied to the sections For murine samples, the tyrosinase
reaction was incubated 5-10 min, while for human samples,
the incubation time was 10-20 min. The sections were then
washed three times with 0.1% NP-40/PBS (5 min cach
wash). Strepta-,idin-CY3 was diluted into 5% BSA/PBS
(1:600) and incubated with the sections for 1 hour The
samples were then washed once with 0 1% NP-40/PBS (5
min). Hoechst dye 33258 (10 mg/ml in PBS; Fluka Chemi-
cal Corp ), a DNA stain, was diluted 1:10000 into 0 1%
NP-40/PBS and applied to the sections for 2 min The
samples were washed once with 0 1% NP-40/PBS (5 min)
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and once briefly with distilled water. The sections were then
air-dried and mounted with fluorescence mounting medium
(Kirkegaard and Perry). Visualization of the samples can be
performed through conventional fluorescence imaging tech-
niques.

EXAMPLE 3

Preparation of Biotinylated Tyramide

[0139] Stock solution:
[0140] Sulpho-NHS-LC biotin (100 mg)
[0141] 50 mm borate buffer pHS8.0 (40 ml)
[0142] Tyramide hydrochloride (30 mg)
[0143] Stir gently at room temperature until solution

completely dissolved. Filter through 0.45 um syringe
filter.

[0144] Working solution:
[0145] Stock solution (25 ul)
[0146] 0.05M TBS pH 7.6 (1 ml)
[0147] Aliquot and store at -20° C.
EXAMPLE 4
Immunofluorescence
[0148] Immunofluorescent staining was performed as

described [36], except that frozen sections were permeabi-
lized with 0 1% NP-40/PBS (15 min) at the start of the
procedure Rabbit polyclonal antibodies to S-100 (1:500)
were from Neomarkers, Inc/Lab Vision Corp.

[0149] To double-stain sections using the methods
described herein and immunofluorescence, the tyrosinase
assay protocol was performed up to (but not including) the
streptavidin-CY3 incubation Primary antibodies (rabbit
polyclonals) were then diluted into 5% BSA/PBS and
applied to the sections for 1 hour at room temperature.
Aantibodies to human ¢-Kit (1:100) were from MBL, anti-
bodies to pan-cytokeratin (1:50) were from Zymed, and
antibodies to trichohyalin were the gift of Dr. George E.
Rogers (University of Adelaide). Following this incubation,
the sections were washed three times with 0 1% NP-40/PBS
(5 min). StreptavidinCY3 (1:600) and fluorescein-conju-
gated goat antibodies to rabbit IgG (1:50; Pierce) were
diluted together into 5% BSA/PBS and applied to the
sections for 1 hour at room temperature. The sections were
then washed with 0 1% NP-40/PBS, stained with Hoechst
dye 33258, washed again and mounted as described herein.
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1. A method of detecting tyrosinase in a cell or tissue
sample, comprising;

contacting a cell or tissue sample with a tyrosinase
substrate, said substrate being coupled, directly or
indirectly, to a label; and

detecting the presence of the labeled substrate bound to
tyrosinase or another molecule of the sample,

thereby detecting tyrosinase in a cell or tissue sample.

2. The method of claim 1, wherein the sample is a skin cell
or tissue.

3. The method of claim 1, wherein the sample is an eye
cell or tissue.

4. The method of claim 1, wherein the sample is a blood
tissue.

5. The method of claim 1, wherein the sample is a lymph
tissue.

6. The method of claim 1, wherein the tyrosinase substrate
is tyrosine or a tyrosine analog.

7. The method of claim 1, wherein the tyrosinase substrate
is tyramide.

8. The method of claim 1, wherein the tyrosinase substrate
is DOPA.

9. The method of claim 1, wherein the tyrosinase substrate
is coupled to first member of a specific binding pair and the
label is coupled to a second member of a specific binding
pair.

10. The method of claim 9, wherein the first and second
members of the specific binding pair are biotin and strepta-
vidin.

11. The method of claim 9, wherein the first and second
members of the specific binding pair are antigen and anti-
gen-specific antibody.

12. The method of claim 1, wherein the label 1s a
fluorescent label.

13. The method of claim 1, wherein the sample is a frozen
section.

14. The method of claim 1, wherein the sample is unfixed
or fixed in one or more of: methanol, acetone, and formal-
dehyde.

15. A method of detecting tyrosinase in a sample, com-
prising:

contacting the sample with a biotinylated tyrosinase sub-
strate;

contacting the sample with streptavidin conjugated to a
label; and

detecting the presence of the label,

thereby detecting tyrosinase in a sample.

16. The method of claim 15, wherein the sample is a skin
cell or tissue.

17. The method of claim 15, wherein the sample is an eye
cell or tissue.

18. The method of claim 15, wherein the sample is a blood
tissue.

19. The method of claim 15, wherein the sample is a
lymph tissue.

20. The method of claim 15, wherein the tyrosinase
substrate is tyrosine or a tyrosine analog.

21. The method of claim 15, wherein the tyrosinase
substrate is tyramide.

22. The method of claim 15, wherein the tyrosinase
substrate is DOPA.

23. The method of claim 15, wherein the label is a
fluorescent label.

24. The method of claim 15, wherein the sample is a
frozen section.
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25. The method of claim 1, wherein the sample is unfixed
or fixed in one or more of: methanol, acetone, and formal-
dehyde.

26. A method of identifying a compound that modulates
pigmentation, the method comprising:

contacting a cell or tissue with a test compound;

contacting the cell or tissue with a tyrosinase substrate,
wherein the tyrosinase substrate is coupled directly or
indirectly to a label;

detecting the label in the cell or tissue; and

selecting the test compound as a compound that modu-
lates pigmentation if the amount, localization, or dis-
tribution of the label in the presence of the test com-
pound differs from the amount, localization, or
distribution of the label in the absence of the test
compound,

thereby identifying a compound that modulates pigmen-

tation.

27. The method of claim 26, further comprising the step
of contacting the cell or tissue with UV radiation.

28. The method of claim 26, wherein the cell or tissue is
a skin cell or tissue.

29. The method of claim 26, wherein the cell or tissue is
hair.

30. The method of claim 26, wherein the cell or tissue is
an eye cell or tissue.

31. The method of claim 26, wherein the tyrosinase
substrate is tyrosine or a tyrosine analog.

32. The method of claim 26, wherein the tyrosinase
substrate is tyramide.

33. The method of claim 26, wherein the tyrosinase
substrate is DOPA.

34. The method of claim 26, wherein the tyrosinase
substrate is coupled to biotin and the label is coupled to
streptavidin.

35. The method of claim 26, wherein the label is a
fluorescent label.

36. The method of claim 26, further compromising the
step of testing the selected compound in vivo on an animal.

37. The method of claim 26, wherein the selected com-
pound is a skin, hair or eye bleaching agent.

38. The method of claim 26, wherein the selected com-
pound is a skin, hair or eye darkening agent.

39. The method of claim 27, wherein the selected com-
pound is a sunscreen.

40. A method of identifying a compound that modulates
pigmentation, the method comprising:

contacting a cultured melanocyte with a test compound,

contacting the cultured melanocyte with a tyrosinase
substrate, wherein the tyrosinase substrate is coupled
directly or indirectly to a label;

detecting the label in the cultured melanocyte; and

selecting the test compound as a compound that modu-
lates pigmentation if the amount, localization, or dis-
tribution of the label in the presence of the test com-
pound differs from the amount, localization, or
distribution of the label in the absence of the test
compound,

thereby identifying a compound that modulates pigmen-
tation.
41. The method of claim 40, wherein the test compound
is a small molecule.
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