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Mutations of genes needed for melanocyte function can result in
oculocutaneous albinism. Examination of similarities in human
gene expression patterns by using microarray analysis reveals that
RAB38, a small GTP binding protein, demonstrates a similar ex-
pression profile to melanocytic genes. Comparative genomic anal-
ysis localizes human RAB38 to the mouse chocolate (cht) locus. A
G146T mutation occurs in the conserved GTP binding domain of
RAB38 in cht mice. Rab38cht�Rab38cht mice exhibit a brown coat
similar in color to mice with a mutation in tyrosinase-related
protein 1 (Tyrp1), a mouse model for oculocutaneous albinism. The
targeting of TYRP1 protein to the melanosome is impaired in
Rab38cht�Rab38cht melanocytes. These observations, and the fact
that green fluorescent protein-tagged RAB38 colocalizes with
end-stage melanosomes in wild-type melanocytes, suggest that
RAB38 plays a role in the sorting of TYRP1. This study demonstrates
the utility of expression profile analysis to identify mammalian
disease genes.

Melanocytes are specialized pigment-producing cells that
are responsible for coloration of skin, eyes, and hair. Coat

color alterations resulting from melanocyte defects are easily
identifiable in mice. These mouse mutants are proving valuable
for the identification of candidate human disease genes and the
elucidation of mechanisms underlying cellular function. To date,
there are 99 loci in the mouse that, when mutated, affect
pigmentation (Dorothy C. Bennett, personal communication).
However, the underlying genetic defect has been identified
for only approximately one-third of these loci, leaving over 60
yet to be characterized (Mouse Genome Informatics, http:��
www.informatics.jax.org�).

Disorders with reduced pigmentation can be placed into two
groups according to whether they affect melanocyte differenti-
ation or melanosome function, the pigment producing organelle
in the melanocyte. Examples of the first group include Piebald-
ism and Waardenburg syndrome, characterized by a localized
absence of melanocytes resulting in ‘‘white patch’’ patterns.
Genes affected in these disorders, KIT, MITF, PAX3, SOX10,
EDNRB, EDN3, are involved in specification, migration, and
survival of the melanocyte lineage (1). Mouse models of these
disorders have characteristic spotted coat patterns (1). Oculo-
cutaneous albinism (OCA) I-IV, Chediak–Higashi syndrome
(CHS), Hermansky–Pudlak syndrome (HPS) I-III, and Griscelli
syndrome (GS) correspond to the second group. The molecular
defects contributing to the reduced pigmentation in OCA occurs
in genes (TYR, TYRP1, P, and AIM1) that affect mainly mela-
nosome formation and the amount and type of melanin pigment
formed (2, 3). Genes responsible for HPS, CHS, and GS are
involved in the regulation of vesicle traffic including melano-
somes within in the cell, and include HPS1, AP3, HPS3, CHS1,
MYO5A, and RAB27A (1, 4).

Given the genetic heterogeneity of pigmentation disorders in
both mouse and human, we sought to identify additional can-
didate disease genes by using cDNA microarrays (5) to examine
the expression behavior of genes over a variety of neural

crest-derived and other control cell lines. Clustering of the
resulting expression profiles provided a powerful way to organize
the common patterns found among thousands of gene expression
measurements and identify genes with similar distinctive expres-
sion patterns among the experimental samples (6). Analysis of
genes contained within a cluster has revealed that these genes are
often functionally related within the cell (7, 8). Using this
approach we identified genes clustered with known pigmenta-
tion genes, thereby categorizing RAB38 as a candidate pigmen-
tation gene. Further analysis confirms that RAB38 is a mela-
nosomal protein, mutated in the mouse pigmentation mutant,
chocolate (cht), and important for the sorting of the melano-
somal protein tyrosinase-related protein 1 (TYRP1) in
melanocytes.

Materials and Methods
Cell Culture. All cells for microarray analysis were grown to 90%
confluence at 37°C, 5% CO2. Melanoma cell lines were grown as
described (9). 293T, U138, and HeLa cells were grown in DMEM
containing 10% FBS, 2 mM L-glutamine, and 100 units�ml each
penicillin and streptomycin. Primary melanocyte cultures were
grown as described (10). Melan-a cells were cultured in RPMI
1640 media containing 10% FBS, 2 mM L-glutamine, 10 mM
sodium pyruvate, 100 units�ml each penicillin and streptomycin,
200 nm phorbol 12-myristate 13-acetate, 0.01 mM sodium
bicarbonate, and 0.1 mM 2-mercaptoethanol at 5% CO2.

RNA Preparation. Cells for microarray analysis were obtained in
pools of four 500-cm2 dishes, harvested by scraping, washed in
PBS, and pelleted. Pellets were lysed in 10 ml Trizol reagent
(Invitrogen). Two milliliters of chloroform was added, and the
sample was shaken and centrifuged to separate phases. The
aqueous layer was removed and an equal volume of 75% ethanol
was added dropwise while vortexing. Sample was applied to a
RNeasy maxi column (Qiagen, Valencia, CA) and purification
protocol was followed. Samples were eluted in water, precipi-
tated with 3 M sodium acetate, and stored at �80°C. RNA
pellets were resuspended in diethyl pyrocarbonate-treated water
to 1 �g��l concentration and concentrated on a Microcon 100
column to 7–10 �g��l.

Labeling and Hybridization. RNA was reverse-transcribed to flu-
orescent-labeled cDNA and cohybridized on slides in experi-
mental�reference pairs. Expressed sequence tag clone inserts
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applied to slides were prepared as described (11). Reverse
transcription fluorochrome-labeled cDNA was generated as
described at http:��www.nhgri.nih.gov�DIR�Microarray�
main.html. For reactions, 60 �g of total RNA (Cy3) or 120 �g
of total RNA (Cy5) was used. Hybridizations were carried out in
a volume of 40 �l at 65°C in a humidified chamber for 16 h. Slides
were washed at room temperature in 0.5 � SSC�0.1% SDS for
3 min, then in 0.6 � SSC for 3 min. Slides were immediately spun
dry by centrifugation.

Image Acquisition and Analysis. Fluorescence signal intensities for
cy3 (532�) and cy5 (635�) f luorochromes were obtained with a
Genepix 4000a scanner (Axon Instruments, Foster City, CA) at
10-�m resolution. A set of 88 housekeeping control genes was
used for normalization of labeling efficiency (12). Expression
profile analysis was performed with a clustering algorithm by
using an average-linkage method and Pearson’s correlation
similarity measurement (http:��microarray.nhgri.nih.gov�
genecluster).

Organization of the Mouse RAB38 Gene. BLAST was used to compare
the Rab38 mRNA sequence (GenBank accession no. AY062237)
against mouse genomic sequencing trace archives (www.ncbi.
nlm.nih.gov�Traces�trace.cgi?). Genomic organization was con-
firmed by using SPIDEY (www.ncbi.nlm.nih.gov�spidey�). Gene
organization was experimentally confirmed through PCR and
DNA sequencing of genomic fragments. The confirmed exon
and surrounding intronic sequence have been deposited to
GenBank (exon 1, accession no. AF448441; exon 2, accession no.
AF448442; exon 3, accession no. AF448443).

In Situ Hybridization. FVB�NJ mouse embryos (Jackson Labora-
tory) were fixed overnight in 4% paraformaldehyde in PBS. Re-
verse-transcribed digoxigenin-conjugated probes were made from
linearized plasmids and�or PCR products with polymerase binding
site linkers (all reagents from Roche Molecular Biochemicals). The
following DNA sources were used for probe synthesis: tyrosinase,
cDNA clone 4633402C07; Tyrp1, reverse transcription–PCR from
B16F10Y total RNA (TYRP15�T3F-GCGCGAATTAACCCT-
CACTAAAGGGTCTGAGCACCCCTGTCTTCT TYRP15�T7-
RGCGCGTAATACGACTCACTATAGGGCCCAGTTGCA-
AAATTCCAGT); Dct, cDNA (13); AimI�Matp, RIKEN cDNA
clone G370045L22; Mlsn1 reverse transcription–PCR from
B16F10Y total RNA (MLSN R T7-GCGGGTAATACGACT-
CACTATAGGGGCCACAAACATGTCCTACTTAC; MLSN
FT3GCGCGAATTAACCCTCACTAAAGGGAAGCTTCCG-
GACTCTCTAC); Rab38, RIKEN cDNA clone 23–10011-F14. In
situ hybridizations were performed by using published protocols
(14) with the following modifications. After probe hybridization,
Ribonuclease A digestion was omitted, and Tris-buffered saline was
used in place of PBS. BM-purple substrate (Roche, Molecular
Biochemicals) was used in place of 5-bromo-4-chloro-3-indolyl
phosphate�nitroblue tetrazolium.

Mutation Detection. Mouse RAB38 primer pairs were designed to
amplify the three protein-coding exons as well as a small amount
of flanking intronic DNA: Rab38 Ex1F (TAGGAAGGAG-
GATTAAACCCG) and Rab38 Ex1R (GAACTCCTCATG-
GCTCACTCC), yielding a 428-bp product; Rab38 Ex2F
(GGATATGAAGCTCCAGTGTAGTGTAC) and Rab38
Ex2R (CACTGGACAGAAACATTATTGTCAC), yielding a
464-bp product; and Rab38 Ex3F (AAGTTATCAGCCAGT-
GAGATACTGTG) and Rab38 Ex3R (CACATGTGG-
TATATCTATCCTGACG), yielding a 526-bp product. After
separation on a 1% agarose gel, PCR products were excised and
purified by using QIAquick Gel Extraction Kit (Qiagen) and
directly sequenced. Mutations were confirmed by using primers
designed to amplify a 213-bp fragment surrounding the G146T

sequence (cht Ex1F-GGCCTCCAGGATGCAGACACC and
cht Ex1R-CCAGCAATGTCCCAGAGCTGC). SexAI and
BsaJI restriction enzyme digests were performed by using 10 �l
of PCR product, 2.5 units enzyme (New England Biolabs) along
with 1� of the supplied BSA and digest buffer. Reactions were
incubated overnight at the manufacturer’s suggested tempera-
ture and electrophoresed on a 2% agarose gel.

Cell Transfection. RAB38-green fluorescent protein (GFP) con-
structs were generated by PCR amplifying mouse Rab38 with att
site linker primers AttB1-RRab (GGGGACAAGTTTGTA-
CAAAAAAGCAGGCTCCATGCAGACACCTCACAAG)
and AttB2-RRab-STP (GGGGACCACTTTGTACAA-
GAAAGCTGGGTTCTAGGATTTGGCACAGCCAGA) and
Gateway cloning into pDest 53 (Invitrogen) as per the manu-
facturer’s instructions. RAB38-GFP was transfected into
melan-a cells by using Lipofectamine 2000 (Invitrogen) with a
DNA�Lipofectamine 2000 ratio of 1.6 �g�4 �l in a 4-cm2 surface
area as per reagent instructions. After 72 h, cells were fixed and
antibody was stained. TYRP1 antibody (MEL5, Signet Labora-
tories, Dedham, MA) was used at a 1:200 dilution (15).

Bleeding Times. Bleeding times were assayed in four C57BL�6J
Rab38cht�Rab38cht and four C57BL�6J animals, as described
(16). Assayed mice were 6–12 weeks of age.

Results
Expression Profile Analysis Identifies RAB38 as cht Candidate Gene.
To identify novel and uncharacterized genes involved in mela-
nocyte function and disease, we generated a collection of cDNA
clones to be used for expression profile and functional analyses
(12). We have previously shown that cDNA clones from a human
melanocyte IMAGE consortium library, 2NbHM, (http:��
www.ncbi.nlm.nih.gov�UniGene�lib.cgi?ORG�Hs&LID�198)
are appropriate for gene expression studies aimed at under-
standing melanocyte development and function (5, 12). For this
analysis, 4,356 nonsequence-verified cDNA clones from library
2NbHM were printed to glass slides, along with sequence-
verified melanocyte control genes. Hybridization data were
obtained from 17 cell lines representing neural crest- and
non-neural crest-derived tissues and used for hierarchical cluster
analysis. Included were 11 melanoma cell lines (9), three rhab-
domyosarcoma cell lines, one glioblastoma cell line, HeLa, and
293T. Array hybridizations for each of these cell lines were
performed in a pair-wise fashion, using RNA from cell line
UACC903(�6) as a reference. UACC903(�6) is an amelanotic
melanoma cell line rendered nontumorigenic by the introduction
of a region of human chromosome 6 (17) and has been used
previously for expression profile analysis of melanoma lines with
a different set of cDNA clones (9).

Analysis of expression profiles demonstrated that nine
melanocyte control genes (DCT, TYRP1, PMEL17, AIM-1,
MELAN-A�MART1, MLSN, ATRN, PAX3, and CHS1) showed
similar expression variation among the samples analyzed (Fig. 1).
We sought to identify candidate pigmentation genes in the 4356
cDNA set by selecting expressed sequence tag clones that
exhibited similar expression variation to the melanocyte control
genes. RAB38 was found to have a similar expression variation
to the nine melanocyte genes (Fig. 1). As four of the nine
melanocyte genes examined (TYRP1, DCT, MLSN, and AIM1)
were shown to be expressed in the melanocytes of the retinal
pigmented epithelium (RPE) at embryonic day 11.5 (Fig. 2) we
screened candidate pigmentation genes by in situ hybridization
analysis. Consistent with the placement of RAB38 within this
collection of melanocyte genes, whole-mount in situ analysis
demonstrated that RAB38 was also expressed in the melanocytes
of the RPE at this age (Fig. 2). Previous Northern blot analyses
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also demonstrated restricted expression of RAB38 to melano-
cyte-derived cell lines (18).

Using the recently available human genome sequence, we
were able to determine that RAB38 was located on human
chromosome 11, f lanked proximally by TYR and distally by EED
and MYO7A (Fig. 3a). A conserved linkage group on mouse
chromosome 7 was identified by comparison of the human
genome map with the mouse genome mapping data (http:��
www.informatics.jax.org�searches�homology�form.shtml).
Closer analysis of loci in the mouse conserved linkage group
determined that an uncloned mouse pigmentation mutant, cht,
was contained within this interval (19) (Fig. 3a). The cht
mutation arose as a spontaneous, isogenic mutation on an inbred
C57BL�6J background and has been maintained on this back-
ground since 1984 (20). Cht�cht mice are identifiable at birth by
lighter skin and eyes and at weaning by a deep-brown coat color

when compared with C57BL�6J parental strain (Fig. 3 b–d).
Thus, RAB38 was implicated as a candidate gene for the cht locus
based on genomic map position and the expression of RAB38 in
RPE and melanocytes, the cell types affected in cht�cht mice.

Mutation of RAB38 Causes Melanocyte Defects in cht�cht Mice.
Genomic sequence flanking exon�intron boundaries for the
three mouse Rab38 exons was obtained from mouse trace archive
genomic sequence (http:��www.ncbi.nlm.nih.gov�Traces�
trace.cgi?). DNA from C57BL�6J cht�� animals was obtained
from Jackson Laboratories Mouse DNA Resource, amplified by
using genomic primers, and directly sequenced. A unique G146T

Fig. 1. Microarray expression profile of melanocyte control genes and RAB38. Expression profiles of nine genes known to be involved in pigmentation are
similar to the expression profile of RAB38 (arrow). Columns to the right list identified mouse and human pigmentation disorders corresponding to a given gene.
Hybridized sample cell lines are listed across the top of the expression profiles. Relative gene expression is evaluated as a calibrated ratio (sample cell
line�MnSOD6cl1 reference). Pseudocolor scale for ratio values is below.

Fig. 2. Rab38 expression in the RPE is similar to that of melanogenic
enzymes. All panels show the eye at embryonic day 11.5. The melanogenic
enzymes tyrosinase (Tyr) (a), tyrosinase-related protein 1 (Tyrp1) (b), and
Dopachrome tautamerase (DCT�Tyrp2) (c) all show expression in the RPE at
this developmental stage. Additional control genes from the microarray
cluster data, Melastatin1 (Mlsn) (d) and AimI�Matp (e), show expression in the
RPE. Rab38 is expressed in the RPE at embryonic day 11.5 ( f) and at embryonic
days 10.5 and 12.5 (data not shown). (Scale bar equals 100 �m.)

Fig. 3. Map location and phenotype of cht�cht mouse. (a) Human RAB38
maps 1.4 Mb distal to tyrosinase and 2.5 Mb proximal to EED genes on human
chromosome 11. In the corresponding mouse chromosome 7 syntenic region,
gene order is conserved. The genetic location of the cht locus maps to this
same interval as RAB38. (b) Photograph of C57BL�6J��� (Left, black) and
C57BL�6J Rab38cht�Rab38cht (Right, brown) mice. Eyes from 2-day-old mice (c)
wild-type C57Bl6�J��� shows normal pigmentation, whereas (d) Rab38cht�
Rab38cht eye shows reduced pigmentation. (Magnification: �50.)
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nucleotide mutation in exon 1 was identified in the cht allele (Fig.
4a). This sequence alteration was confirmed by restriction digest
in multiple cht�cht DNA samples, as the resulting nucleotide
substitution changed a BsaJI site (CCNNGG) to a SexA1
restriction site (ACCWGGT) (Fig. 4b). This sequence alteration
was not detected in analysis of eight additional inbred strains
(CAST�Ei, SPRET�Ei, 129�SVJ, FVB�NJ, AKR�J, A�J, DBA�
1J, and BALB�cJ) (data not shown). The RAB38 protein
demonstrates highly conserved amino acid identity among mam-
mals: human�rat (96.2%), human�mouse (93.8%), rat�mouse
(95.2%) (Fig. 5b). The G19V cht mutation is located within the
highly conserved phosphate�Mg2� domain and is predicted to
contact GTP directly in the nucleotide binding pocket (Fig. 5a).

Rab38cht Results in Decreased Efficiency of Targeting Tyrp1 to End-
Stage Melanosomes. Analysis of melanocytes cultured from new-
born mice revealed that C57BL�6J Rab38cht�Rab38cht melano-
cytes (Fig. 6B) contain small, circular melanosomes with a brown
hue similar to those observed in C57BL�6J Tyrp1b�Tyrp1b me-
lanocytes (21) (Fig. 6C), but distinct from the intensely black,
oval melanosomes seen in C57BL�6J��� melanocyte cultures
(Fig. 6A). Given that Tyrp1 mutations cause a switch from black
to brown pigment in brown mice, and given that Rab GTPases
play a central role in protein trafficking (22, 23), we hypothesized
that the targeting of TYRP1 to the melanosome might be
defective in Rab38cht�Rab38cht melanocytes. Consistent with this
idea, end-stage melanosomes in the Rab38cht�Rab38cht melano-
cytes stain much more weakly for TYRP1 than do end-stage
melanosomes in control melanocytes (Fig. 7 A–D). This obser-
vation suggests that RAB38 regulates traffic of vesicular inter-
mediates that move TYRP1 from the trans-Golgi network to
end-stage melanosomes. Consistent with this finding, GFP-
tagged RAB38 colocalizes with end-stage melanosomes in wild-
type cells (Fig. 7 E and F).

Rab38cht Does Not Result in Platelet Storage Defects. Subsets of
mouse coat color mutants with mutations in genes involved in
vesicular trafficking like pale ear and beige also cause platelet
aggregation defects, modeling HPS and CHS, respectively. To

Fig. 4. Rab38 mutation causes the cht mouse phenotype. (a) Comparison of
Rab38 sequence between wild-type C57BL�6J��� and C57BL�6J Rab38cht��
DNA identified a G146T nucleotide change (arrow) for the cht allele. This
nucleotide change was never seen in eight additional inbred strains analyzed
(data not shown). (b) The G146T mutation creates a SexA1 restriction enzyme
site in C57BL�6J Rab38cht�Rab38cht DNA and ablates a BsaJI restriction site
present in wild-type Rab38 sequence. A 216-bp region surrounding the G146T
nucleotide mutation was amplified from both C57BL�6J��� and C57BL�6J
Rab38cht�Rab38cht DNA. SexA1 digests the PCR fragment of C57BL�6J
Rab38cht�Rab38cht but not C57BL�6J��� (Left); BsaJ1 digests the PCR frag-
ment of C57BL�6J��� but not C57BL�6J Rab38cht�Rab38cht (Right).

Fig. 5. RAB38 G19 is located in the GTP binding pocket. (a) The three-
dimensional location of amino acid G19 of RAB38 in relation to the nucleotide
binding site was determined by using the molecular modeling database
(MMDB) (40) based on the crystal structure for RAB3a (MMDB 10125) (34).
Overlaying RAB38 sequence with that of RAB3a sequence identified amino
acid S32 of RAB3a as equivalent to G19 of RAB38. The program CN3D 3.0 was
used to indicate the location of the RAB38 G19 (white), predicting interaction
with the bound nucleotide. Protein structure is indicated by color: green, �

helices; gold, � sheet; blue, random coils; white, site of RAB3a S32 equivalent
to RAB38 G19 located at the nucleotide binding site; gray, Mg�� ion; red-gray,
GppNHp nucleotide analog. (b) Alignments of highly conserved N-terminal
region comparing human RAB38 (NP�071732), rat RAB38 (AAA42000), and
mouse RAB38 (AK009296.1). Corresponding alignments to human RAB3a
(P20336), human RAB5 (F34323) and human N-RAS (TVHURA). Sequence
alignment was done by using the CLUSTALW algorithm (41). Bars indicate highly
conserved regions that occupy the nucleotide binding pocket, demonstrated
in the x-ray crystal structure of RAB3a (42). Black denotes sequence identity,
gray denotes sequence conservation, red denotes the conserved amino acid.

Fig. 6. The cht�cht melanosomes are similar in morphology to Tyrp1b

melanosomes. Shown are bright-field images of melanosomes from the pe-
riphery of primary cultured melanocytes, isolated from (A) C57BL�6J���, (B)
C57BL�6J Rab38cht�Rab38cht mice, and (C) Tyrp1b�Tyrp1b melan-b cells. Mela-
nosomes from wild-type melanocytes are oval and darkly pigmented. In
contrast, Rab38cht�Rab38cht melanosomes are smaller, more circular and less
pigmented, similar to melanosomes from (C) Tyrp1b�Tyrp1b melan-b cells.
(Scale bar � 2 �M.)
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analyze further the pathology of Rab38cht�Rab38cht mice, bleed-
ing times were measured to assay platelet function. No difference
was observed between wild-type and Rab38cht�Rab38cht mice
(2.53 vs. 2.41 min; P � 0.7); this finding is consistent with
Rab38cht�Rab38cht being a genocopy for the OCAIII (Tyrp1b�
Tyrp1b) mouse model, but not for HPS or CHS. These data
indicate that RAB38 is required for efficient targeting of
TYRP1 to pigmented melanosomes and suggest that Rab38cht�
Rab38cht is a genocopy of the Tyrp1b�Tyrp1b OCAIII mouse
model.

Discussion
Using cDNA microarray expression profiling we have identified
RAB38 as an important gene involved in melanocyte function.
Analysis of microarray expression patterns demonstrated that
RAB38 had an expression profile similar to nine previously
identified melanocyte genes known to function in a melanocyte-
specific fashion. These melanocyte genes include DCT, TRYP1,
and PMEL17, which are essential for melanosome function;
MELAN-A�MART1 (24) and MLSN (25), which are important
melanoma antigens; AIM-1 recently identified as the gene re-
sponsible for B in medaka (26), underwhite in mouse (3), and
OCA4 in human (3); CHS1, which functions in melanosome�
lysosome vesicle trafficking (27); and PAX3, a paired box tran-
scription factor that regulates melanocyte gene expression (28–
30), including expression of TYRP1 (31). Mutations in seven of
these genes have been identified in human and�or murine
disorders associated with pigmentation variations (Fig. 1).

Rab38 was assessed as a candidate gene for the cht locus for
three reasons. First, comparative genomic analysis predicted a
colocalization of conserved synteny between human RAB38 and
the region of the cht locus in the mouse genome. Second,
expression of Rab38 was found to be restricted to those cell types
affected in cht�cht mice (18) (Fig. 2). Finally, Rab38 is a member

of a family of proteins known to play a crucial role in vesicular
trafficking (32, 33).

Sequence analysis of the Rab38 coding region from cht mice
revealed a G146T transversion in exon 1. This sequence alter-
ation is likely the causative mutation because this allele arose as
a spontaneous mutation on a C57BL�6J background. Moreover,
the G146T alteration results in a Gly to Val substitution within
the GTP binding pocket of RAB38. Crystal structure analysis of
RAB3A, used as a model for Rab proteins, predicts that this
amino acid residue directly contacts GTP in the nucleotide
binding pocket (34). Furthermore, a mutation of the analogous
amino acid residue in RAB5, a Rab that regulates homotypic
fusion of endosomes, results in an increased rate of GDP
dissociation in vitro and stimulation of endosome fusion in vivo
(35). Additional support for the functional relevance of this
mutation comes from studies of Ras protein. Substitutions in Ras
at the analogous G13 residue, including the same G to V
mutation as in Rab38cht, have been identified in acute myeloid
leukemia (36, 37). Based on these observations, we predict that
the G to V mutation in RAB38 would disrupt its function in vivo.
Further analysis is needed to determine mode of action for this
allele.

The coat color of Rab38cht�Rab38cht mice closely resembles
that of the brown (Tyrp1b�Tyrp1b), OCAIII mouse model. The
brown mouse model contains a defect in a melanin biosynthesis
gene Tyrp1, resulting in a coat color change of the C57BL�6J
mouse from black to brown. TYRP1 is a melanosomal mem-
brane glycoprotein, which functions both as a DHICA oxidase
enzyme and a provider of structural stability to TYR in the
melanogenic enzyme complex. TYRP1 is believed to transit
from the trans-Golgi network to stage II melanosomes by means
of clathrin-coated vesicles, possibly by first passing through an
uncharacterized sorting compartment (4). Based on the similar
coat phenotype and predicted Rab protein function, we hypoth-
esized that RAB38 may be specifically involved in trafficking of

Fig. 7. RAB38 is a melanosomal protein needed for appropriate TYRP1 trafficking. Shown are (A and B) C57BL�6J��� and (C and D) C57BL�6J Rab38cht�Rab38cht

primary melanocyte cultures. (A and C) Bright-field images of melanosomes in the cell periphery with matching confocal images of identical exposure
demonstrate distribution of (B and D) TYRP1 immunofluoresence as revealed by staining of MEL5. Melan-a cells transfected with a Rab38-GFP expression
construct. (E) Bright-field image of melanosome cell periphery and (F) matching GFP fluorescence image for transfected cell. (E) Large white arrow indicates a
nontransfected cell. (E and F) Small arrows demonstrate colocalization of Rab38-GFP signal with highly pigmented end stage melanosomes at cell periphery.
(Scale bar: A–D � 1.6 �M; E and F � 2.4 �M.)
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melanosomal proteins like TYRP1 to the melanosome. Consis-
tent with this idea, GFP-tagged RAB38 colocalizes with mela-
nosomes in pigmented melanocyte lines in culture, and TYRP1
is inefficiently targeted to pigmented end-stage melanosomes in
Rab38cht�Rab38cht melanocytes. Thus, the brown coat color
observed in Rab38cht�Rab38cht mice is predicted to result from
reduced amount of melanosomal TYRP1 and implicates RAB38
in the vesicle trafficking required for proper targeting of proteins
such as TYRP1 to melanosomes.

The formation of melanosomes and melanin pigment depo-
sition within them requires a series of specific vesicular traffick-
ing steps (2, 4). Comparison of the phenotype of Rab38cht�
Rab38cht mice to other mouse mutants where defects in the
trafficking of proteins has been identified should provide insight
into the site of action of RAB38. Four genes involved in HPS,
(HPS1, AP3�1, HPS3, and HPS4), when mutated, result in the
mouse models pale ear (ep), mocha, cocoa, and light ear, respec-
tively. For each of these mouse models the color of melanin
produced by the melanosome is lighter in color or of a brown
hue. Interestingly, similar to what is seen in Rab38cht�Rab38cht-
derived melanocytes, melanocytes from Hps1ep�Hps1ep mutants
also exhibit a mislocalization of TYRP1 into membranous
complexes rather than premelanosomes (38), again yielding a
brown mouse. In addition to melanosome pigment defects, HPS
mice exhibit enlargement of melanosomes and lysosomes and
reduced platelet aggregation (27, 39). This finding suggests
involvement of HPS genes in early vesicle sorting events that
affect both lysosomes as well as melanosomes. However, it
appears that Rab38cht is not in the same class of mutants as those
of the HPS mouse models, because Rab38cht�Rab38cht mice do

not exhibit enlarged melanosomes or defects in platelet function.
Thus, although both HPS1 and RAB38 appear to be involved in
proper sorting of TYRP1, this regulation appears to occur at
different steps in the trafficking process. Because RAB38 ap-
pears to affect only melanosome trafficking, we suggest that
RAB38 is involved in vesicle trafficking downstream of HPS
genes.

Rab38cht mice appear to be a genocopy of the TYRP1b, OCA
mouse model, because of the essential role of RAB38 in proper
TYRP1 trafficking to late-stage melanosomes, mimicking the
cellular and clinical phenotype. OCA is a heterogeneous genetic
disorder that has been associated with mutations in TYR
(OCAI), P (OCAII), TYRP1 (OCAIII), and AIM1 (OCAIV).
However, 10% of patients clinically diagnosed with OCA do not
have mutations in any of these genes (Richard King and William
Oetting, personal communication). Given the heterogeneity of
OCA and the predicted role of RAB38 in TYRP1 sorting, we
propose RAB38 as a candidate gene for patients with OCA
where a molecular defect in TYR, P, TYRP1 or AIM1 has not
been identified.
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