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The mousesilver locus encodes a single transcript truncated by the
silver mutation
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In mammals, melanin synthesis occurs mainly in highly differen-and regulation are unknown. Both proteins share all other identi-
tiated cells, the epidermal melanocytes, where it is restricted tdiable domains, including the cytosolic ExxPLL motif proposed as
specialized organelles called melanosomes. Among the melan@ melanosomal targeting signal (Xu et al. 1997), as well as ten Ser,
somal proteins known to participate in the control of melanogen-Pro, and Thr-rich tandem repeats in the melanosomal portion.
esis, those encoded at the silver locus (Kwon et al. 1991) are A murine si-derived cDNA named Pmell7 was also first
obviously important, since their impairment by the silveij (u- cloned by Kwon et al. (1995; accession no. U14133). This se-
tation in mice results in premature graying of the hair owing to lossquence is called “Pmell17m” here for clarity. Comparison with the
of follicular melanocytes (Kwon et al. 1991), but their function is human sequences showed 77% nucleotide identity with PMEL17,
disputed. It has been proposed that they are structural matrix prdsut three main differences: (i) The central Ser/Thr/Pro-rich region
teins of the melanosome (Kobayashi et al. 1994). Other roles havis shorter in the murine protein; (ii) the predicted mouse
been claimed, either as “stablins”, proteins retarding melanogen®mell7m” protein lacks the heptapeptide distinguishing human
esis by stabilization of biosynthetic intermediates, or as 5,6-PMEL17 from gp100, and so is actually a gp100 homolog; and (iii)
dihydroxyindole-2-carboxylic acid polymerases (Chakraborty etthere is a region of about 30 amino acids of low similarity to both
al. 1996). human proteins in the C-terminal cytosolic domain.

The homologous human SILV or PMEL17 gene (OMIM Other cDNAs encoding murine homologs of gp100 have been
155550, GDB 6277709) has been widely studied, since its proteineported and were called “gp100” (Schreurs et al. 1997; Zhai et al.
products were proposed as potential markers of human melanoni®97). These were identical and similar to Pmell7m except that
and as immunotherapy targets. An apparently melanocyte-specifihe 3 region of low similarity to the human sequences was miss-
cDNA sequence was originally reported by Kwon et al. (1991;ing. This was because in this region the murine gp100 sequence
accession no. M77348, name PMEL17, also termed D12S53E). kligns numerically with the human, whereas there are three relative
was mapped to human Chromosome (Chr) 12pter-g21, sufficientlgingle-nucleotide deletions in Pmell17m, producing a local frame-
close to the murine silver locus (Chr 10; MGI 98301) to suggestshift in the predicted protein compared with the human protein
similarity. The gene encodes a type 1 transmembrane protein dfig. 1, panel A). In the present work we will refer to this second
668 amino acids, with a potential signal peptide, and putativenurine gp100 homolog as “gp87” for clarity and in reference to
membrane anchor domain near the C-terminus. the protein’s lower molecular weight determined by SDS-PAGE

Soon thereafter, other cDNA clones were reported encoding éollowed by Western immunoblotting (Schreurs et al. 1997, and
melanocyte-specific protein almost identical to PMEL17, termeddata not shown). The murine silver mutation was described as a
either gp100 (as a 100-kDa glycoprotein; Adema et al. 1994), osingle base insertion in this same region, causing a frameshift and
ME20M (Maresh et al. 1994; accession no. M32295). These prodextension of the protein by 12 amino acids (Kwon et al. 1995). The
ucts were identical to each other. The amino acid differences fronpredicted mutant protein lacks the putative melanosomal targeting
PMEL17 were one substitution (P274L) and the deletion of asignal, suggesting misrouting of the protein. Interestingly, this in-
heptapeptide (VPGILLT) located just before the transmembraneertion occurs exactly at the second position where Pmell7m has
region (amino acids 588-594). Partial sequence analysis of gea deletion relative to gp87 (Fig. 1, panel A).
nomic DNA indicated that gp100 and PMEL17 transcripts origi-  The reported differences between gp87 and Pmell7m are sur-
nated from a single gene via alternative splicing (Adema et alprising and difficult to explain. It has not been shown whether
1994). This was confirmed once the full genomic organization andhese sequences can be expressed simultaneously or are allelic, nol
sequence of the human SILV locus were described (Bailin et alwhether any murine homolog of PMEL17, the longer human splic-
1996; Kim et al. 1996). The presence of the VPGILLT heptapep-ing variant, exists. This lack of knowledge of the exact nature and
tide in PMEL17 but not in gp100 results from alternative mRNA relationships of the murine silver products is a serious drawback
splicing to two competing '3splice acceptor sites, whose function for certain immunotherapy studies. We have, therefore, reexam-

ined both the normal and silver mutant sequences, at the cDNA
— and genomic levels.
Correspondence tal.C. Gara-Borrm In order to detect murine silver transcripts, we first amplified
The nucleotide sequence data reported in this paper have been submitted@d®NAs from B16-F10 melanoma cells, wild-type at the silver
Genbank and have been assigned the accession numbers AF118450 (wi@tus. The primers used (SF1/SR1) were common to the reported
sequence) and AF11909gilger mutation). Pmell7m and gp87 transcripts and were chosen to amplify the
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A h: 1865 tataggcgcagacttatgaagcaagacttctccgtaccc...... cagttgccacatagcagcagtcactggctg 1935
6l6 Y R R R L. M K Q D F S V P Q L P H S S S H W 638
b: 1331 tacaggcgaagacttatgaagcaaggctcagaagtcccccttccccagctgccacacggtagaacccagtggcta 1405
444 Y R R R L. M K Q G S E vV P L P Q L P H G R T Q W L 468
mP:1747 c. taggcatagacttaagaagcagggctcag...tttccc ...... aaatgccacatggtagcactcact.gctg 1810
583 L G I D R S R A Q F P KCHMVALTNAA6O4
mg:1744 cataggcatagacttaagaagcagggctcag...tttccc ...... aaatgccacatggtagcactcactggctg 1809
582 H R H R L K K 0 S S Q M P H G S T H W L 603
sX:1747 c. taggcatagacttaagaagcagggctcag...tttccc ...... aaatgccacatggtagcactcactégctg 1811
583 L. G I D L R S R Q F P K C H M V A L T cC 604
s: 1744 cataggcatagacttaagaagcagggctcag...tttccc ...... aaatgccacatggtagcactcactggctg 1809
582 H R H R L K K Q G s V S Q M P H G S T H 601
h: 1936 cgtctaccccgcatcttctgctcttgtcccattggtgagaatagccccctcctcagtgggcagcaggtctga 2007
639 R L P R I F C s C P I N S P L L S G Q Q V 661
b: 1406 cgtctgccctgggtcttccgctcttgccccattggtgagagcaaacccctcctcagtggacagcaggtctga 1477
469 R L P W V F R S C P I G E S K P L L S G Q Q V 491
mP:1811 cgcctgcctccggtctt cgcgcccgcggccttggagaaaacagcccgctcctcagtggacagcaggtctga 1881
605 P s G L R ARG L G E N S P L L S Q Q 626
mg:1810 cgcctgcctccggtcttccgcgcccgcggccttggagaaaacagcccgctcctcagtggacagcaggtctga 1881
604 R L. P P V F R A L N S P L L S G Q Q V 626
sX:1812 cgcctgcctccggtett. cgcgcccgcggccttggagaaaacaqcccgctcctcagtggacagcaggtctga 1881
605 A C L R S S R P R P W R K Q P A P QWTAGLIILKAPWISWG 638
s: 1810 cgcctgectceggtcttecgegeccgeggecttggagaaaacagecccgetectcagtggacagecaggtetga 1881
B SF2/SF1—> SF3—> S§—> <——SR1**<—SR2
a
a gc
T Eamosy | 'E11
— E6 (624) _57(119)\ EB(BA)____ E9(205) _E10(BB) * -3'
. TIM ep

A | .
mouse: CCTthgagtacttaaacatgaactagaagaaacgg..aatggacagagg.ctagctgggaﬁggaacaagacagtga.
Eg...cagtttctggaattctcatttataqETCAAGA |

! Bl B2
human: CCTthaggtccttggacagaqactaaqtgaggagggaagtggatagagggcaagctggca@gcagc.agacactgag
tgaagcagTGCCTGGGATTCTTCTC . ACAGGTCAAAG
Tsa1 Tsaz

Fig. 1. Partial nucleotide and predicted protein sequences of'tkads of GTCCTTGCATCTCTGAT. Reverse: SR1, CEAATTAACCATGTG-
si-related cDNAs, and genomic structure of tHehalf of the genePanel GCATTTGGG; SR2, CAGAATTGSTCAACCCCAGGAT. Primers SF1

A. Sequences of the C-terminal cytosolic domain. Numbers indicate thend SF3 include aspé restriction site and both reverse primegsaRl|
nucleotide or amino acid positions. h: human PMEL17 (Adema et al.sites (italics), used for cloning. The position corresponding to the mela-
1994). This final portion is identical for the two human splice variants, but nosomal transmembrane fragment (TM, exon 10), and the location of the
the numeration corresponds to the shorter form, gp100; b: bovine RPpeptide recognized by themgp87 antiserum (ep, exon 11) are shown as
(Kim and Wistow 1992); mP: murine Pmell7m (Kwon et al. 1995); mg: shadowed boxes. The wild type stop codon in exon 11 is marked by a star.
murine gp87 (Schreurs et al. 1997; Zhai et al. 1997; this paper); sX: silveiThe three single base differences between pmell7m and gp87 are indicated
mutant cDNA (Kwon et al. 1995), with the extended sequence compressedn top of the corresponding exons. The A substitution in the silver mutation
to fit the page, s: silver mutant cDNA (this paper). The peptide used tois shown on top of the wild-type G, and the resulting stop codon high-
generate the antiserusmg87 is underlined. The three differences between lighted with two stars. The sequence of the human and mouse intron 9 is
Pmell7m (Kwon et al. 1995) and gp87 are shadowed. Dots represent gagiown in full: lowercase, intron 9; bold uppercase, flanking exons; italic
for best alignmentPanel B.genomic structure of the' dalf of the human  uppercase, the 21-base segment found in only the longer human transcript.
and mouse silver genes. Introns are shown as lines and exons as box&gst fits to branch sites in the human sequence (Adema et al. 1994) are
with the number of the corresponding nucleotides in parentheses. The PCRarked B1, B2, and acceptor sites SA1, SA2. The A/G change in the
primers used are shown by arrows. Their sequences are: Forward: SFiouse first branch site compared with the human is shown in shadowed
GGTACTAGTGCTGACCTCAGCGGTCA; SF2, CCCTCTGGAACCA- uppercase.

CAGTTGTACAA; SF3, GGACTAGTGTGTCTTTGGCTGACGC; SS,

region of cDNA corresponding to approximately the C-terminal  Further attempts were made to clone a partial Pmel17m cDNA.
half of the protein, where Pmell17m and gp87 are less homologou®RT-PCR was performed with two different forward primers (SF1
Two independently cloned products yielded a sequence consisteand SF2) and two reverse primers (SR1, located at the end of the
with those published for mouse gp87 cDNA (Schreurs et al. 1997¢oding region, and SR2, within the 8ntranslated region of the
Zhai et al. 1997) and thus displaying three-point insertions comgene), and two independent clones obtained with each set of prim-
pared with Pmell7m (Fig. 1): A, G, and C at positions 1748, 1808ers were sequenced. However, both sequences corresponded to
and 1830, respectively. These cause a frameshift in the predictegp87. The repeated finding of gp87 but not Pmell7m sequences in
gp87 protein between codons 583 and 610, so that it more closelg16 cells confirmed the expression of murine gp87 and indicated
resembles human gp100 and PMEL17 and also the bovine homdahat, in these cells, Pmell7m transcripts are comparatively rare or
log, retinal pigment epithelium (RPE)1 protein (Kim and Wistow absent. Moreover, the actual occurrence of murine gp87 was con-
1992; Fig. 1, panel A), and the horse protein 17 precursor (accesirmed at the protein level. A polyclonal antiserum terneedgp87

sion no. AF076780). No other Pmell7 homologs are known inwas raised against a synthetic peptide located in the cytosolic
mammals. Like the published mouse gp87 sequences, neither dbmain of the predicted gp87 protein, in a zone where the se-
ours encoded a heptapeptide similar to that in human PMEL17. quences of gp87 and Pmell7m are clearly different (underlined in
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Fig. 1, panel A, and marked epl in panel B). This antiserumbasis of the silver mutation. In human melanocytes, the SILV locus
specifically recognized an 87-kDa protein in Western immuno-yields two transcripts differing by 21 bp, owing to alternative
blots performed with solubilized extracts from B16 cells (not splicing to two 3 acceptor sites in intron 9 (Adema et al. 1995;
shown). Bailin et al. 1996). Translation gives two proteins of 668

Given the three-point differences between the Pmell7m angPMEL17) and 661 (gpl00) amino acids, expressed simulta-
gp87 sequences, then if both transcripts actually occur, the gereously in most human melanocytic cells (Adema et al. 1994),
nomic organization of the murine and human genes must be difalthough gp100 mRNA is much more abundant than PMEL17
ferent. The two forms could conceivably arise from the alternative(Bailin et al. 1996). In mouse melanocytes, RT-PCR detected only
and mutually exclusive use of two highly homologous exons, onenRNAs corresponding to the gp87 sequence. We propose the
containing the three insertions. To test this and other possibilitiespame gp87 according to the apparent molecular mass of the pro-
we examined the genomic organization of tfieed of the mouse tein, until a definitive (perhaps functional) nomenclature is estab-
silver locus. We used the SR2/SS and SR2/SF3 sets of primers tshed.
amplify, clone, and sequence overlapping fragments of thmB We present several lines of evidence that gp87 mRNA is the
tion of the gene from B16 cells. The sequence obtained has beemly transcript from thesi locus in the mouse. First, there is no
deposited in GenBank (accession no. AF118450). It contained tw&®mell7m variant transcript. After the initial description of this
introns of 96 and 897 bp, an arrangement similar to that found invariant, only gp87 cDNAs were cloned from mouse cells by three
the human gene (Bailin et al. 1996). The exon sequence was idegroups including ours. Genomic sequencing shows that no such
tical to the gp87 cDNA sequence obtained by us and others. Thersequence was encoded at the silver locus. Second, and interest-
was no alternative exon. Thus, the Pmell7m sequence is not eimgly, there is no murine equivalent of the longer human splicing
coded in B16-F10 cells. Interestingly, the genomic sequence of theariant PMEL17. Again, sequencing of RT-PCR products from
putative intron 9 displayed a significant difference from the humaneither murine source yielded no transcript containing the additional
sequence. In the human gene, intron 9 contains two potential spli1 bp insertion found in PMEL17. Again the genomic sequence
ing branch sites and two acceptor sites (Adema et al. 1994). Thiwas inconsistent with the production of such a splicing variant.
accounts for the occurrence of two species, PMEL17 and gp100, Sequencing of partial gp87 cDNAs frogi'si mutant melano-
by alternative mRNA splicing to two competing 8§plice acceptor  cytes showed that th& mutation consistsfa G to A substitution
sites. An essential A in the humar Branch site, necessary for at base 1808. Thus, rather than a frame-shift and extension, this
formation of an intermediate lariat structure during splicing, is substitution results in a premature stop codon and truncation of the
replaced in the mouse by a G, so that there is no functional brancprotein in the C-terminal cytosolic domain (Fig. 1). The missing 25
site. Thus, the genomic structure of the mouse gene accounts famino acids include the putative melanosomal targeting motif
our inability to detect a cDNA sequence encoding an additionaExxPLL (Xu et al. 1997). Thus, the pathogenic effect of the mu-
heptapeptide similar to that in human PMEL17. However, thesdation is still attributable to misrouting of gp87 within the mela-
results do not rule out the possible occurrence of splice variantaocyte, as suggested previously for the putative frame-shifted pro-
involving the B end of the gene. tein (Kwon et al. 1995).

Further possibilities concerning Pmell7m are that the three-
point differences are errors or that they constitute a silver locus
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