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ABSTRACT

The murine & locus encodes the tyrosinase related protein, TRP-1, a putative membrane-bound,
copper-containing enzyme having about 40% amino acid identity with tyrosinase. The protein is
essential for production of black rather than brown hair pigment. We show that skin of mutant brown
mice contains the same amount of TRP-1 mRNA as wild type. On sequencing the coding region of
the mutant mRNA we find four nucleotide differences from the wild-type (Black) sequence. Two of
these differences result in different amino acid residues encoded by the brown allele. By sequencing
the TRP-1 gene from a mouse in which a reversion from brown to Black has been induced by
ethylnitrosourea we are able to show that only one of these amino acid changes, which substitutes a
tyrosine for a conserved cysteine, is the cause of the brown phenotype. This mutation is adjacent to
another cysteine at which, in the analogous position in tyrosinase a mutation results in the albino
phenotype. The sequence of the revertant is the first report of DNA sequence of an ethylnitrosourea-

induced genetic change in mouse.

HE origins of a few mouse mutations go back to
the mouse fancy, when mice were kept solely
for aesthetic rather than scientific purposes. These
old mutations are mostly, unsurprisingly, pigmenta-
tion or coat-color variants, which may have been
isolated from wild populations. When genetic studies
were initiated on the mouse, it was to these mutations
and their wild-type alleles to which attention was first
drawn. As a result of studies on these mutations, and
on the many more isolated in this century, the genetics
of pigmentation is the best understood complex de-
velopmental system in the mouse (SILVERS 1979; JACk-
SoN 1985). In addition, six of these old mutations are
used in the specific locus mutation tests (RUSSELL
1951; SEARLE 1974). In these experiments new alleles
of non-agouti, brown, albino, dilute, pink-eyed dilution
and piebald (plus the morphological mutation short-
ear) are isolated from the offspring of mutagenized
or control wild-type animals crossed with tester stocks
homozygous for all seven mutations. Consequently,
there exists a large body of knowledge as to the
mutation rates of the different loci, under different
treatments, as well as a large number of new mutant
alleles at all the loci.

There has also been work to examine reversion
rates of 4 of these old mutations. Two mutations, non-
agouti and dilute, spontaneously revert or further mu-
tate at a relatively high frequency (4.2 X 107% and 3.9
x 1078 respectively), although only dilute reverts to
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true phenotypic wild type (SCHLAGER and DICKIE
1967, 1971). Two others, albino and brown, revert
very rarely; both have spontaneous reversion rates of
less than 1 in 10°. Only one apparent albino revertant
mouse (discussed in SCHLAGER and DICKIE 1971) and
an apparent albino revertant cell line (I. J. JaACKsON
and D. C. BENNETT, in press) have been noted. Spon-
taneous reversion of the drown mutation has never
been documented, despite analysis of several million
animals. Nor have revertants of albino or brown been
found following radiation mutagenesis, although non-
agouti and dilute revert at higher frequency following
irradiation (FAVOR, NEUHAUSER-KLAUS and EHLING
1987a). Only a single brown revertant mouse stock has
ever been recovered, which was isolated following
chemical mutagenesis with ethylnitrosourea (ENU)
[FAVOR, NEUHAUSER-KLAUS and EHLING (1987b) and
our unpublished results].

This accumulated knowledge and the resource of
mutations makes the development of pigmentation an
attractive candidiate for the application of molecular
genetics. DNA closely linked to non-agouti (SIRACUSA
et al. 1987; LOVETT et al. 1987), and from within
dilute (JENKINS et al. 1981; COPELAND, HUTCHISON
and JENKINS 1983), has been cloned. The cDNA prod-
uct of the albino locus, which encodes the enzyme
tyrosinase, was also recently cloned (KWON et al. 1987,
1989; YAMAMOTO ¢t al. 1987, 1989; RUPPERT et al.
1988; MULLER et al. 1988). We have shown that
another cDNA, pMT4 (SHIBAHARA et al. 1986) en-
codes a protein evolutionarily related to tyrosinase,
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tyrosinase-related protein (TRP-1) which maps at or
close to the brown locus (Jackson 1988). The restric-
tion fragment length variant used to localize the TRP-
1 gene is associated with the mutation carried in all
common brown laboratory inbred strains, demonstrat-
ing a common origin for this mutation in the mouse
fancy.

The amino acid similarities between human and
mouse tyrosinases and the mouse TRP-1 sequence
define a number of regions likely to be important for
function of the two proteins. All have putative signal
sequences at their N termini and hydrophobic trans-
membrane domains near their C termini. They all
contain two regions which show extensive similarity
to the copper binding sites of Neurospora and Strep-
tomyces tyrosinases, and one of these sites is similar
to one of the copper binding sites of arthropod he-
mocyanins [reviewed in MULLER et al. (1988) and
HEARING and JIMENEZ (1989)]. Mammalian tyrosi-
nases, like the lower eukaryotic and bacterial enzymes,
contain two copper atoms. In addition they are local-
ized on the inner face of the melanosome, the intra-
cellular site of melanin synthesis. It is highly likely
that TRP-1 is also a membrane-bound copper-contain-
ing enzyme. The mammalian proteins also have a
similar number of apparently conserved cysteine res-
idues. Both mouse and human tyrosinase have 17
cysteines in identical positions (human tyrosinase has
one additional cysteine residue in the cytoplasmic
domain). Fifteen of these are also found in equivalent
positions in TRP-1; the two additional residues in
tyrosinase being one in the signal sequence, and one
at the C-terminal end of the transmembrane domain.
Within the central portion of the molecules most of
the amino acid similarity between TRP-1 and tyrosin-
ase is located around the putative copper-binding
domains and in two domains defined by the cysteine
residues (see DISCUSSION and Figure 4).

We have determined the nucleotide sequence of the
coding region of the TRP-1 gene from mutant brown
mice, and find a number of differences from the wild-
type (C57BL/6) sequence. Two of the nucleotide dif-
ferences change the coding potential of the gene; both
change amino acids which are also found in tyrosinase,
one changes an arginine to histidine, the other
changes one of the conserved cysteines to tyrosine. As
a point mutagen (ENU) was able to induce a reversion
of brown, we suspected that only one of these changes
was the cause of the mutation. We sequenced the
variant regions in the revertant TRP-1 gene, and find
that only the cysteine is restored.

The importance of this region of the molecule to
the protein’s function is further underlined by the
change in the albino mutation being localized also to
a conserved cysteine residue of tyrosinase, only 3

residues away from a position equivalent to the brown
mutation of TRP-1.

MATERIALS AND METHODS

RNA preparation: RNA was prepared from fresh or
frozen neonatal mouse dorsal skin by homogenization in 3
M LiCl, 6 M urea (LOVELL-BADGE 1987). The RNA was
precipitated overnight at 4°, centrifuged, washed in LiCl/
urea and resuspended in 10 mm Tris (pH 7.5) and 0.1%
sodium dodecyl sulfate (SDS). The RNA was deproteinized
by digestion with 100 ug/ml proteinase K and extraction
with phenol and chloroform before ethanol precipitation.
The RNA pellet was subsequently resuspended in RN Aase-
free water.

Northern blots: RNA was electrophoresed through 1%
agarose gels containing 2.2 M formaldehyde in 40 mm
MOPS (pH 7), 5 mM sodium acetate, 1 mM EDTA (LEHRACH
et al. 1977) before blotting in 10 X SSC to nitrocellulose
(Amersham Hybond-C) [1 X SSC is 0.15 M NaCl and 0.015
M sodium citrate (pH 7)].

Following transfer of RNA, the filters were baked at 80°,
and prehybridized briefly in 50% formamide, 4 X SSC, 10
X Denhardt’s solution, 0.1% sodium pyrophosphate, 0.1%
SDS and 100 pg/ml denatured salmon-sperm DNA, and
hybridized at 47° for at least 16 hr in the same solution (1
X Denhardt’s solution is 0.02% bovine serum albumin,
0.02% Ficoll and 0.02% polyvinyl pyrrolidine).

Hybridization probes were made by labeling the 1.6-kb
HindIIl fragment of pMT4 (SHIBAHARA ¢t al. 1986) with
2P by the method of FEINBERG and VOGELSTEIN (1983).

Oligonucleotides: Oligonucleotides were synthesized on
an Applied Biosystems Inc. model 381 A DNA synthesizer,
deprotected by overnight incubation at 65° in 30% ammo-
nium hydroxide before precipitation from 0.3 M sodium
acetate with 70% ethanol.

Reverse transcription and polymerase chain reaction
(PCR): One microgram of skin total RNA was used to make
double-stranded ¢cDNA using a kit manufactured by Boeh-
ringer Mannheim, according to their instructions. Portions
of the double-stranded cDNA were amplified essentially as
in SAIKI et al. (1988) in 50 mM KCI, 10 mM Tris (pH 8.3),
1.5 mm MgCl,, 0.01% NP-40, four deoxynucleotides at 50
uM, a pair of primers at 3 pg/ml and 2.5 units Taq polym-
erase in a volume of 50 pl, overlaid with paraffin oil.

The standard amplification cycle was; 90 sec at 92°, 90
sec at 53° and 120 sec at 72°, repeated 30 times.

Direct sequencing of PCR product: After preciptation
of the PCR products they were electrophoresed through
low-gelling temperature agarose gels, the ethidium bromide
stained band cut out and equilibrated in PCR buffer before
melting and a fraction subjected to further PCR amplifica-
tion with either the original primer pair, or new primers,
one at 3 ug/ml, the other at 30 ng/ml for a further 30
rounds to generate single-stranded molecules, which were
desalted by passing through G50 Sephadex (Pharmacia). In
some cases the products of the first amplification were
digested with restriction enzyme (Xbal or Pvull), overhang-
ing ends filled in, and double-stranded non-phosphorylated
linkers added. The result of this is to add a new primer at
the restriction site, which is then used in the asymmetrical
amplification.

Single-stranded DNA was sequenced, using either the
limiting primer from the asymmetric amplification, or inter-
nal primers, and Sequenase kits (USB) with **S-dATP ac-
cording to manufacturer’s instructions, and analyzed on 6%
acrylamide sequencing gels.
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FIGURE I.—Northern blot analysis of dorsal skin RNA from 3-
day-old mice of wild-type and brown mutant strains, probed with
TRP-1 ¢cDNA. An aliquot of 10 ug total RNA was loaded in each
lane. Lane 1, C57BL/6 mouse, wild type at the b locus. Lane 2,
BALB/c mouse, brown mutant. In each case the hybridization
reveals the 2500 nucleotide TRP-1 mRNA.

RESULTS

Mutant brown melanocytes produce normal levels
of TRP-1 mRNA: We first considered the possibility
that the brown mutation might be a defect in transcrip-
tion or processing of the TRP-1 gene. We therefore
compared the level of TRP-1 mRNA in total RNA
extracted from the dorsal skin of 3-day-old mouse
pups of BALB/c and of C57BL/6 strains. C57BL/6 is
wild-type at the b locus, and BALB/c carries the brown
mutation. Figure 1 shows a Northern blot of these
RNAs probed with TRP-1 ¢cDNA. The brown mutant
mouse skin contains the same amount of TRP-1
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mRNA as wild-type skin. The defect must be a small
change or a point mutation in the TRP-1 mRNA
sequence.

All common laboratory inbred strains which carry
the brown mutation have the same variant TRP-1
restriction fragment, implying a common origin from
a single progenitor brown mouse (JACKSON 1988). We
therefore sequenced the BALB/c TRP-I mRNA, in
the knowledge that most laboratory brown mice will
have the same sequence.

Nucleotide sequence of brown mutant TRP-1
mRNA: The PCR (SAIKI et al. 1988) was used to
amplify fragments of double-stranded cDNA synthe-
sized by oligo-dT priming of reverse transcriptase on
total RNA from 3-day-old BALB/c mouse skin, fol-
lowed by RNAase H treatment and second-strand
synthesis with DNA polymerase I. It was assumed that
the defect in the brown TRP-1 gene must lie in the
protein it encodes, and we therefore concentrated
only on the open reading frame (ORF) of the cDNA.
We amplified both the whole ORF, using flanking
primers, and smaller fragments within the ORF, and
gel purified the amplified DNA. Primers within the
ORF were then used to amplify single stranded DNA,
by limiting the concentration of one of the priming
pair, and the single stranded molecule was sequenced
using the limiting primer to prime the dideoxynucle-
otide sequencing reaction. Some regions of the gene
were amplified into single-stranded DNA using a
novel procedure, in which a new priming site was
ligated on to a restriction fragment terminus within
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FIGURE 2.—Oligonucleotide primers and sequencing strategy for brown and brown-revertant TRP-1 cDNAs. a) Positions of oligonucleotides

used for both PCR amplification of ¢<DNA and for sequencing. The arrowheads represent the oligonucleotides, and point in a 5" to 3’
direction. The TRP-1 mRNA is represented below, to scale, and numbered according to SHIBAHARA et al. (1986). The ORF is shaded dark,
while the untranslated regions are open bars. b) Sequence analyses used to determine the sequence of brown TRP-1 ¢cDNA, arrows pointing
in the 5" to 3" direction. The four base differences are represented by vertical dashed lines, numbered with their position in the sequence.
¢) Sequence analyses of the brown revertant cDNA, showing the sequence reactions spanning each of the four base variants. Note that base
329 has reverted to wild type while the other three remain as in brown. Directions of arrows are as in b.
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the ORF and this site was used to amplify single
stranded cDNA. The single stranded DNA thus gen-
erated was directly sequenced using the limiting PCR
primer, or internal primers. Figure 2 shows the
primers used for the amplifications, and the regions
sequenced of both mutant and revertant cDNA.

The sequence of the TRP-1 coding region of
BALB/c mice has four differences from the published
(CH7BL/6-derived) sequence, at positions 329, 816,
977 and 1251) (Figure 3). We have confirmed that
these are all genuine differences from wild type by
resequencing the variant portions of the original
pMT4 plasmid, and by sequencing genomic DNA
clones of another wild-type mouse strain, 129 (I. J.
Jackson and D. CHAMBERS, unpublished results). All
four differences are GC to AT pairs. Two (bases 816
and 977) could have arisen from changes of CpG
dinucleotides to TpG or CpA. (The CG in each case
is a contiguous dinucleotide in single exon in the
genome.) The C on each strand of a CG dinucleotide
is a substrate for DNA methylase, which gives rise to
methylcytosine. Deamination of methylcytosine pro-
duces a thymidine/guanosine pair which, if replicated
before repair, gives rise to an A being substituted for
the G on one daughter strand, and so T for the
methyl-C at the next replication (COULONDRE et al.
1978). This is a likely mechanism for the changes seen
at bases 816 and 977, and implies that these CpG
dinucleotides are methylated in germ-line DNA.
Methylation of cytosine residues is not seen in the
other dinucleotides and the other two GC to AT
differences are unlikely to have occurred by this mech-
anism,

Two changes, at nucleotides 816 and 1251 (num-
bering as in SHIBAHARA et al. 1986) are in the third
positions of codons, and do not change the encoded
protein. The C to T change at base 816 eliminates a
Tagql restriction site. This is the source of the restric-
tion fragment length variant which was used to map
the TRP-1 gene to the drown locus in recombinant
inbred strains (JACKSON 1988). The other two changes
alter the coding potential of the TRP-1 gene. The G
to A transition at base 329 changes cysteine residue
86 to tyrosine, and the equivalent nucleotide change
at 977 changes histidine-282 to arginine. The 4 nu-
cleotide differences and the encoded amino acids are
summarized in Figure 3.

The two amino acids changed between wild type
and brown are conserved between wild-type TRP-1
and tyrosinases of mouse and human. In the absence
of further information such a comparison would sug-
gest that both might be important for TRP-1 function.

Nucleotide sequence of a brown revertant: The
induction of a revertant to wild type by chemical
mutagenesis of a brown strain indicated to us that only
one nucleotide change caused the mutant phenotype.

amino acid 86 Tyr
F S G H NCysG T C R P
ttctcaggacacaactGtgggacttgecegtect

base 329 A

S R S N F D S T L I
tccagaagcaacttCgattctactcttata

base 816 T
Taqgl
amino acid 282 His

R P A V QArgR L P E P
agaccagcagtgcagcGtcttecctgagecacag
base 977 A

E W L R R Y N A D I
gaatggctaaggagGtataacgccgatatt
base 1251 A

FIGURE 3.—Sequence differences between wild-type (C57BL/6)
and mutant brown (BALB/c) TRP-1 sequences. Portions of the
C57BL/6 DNA sequence are shown, in lower case, with the variant
bases in upper case, and the BALB/c variant below. The positions
of the variant bases are indicated. The wild-type amino-acid se-
quence is shown above the DNA sequence, using single-letter code;
except where the base variants alter the coding potential, in which
case the three-letter code is used; the BALB/c amino acid being
above the C57BL/6. The Taql restriction site variant is indicated.

To confirm this, and to identify the crucial mutagenic
change, we sequenced the revertant gene. ENU treat-
ment (160 mg/kg) of 14,342 mice of the DBA/2 strain
resulted in one revertant of the brown mutation to
wild type. This is the only brown revertant ever iden-
tified.

Using the same PCR strategies, ds cDNA made
from dorsal skin of 3-day-old homozygous brown rev-
ertant (b*/b*) was sequenced through the regions of
all four brown base changes (Figure 2c). Three of the
four variants remained the same. However, the var-
iant A at base 329 has reverted to the original wild-
type G, thus changing the codon from TAT to TGT,
and restoring cysteine to the protein sequence. This
A to G change is the only base substitution in the
codon which will restore cysteine.

DISCUSSION

The work described here is definitive proof that
TRP-1 is encoded by the brown locus. Furthermore,
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the availability of the revertant mouse has enabled us
to unequivocally show that the cysteine to tyrosine
substitution seen in the drown TRP-1 sequence is the
crucial mutagenic change and that the arginine to
histidine change is probably neutral.

The sequence differences between Black and
brown TRP-1: The origins of the other three nucleo-
tide differences are unknown. We might speculate
that the brown mutation arose in wild mice which were
subsequently brought into captivity. They may be
individual-specific differences, specific to the progen-
itor animal in which the brown mutation occurred,
and fixed in the brown strains by selection of the coat-
color phenotype. Alternatively they may be popula-
tion-wide polymorphisms. The TagqI (base 816) variant
is not seen in any laboratory mice, except brown
strains, but may be found in certain wild populations.
It might be possible to locate the source of the wild
mouse in which the drown mutation originated by
examining wild populations from diverse areas for this
Tagl variant.

The arginine to histidine amino acid change is
probably not common in non-brown mice; given the
conservation of the arginine in tyrosinases. The func-
tion of TRP-1 in the revertant mice might even be
subtly impaired, though the change could be chemi-
cally or functionally neutral. Further study is needed
to compare the revertant pigmentation phenotype to
true wild type. The presence of a second (albeit less
severe) change in the mutant TRP-1 gene might result
from a lack of selection pressure in the wild once the
primary pathological change (to #rown) has occurred.

It is also possible that the (unknown) mutagenic
event which resulted in the drown mutation simulta-
neously caused a number of other base changes. PAST-
NIK et al. (1989), for example, noted that of 25 ENU-
induced mutations in the Drosophila vermillion gene,
three involved double base changes.

ENU mutagenesis: ENU is one of the most impor-
tant experimental mutagens, and its mutagenicity has
been well characterized in many systems, from bacte-
rial to mammalian. Although the molecular nature of
the ENU-induced changes have been characterized in
bacteria and Drosophila, less is known about the na-
ture of ENU-induced base changes in mammals.

ENU is mutagenic by its ethylation activity, usually
of the nucleotide bases, but also of the phosphodiester
backbone. The ethylated bases are misrepaired or
misreplicated. In bacteria the changes are mostly
(70%) GC to AT transitions, probably by unrepaired
O°-ethylguanosine mispairing with thymidine at rep-
lication (RICHARDSON et al. 1987), with almost all the
rest being AT to GC transitions (probably due to
error-prone repair of O*thymidine) (ZIELENSKA, BER-
ANEK and GUTTENPLAN 1988) although transversions
are also occasionally seen. In an extensive study of

ENU-induced germ-line mutations at the vermillion
locus of Drosophila, PASTNIK ¢t al. (1989) showed that
61% of point mutations were of the form GC to AT,
and 18% were AT to GC. The remaining 20% were
transversions; AT to TA or CG and GC to CG or TA.

Almost all that is known about the molecular
changes induced by ENU in mammalian systems
comes from cultured cells or somatic tissues. Using an
HSV-tk containing shuttle vector ECKHARDT et al.
(1988) were able to isolate and sequence 46 ENU-
induced mutations from a human lymphoblastoid cell
line. Fifty percent of these were GC to AT changes,
and 17% were AT to GC. Transversions made up the
remaining 33%, which were largely AT to TA. Two
ENU-induced mutants of the Hprt gene in mouse
lymphoma cells in culture have been sequenced
(VRIELING, SIMON and VAN ZEELAND 1988), and both
affect AT pairs; one is a transition to GC, the other a
transversion to TA. A recent report examined the
effect of ENU mutagenesis on a lacZ transgene in
mouse brain (GOSSEN et al. 1989) and found 4 of 4
changes were GC to AT transitions. In this case the
cells mutated were not dividing, and the mutations
cannot be due to misreplication, but rather to errors
of repair.

Overall the spectrum of ENU mutagenesis in mam-
malian cells does not seem to be significantly different
from Escherichia coli or the Drosophila germ line;
eukaryotes may have a higher rate of transversions,
but in all systems transitions predominate, and of these
G to A is the major change. O°-Ethyl-guanosine is the
major premutagenic adduct. By contrast, no GC to
AT changes have been found induced by ENU in the
mouse germ line. The only ENU-induced germ-line
mutations characterized to date have been in the
globin genes, and their nature has been deduced from
changes in the protein sequence (POPP et al. 1983;
LEWIS et al. 1985; PETERS et al. 1985; PETERS 1986).
All are AT changes; two transversions to TA and two
transitions to GC.

The revertant sequence described here is the first
report of DNA sequence analysis of an ENU-induced
mutation in the mammalian germ line. It too isan AT
to GC transition. We cannot draw any general conclu-
sions from the study as the change for which we
selected (the reversion of the drown phenotype) can
only occur by this transition. Nevertheless this is direct
evidence that these changes do occur, and at a fre-
quency within our experimental range. It is possible
that the mouse germ line has developed a better
mechanism for repairing O%ethyl guanosine adducts,
or that replication-linked mutagenic events predomi-
nate in the germ line.

The albino mutation of tyrosinase: Several differ-
ent groups have reported cloning and sequencing of
mouse tyrosinase cDNAs (YaMaMoToO et al. 1987,
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TRP-1
tyrosinase cC_ cc c _C

1989; KwON et al. 1988; 1989; MULLER et al. 1988).
All are essentially the same, except that of KwoN et
al.,in which Cys-103 is replaced by serine. This region
of their sequence was obtained from BALB/c DNA,
which carries the albino mutation in tyrosinase (KwWoN
et al. 1989). Recently we have sequenced the tyrosin-
ase gene from a melanocyte line which has reverted
from albino to wild type, and shown that indeed the
candidate mutation at residue 103 is the cause of the
albino phenotype (I. J. JacksoN and D. C. Bennett, in
press).

These data underline the importance of the cysteine
residues in maintaining tyrosinase, and tyrosinase-
related, protein function, previously inferred from
their conservation. It is interesting that by contrast,
the tyrosinase of Neurospora has only a single cys-
teine, and Streptomyces’ tyrosinases have none. The
more recently evolved cysteine domains in the mam-
malian proteins may serve a function not seen in the
lower eukaryote and bacterial enzymes; they are not
at the active center, defined by the copper-binding
sites, but yet must have a function vital to the activity
or possibly stability of the proteins, possibly within the
context of the melanosome.

Figure 4 schematically illustrates the primary struc-
ture of mouse tyrosinase and TRP-1, with the patho-
logical cysteine to tyrosine change of the brown mu-
tation of TRP-1 and the pathological cysteine to
serine change of the albino mutation of tyrosinase
highlighted. The arrow indicates the position of the
histidine-282 to arginine variant of TRP-1. The char-
acterization of more mutations at both loci will play
an important role in determining important domains
and residues in this family of proteins, in particular

FIGURE 4.—Schematic compari-
TRP-1 tyrosinase 'son ’of .lhe Tn(')us-e TRP-1 and tyrosin-
) ase amino-acid sequences. The upper
brown Y S albino half of the bars represents TRP-1,
te the lower, tyrosinase. Where amino
acids are identical the bar is shaded
black, where they are functionally re-
lated the bar is hatched. Unrelated
amino acids are indicated by an open
bar, and the bar reduces to half width
where gaps have been introduced to
maximize simifarity. The 15 cysteines
in conserved positions are marked by
a C above the bar. The sequence has
been divided into five sections, to
indicate five putative functional re-
gions; two cysteine-rich regions, two
copper binding domains, and the
transmembrane region, with the cy-
toplasmic domain. The cysteine to
tyrosine mutation causing the brown
mutation of TRP-1, and the cysteine
to serine mutation, the cause of the
albino mutation of tyrosinase, are in-
dicated using the single letter code.

for TRP-1, for which phenotype is the only assay.
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