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Lysosomes, melanosomes and platelet-dense granules
are abnormal in the mouse hypopigmentation mutant
pearl. The β3A subunit of the AP-3 adaptor complex,
which likely regulates protein trafficking in the trans -
Golgi network/endosomal compartments, was iden-
tified as a candidate for the pearl gene by a positional/
candidate cloning approach. Mutations, including a
large internal tandem duplication and a deletion, were
identified in two respective pearl alleles and are pre-
dicted to abrogate function of the β3A protein. Signifi-
cantly lowered expression of altered β3A transcripts
occurred in kidney of both mutant alleles. The several
distinct pearl phenotypes suggest novel functions for
the AP-3 complex in mammals. These experiments
also suggest mutations in AP-3 subunits as a basis for
unique forms of human Hermansky–Pudlak syndrome
and congenital night blindness, for which the pearl
mouse is an appropriate animal model.

INTRODUCTION

The autosomal recessive mouse mutation pearl (pe) (1) maps to
distal chromosome 13 (2–4). Pearl mice are appropriate models
for Hermansky–Pudlak syndrome (HPS) as they exhibit hypo-
pigmentation, lysosomal secretion abnormalities and platelet-
dense granules with reduced levels of adenine nucleotides and
serotonin (5). The latter leads to the prolonged bleeding
symptomatic of platelet storage pool deficiency and HPS.
Additionally, pearl mice exhibit reduced sensitivity in the

dark-adapted state, suggesting a model for human congenital
stationary night blindness (6).

HPS patients have altered biosynthesis/function of melanosomes,
platelet-dense granules and lysosomes (7–9). Due to associated
fibrotic lung disease, prolonged bleeding and colitis, HPS leads
to high morbidity and increased mortality (8–10) in the third to
fifth decades of life. It occurs in diverse populations worldwide
and is especially prevalent in selected regions such as Puerto
Rico, due to founder effects. No curative therapies exist.

Intracellular protein sorting and trafficking are conducted by
means of carrier vesicles (11) whose formation is mediated by
adaptor protein (AP) complexes (12). An adaptor-related coat
complex, termed AP-3, likely facilitates trafficking of vesicles
from the trans-Golgi network and/or endosomal compartments
by interacting with tyrosine and di-leucine signals on proteins of
lysosomes and other intracellular organelles (13,14). AP-3 is
heterotetrameric containing two large subunits, δ and β3, a
medium subunit, µ3, and a small subunit, σ3. Details of the
function of AP-3 in mammals are not well understood. We report
positional/candidate cloning of pearl and evidence from mutational
analysis that the primary pearl gene defect is in the β3A subunit
(the Ap3b1 gene) of the AP-3 adaptor complex.

RESULTS

Positional/candidate cloning identifies β3A as a candidate
gene for pearl

Identification of β3A as a candidate for the pearl (pe) gene
required high resolution genetic and physical maps. We previously
localized pe to a 0.5 cM region (2,3) on chromosome 13 between
D13Mit28/29 and Cf2r using an interspecific backcross of 1250
progeny. Further analyses (Fig. 1A) showed that D13Mit28 is
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Figure 1. (A) Expanded and current high resolution molecular map around the pearl (pe) gene. The centromere (circle) is at left; distances between adjacent markers
are given below in map units (cM). Bold markers are expressed genes. Numbered markers are D13Mit microsatellites. Other markers were derived from BAC or YAC
end clones. The darkened portion of the chromosome indicates the maximum genetic interval containing the pe gene. (B) Physical map of the pe region of chromosome
13. The 0.4 map unit region between D13Mit28 and Cf2r is expanded. The positions of individual microsatellites (D13Mit28, 108, 161, 169, 258 and 104), YAC ends
(1L and 8L), BAC ends (18E and 2E) and the expressed gene Cf2r are indicated at the top. YACs (Y) and BACs (B) are located at their approximate chromosomal
positions, represented by horizontal lines (not drawn to scale). Triangles indicate BAC/YAC end clones, circles indicate microsatellites and squares indicate expressed
sequences. Four BACs (B255G14, B326G19, B146H3 and B194B1) were subjected to exon trapping. There is a gap between 2E and D13Mit104.

0.2 cM proximal of pe and is, in fact, the closest recombinant
proximal marker to pe. Also, several new non-recombinant markers
(defined by 1L, 8L, 2E and 18E) derived from yeast artifical
chromosome (YAC) and bacterial artificial chromosome (BAC) end
clones were positioned on the genetic and physical maps.

This high resolution genetic map enabled the selection of a
series of overlapping YACs and BACs in the region of pe. Two
overlapping YACs (Y1 and Y8), selected with markers either
non-recombinant with or flanking pe, covered most of the critical
region between D13Mit28 and several markers non-recombinant
with pe (D13Mit108, 161, 169 and 258). Twenty BACs were
found later to cover the region that included four D13Mit markers
that were non-recombinant with pe (D13Mit108, 161, 169 and
258) and four markers that were derived from end clones of either
YACs (1L and 8L) or BACs (2E and 8E). These markers were
physically ordered by their presence or absence on these BACs.
The physical contig, with a gap between 2E and D13Mit104, is
depicted in Figure 1B.

To identify candidate genes for pe, four BACs (B255G14,
B194B1, B326G19 and B146H3) harboring the eight markers
non-recombinant with pe were subjected to 3′ exon trapping. A
total of 22 potential exons were isolated. One exon-trapped clone
(Xho57) found on BAC255G14 exhibited significant homology
to the recently cloned β3A subunit of the human AP-3 adaptor
complex (13,14). Because the AP-3 complex is involved in
vesicle targeting at the trans-Golgi network/endosome subcellular
sites (13,14), Southern analyses revealed alterations in various
pearl alleles (data not shown) and high resolution genetic and
physical maps (Fig. 1) localized β3A in the region of pe, β3A was
considered a promising candidate gene for pe.

β3A is mutated in two pearl alleles

Primers were designed from human and mouse β3A cDNA
sequences to search for mutations by amplifying overlapping
regions (Fig. 2). Primers 2092/3102 (Fig. 3A and B gives primer
locations), within the mouse cDNA sequence corresponding to
the hinge region (13) of the β3A protein, amplified an ∼800 bp
larger product from pe/pe compared with +/+ (normal) cDNA
(Fig. 2), suggesting an insertion or duplication involved in the pe
mutation. Other sets of primers within this region produced
additional novel results (Fig. 2). For example, primer pair
1720/2272 gave the predicted 553 bp product from control
C57BL/6J cDNA, but produced an additional 1.3 kb fragment
from pearl cDNA. This result was expected, given a duplication
(Fig. 3B) within the pearl transcript. To further test the duplication
model, amplification was performed with a primer pair
(2628/2496) contained within the putative duplicated region but
oriented so that a product is expected from mutant but not normal
cDNA (Fig. 3B). As predicted by the duplication model, no PCR
product was obtained from control C57BL/6J cDNA, while a
product of ∼670 bp was obtained from pearl cDNA, confirming
the duplication model. Another primer pair (1476/2112) amplifying
a region upstream of the duplication produced the expected
637 bp fragment from control and pearl cDNAs. Similarly,
primers targeted to downstream regions gave equal size products
from control and mutant cDNA (data not shown).

PCR amplification across cDNA derived from mice carrying an
independent mutation, pearl-8J (pe8J), revealed alterations of a
different nature within this same region of the β3A transcript
(Fig. 2). A smaller than expected product appeared when
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Figure 2. Alterations in transcripts of β3A of normal and pearl mice detected
by RT–PCR amplification. Transcripts from normal and mutant kidney were
amplified by RT–PCR with the indicated primer pairs below. A negative cDNA
control (–) was included for each primer pair. The locations of individual
primers within the β3A sequence are given in Figures 3A and B.

pe8J/pe8J cDNA was amplified by primers 1720/2649, suggesting
a deletion. No alterations were noted when the same samples were
amplified by primers directed to cDNA regions upstream
(1720/2496) or downstream (2628/3328) of the deletion (Fig. 2).

The regions of β3A cDNA altered in pearl and pearl-8J were
amplified and directly sequenced (Fig. 3A). As predicted by the
PCR results, the pearl mutation contains a tandem duplication of
a 793 bp region starting at nt 2135 (Fig. 3B). Further, the
duplication alters the reading frame producing a stop codon at the
duplication junction. This is expected to yield a protein with
130 amino acids truncated from the C-terminus of the 1105 amino
acid β3A protein. In contrast, the pearl-8J mutation contains a
107 bp deletion from nt 2504 to 2610 (Fig. 3C). Again, an
alteration in reading frame occurs, predicting a stop codon at
position 2644 together with the addition of 12 foreign C-terminal
amino acids. As in the case of the pearl mutant, the expected result
is a substantial C-terminal truncation (in this case 233 amino
acids) of β3A protein. No additional alterations of the β3A
cDNAs were found in either the pearl or pearl-8J mutants when
the complete coding regions were sequenced and compared with
their respective parental inbred strains of origin, C3H/HeJ and
DBA/2J, respectively. In fact, the complete β3A coding sequences
were found to be identical in cDNAs isolated from C3H/HeJ and
DBA/2J.

Sequence comparisons showed that the coding region of the
cDNA of mouse β3A (DDBJ/EMBL/GenBank accession no.
AF103809) is highly related (88% identity) to the human
counterpart (13,14) (DDBJ/EMBL/GenBank accession nos
U91931 and U81504).

Expression of β3A transcripts is altered in pearl alleles

The effects of the indicated duplication and deletion of portions
of the β3A transcript on its expression were determined by
northern blotting. The distribution of the β3A transcript was
determined in total RNA from several tissues (Fig. 4A), including
those (kidney, bone marrow, eye and macrophages) affected in
pearl mice (5). The 4.2 kb (13) β3A mRNA was expressed at
significant levels in kidney, heart, bone marrow, eye and
macrophages in control mice. However, consistent with nonsense-
mediated mRNA decay, it was undetectable in total RNA from
any tissue of pearl mice, nor were transcripts of altered size
apparent. However, β3A transcripts were detectable, though at
considerably reduced levels, in poly(A)+ RNA from kidney of
both pearl and pearl-8J mice (Fig. 4B). A larger transcript of

5.1 kb was detected in pearl and its expression was considerably
reduced (to 17% of control). A transcript of approximately
normal size, but considerably reduced in concentration (12% of
control), was visible in pearl-8J kidney poly(A)+ RNA. The
apparent mutant transcript sizes are consistent with the duplications
and deletions detected by sequencing using the pearl and pearl-8J
cDNAs, respectively (Fig. 3).

DISCUSSION

The data from high resolution genetic crosses together with
mutation analyses of two independent pearl alleles provide strong
evidence that the pearl gene (now designated Ap3b1) encodes the
β3A subunit of the AP-3 adaptor complex. The severe reductions
in expression of transcripts in pearl and pearl-8J mice together
with predicted large truncations in the β3A subunit protein are
expected to abrogate or at least seriously affect normal β3A and
AP-3 functions. Analyses of decreased levels of other AP-3
subunits in pearl mice (L.Zhen et al., manuscript in preparation)
support this proposed loss of AP-3 function. The reduction in β3A
transcript levels in all tissues examined indicates that the mutation
likely affects most tissues. Widespread tissue involvement is a
characteristic of HPS (7). Further, the effects on transcripts are
both quantitative and qualitative.

The several phenotypes of the pearl mutant mice suggest novel
roles for the AP-3 complex in mammalian tissues. Pearl mice
have abnormalities in structure and/or function of at least three
related organelles: lysosomes, melanosomes and platelet-dense
granules (5). Constitutive secretion of lysosomes from kidney
proximal tubule cells of pearl mice is reduced to one third the
normal rate and thrombin-mediated secretion of lysosomal
enzymes from platelets occurs at half the normal rate. Increased
rates of synthesis of lysosomal enzymes have been observed in
kidney of the pearl mutant. Melanosomes of retinal pigment
epithelium of pearl mice are morphologically abnormal and are
mislocalized, being absent within the apical processes (15). The
dense granules of pearl platelets are grossly abnormal in content.
Together these varied phenotypes suggest that these three types
of organelle are highly related and require AP-3 for their normal
formation. This conclusion is consistent with an expanding body
of biochemical and cell biological data (5) indicating that these
organelles share certain membrane and lumenal components,
maintain an acidic interior and can receive extracellular components
internalized by endocytosis and phagocytosis. Also, the subcellular
locations of the AP-3 complex in the trans-Golgi network and in
more peripheral endosomal regions of the cell (13,14) are within
the widely accepted subcellular pathway(s) for biogenesis/
trafficking of lysosomes. Further, as pearl is a model for some
forms of human congenital night blindness (6), a role for AP-3 in
sensitivity of the retina to light, altered somatostatin binding (16)
and acceleration of retinal apoptosis (17) is likely.

Supporting evidence for participation of the AP-3 complex in
granule biogenesis/processing is derived from recent in vitro
analyses of binding of granule proteins to AP-3 (18) and
formation of synaptic vesicles from endosomes (19) together
with studies of lysosomal trafficking in yeast AP-3 mutants
(20,21) and pigment granule biogenesis in the garnet mutant of
Drosophila (13,22). Additionally, a genetically distinct mouse
hypopigmentation mutant, mocha, has reduced expression of the
AP-3 complex as a result of a mutation in the δ subunit of AP-3
(23). As expected for mutations affecting subunits of a common
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protein complex, the effects of the mocha mutant on intracellular
granules are similar to those of pearl (5). In both, the biosynthesis,
function and/or morphology of the related cytoplasmic organelles
lysosomes, melansomes and platelet-dense granules are abnormal.
Both are appropriate models for HPS. In addition, mocha mice
display an interesting hyperactive phenotype associated with
reduced brain levels of the zinc transporter ZnT-3 (23), a fact
which suggests that AP-3 function is lost in brain of mocha and
maintained in brain of pearl. A possible mechanism for abnormal
function of cytoplasmic organelles in pearl and mocha mice is that
the AP-3 mutation causes mistargeting of organellar proteins
similarly to the observed (20,21) abnormalities in targeting of
proteins to the vacuole in yeast AP-3 mutants.

Pearl is one of a series of 14 distinct mouse pigment mutants (5)
which exhibit phenotypes similar to those of HPS patients,
making them ideal animal models for this syndrome. The
existence of a large number of mouse HPS-like mutants is
consistent with finding that >40 separate genes regulate the
biosynthesis of the yeast vacuole (24,25) and suggests that
additional human HPS genotypes, including pearl homologs, will
be identified. This prediction has been at least partially fulfilled
by evidence for genetic heterogeneity in HPS patients (26,27). A
subgroup of HPS patients are altered in genes other than the
recently cloned (28) human HPS gene. This indicates that
identification and characterization of other mouse HPS genes
such as the pe-β3A gene, in addition to the recently identified ep
(pale ear) gene (29,30), will be required for complete and
accurate molecular and mutant animal modeling of these patients.

MATERIALS AND METHODS

Mice

The pearl (pe/pe) mutant occurred spontaneously on the C3H/He
strain (1). C57BL/6J pe/pe mutant mice together with control
C57BL/6J, C57BL/6J pe/+  and C3H/HeJ mice were obtained
from the Jackson Laboratory (Bar Harbor, ME). The pe8J/pe8J

mutant was identified in 1995 by Barbara Wilcomb. It occurred
on the DBA/2J inbred strain. This mutant and control DBA/2J
and pe8J/pe8J mice were likewise obtained from the Jackson
Laboratory. Mice were subsequently bred and maintained in the
animal facilities of Roswell Park Cancer Institute (Buffalo, NY).

Probes

For northern blotting, a 1.2 kb fragment from the 3′-end of the
mouse β3A cDNA was used. Primers for PCR amplification of
this fragment were 5′-AACCCCAGCAAGAAAGACATCC-3′
(forward) and 5′-CAAGAATGTCGAGAGTGCG-3′ (reverse),

corresponding to nt 2461–2582 and 3463–3445, respectively, of
human β3A cDNA (13).

Other PCR primers were: 1476F, TGTTCCTGTGGCTAGAG-
CAAGC; 1720F, CGCACACGATTTATTAGGCAGC; 2092F,
GAAGATGAGGATGAGAACCCC; 2112R, GGGGTTCTCA-
TCCTCATCTTC; 2272R, TGGTTTTGGAGTTCCTCTTGGC;
2496R, GTCGACCAGATCTAGAAGG; 2628F, CGTGCCAA-
CAAAAACACATGAG; 2649R, CTCATGTGTTTTTGTTGG-
CACG; 3102R, GAGGATCATGGAGGGAGTGA; 3328R, TG-
TAAGCAGGTTACCCCTGG.

Interspecific backcross and construction of physical maps
with YACs and BACs

A large-scale interspecific mouse backcross (2,3) was used to
map the pearl gene with high resolution (±0.3 cM) to the distal
region of mouse chromosome 13.

Mouse YAC and BAC libraries were purchased from Research
Genetics (Huntsville, AL). Libraries were screened by solution
PCR and/or filter colony hybridization with markers near pe
according to the manufacturer’s instruction. YAC or BAC clones
were subjected to restriction enzyme (NotI) digestion and pulse
field gel electrophoresis to determine the size of the insert. Clones
for determination of overlap and sequence tag site mapping were
derived from YACs or BACs as described below.

YAC/BAC end clone isolation

YAC and BAC genomic DNA was isolated as described (31).
Specific YAC end clones were amplified using a bubble vector
annealed template method using a YAC vector-derived primer from
either the right or left arm and a bubble-specific primer. The right
arm primer was 5′-TCGAACGCCCGATCTCAAGATTAC-3′;
the left arm primer was 5′-TCTCGGTAGCCAAGTTGGTTTA-
AGG-3′ (32). BAC end clones were isolated using the same
technique with primers specific for the SP6 or T7 end of
pBeloBAC11. Amplified products were subcloned into the
pGEM-T vector according to the manufacturer’s protocol
(Promega, Madison, WI). Aliquots of 0.5 µg DNA from positive
end clones were sequenced using Cy5 fluorescently end-labeled
M13 forward and reverse primers and the cycle sequencing kit
from Pharmacia (Piscataway, NJ). The reactions were amplified
for 35 cycles of 94�C, 30 s, 54�C, 45 s and 72�C, 1.5 min with
1 U Taq polymerase followed by a 72�C, 10 min extension at the
end. Products were analyzed on an ALFexpress automated
sequencer (Pharmacia). STSs were designed specific for the end
clones using MacVector (Oxford Molecular, Campbell, CA).

Figure 3. (A) The sequence of the region of normal β3A cDNA surrounding pearl mutation sites. Vertical arrows indicate the beginning and end of the 793 bp sequence
which is tandemly duplicated in the pe allele. The 107 bp which is deleted in the pe8J allele is underlined. Numbered forward (F) and reverse (R) primers used to amplify
specific regions of cDNA are drawn above their sequence with numbers identifying the first nucleotide at the 5′-end of the primer. The numbering convention is derived
from the mouse β3A coding sequence with number 1 indicating the start of the initiation codon. (B) Tandem duplication of a 793 bp region predicts a truncated β3A
protein in the pe allele. Nucleotides 2135–2927 of the β3A sequence are tandemly duplicated (large box). This results in the introduction of a stop codon (small box)
at the duplication junction. Approximate positions of primers used in RT–PCR analyses (Fig. 2) are indicated above. (C) Deletion of 107 bp of β3A transcript leads
to a frameshift and predicted truncated β3A protein in the pe8J allele. Sequences of cDNAs and predicted amino acid sequences of mutant and the normal DBA/2J
β3A gene are indicated. The deletion (box) extends from nt 2504 to 2610 and produces a stop codon 36 nt downstream of the deletion.
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Figure 4. β3A mRNA is altered in size and expressed at very low levels in
tissues of pearl and pearl-8J mice. (A) Total RNAs of kidney, heart, bone
marrow, eye and macrophages of homozygous pearl mice and parental control
C3H and C57BL/6J mice were tested by northern blotting with a β3A probe.
Control C3H/HeJ and C57BL/6J mice were included because the pe mutation
arose in C3H/HeJ (1) and was subsequently transferred by repeated backcrossing
to the C57BL/6J strain. (B) Northern blots of poly(A)+ RNA from kidneys of
pearl and control C57BL/6J mice and kidneys of pearl-8J and control DBA/2J
mice were probed with β3A. The migration positions of standard RNAs are
indicated. The same blots were reprobed with mouse β-actin (below) as a
loading control.

A

B

3′ Exon trapping

To identify candidate genes for pe, four BACs (B255G14,
B194B1, B326G19 and B146H3) harboring six markers non-
recombinant with pe were subjected to 3′ exon trapping. A total

of 22 potential exons were isolated. Aliquots of 5.0 µg of pooled
genomic DNA from the four BACs were digested with either
EcoRI, BamHI, XhoI, SalI, NotI or BglII according to the
manufacturer’s conditions (New England Biolabs, Beverley,
MA). An aliquot of 0.5 µg of digested genomic DNA was ligated
into 0.5 µg NruI blunt-ended pTAG4 in a 10 µl reaction of 50 mM
Tris–HCl, pH 7.5, 10 mM MgCl2, 10 mM DTT, 1.0 mM ATP,
25 µg/ml bovine serum albumin, with 400 U T4 DNA ligase
overnight at 16�C. An aliquot of 1.0 µg of ligated DNA was
transfected into COS-7 cells according to the manufacturer’s
instructions (exon-trap kit; Gibco BRL, Gaithersburg, MD). Total
RNA was isolated from the transfected cell lines using the
Promega Reagents kit according to their protocol. Primary cDNA
synthesis was performed using an adaptor primer, AAGGATC-
CGTCGACATC(T)17, and 1.0–3.0 µg of total RNA in a 20 µl
reaction of 50.0 mM Tris–HCl, pH 8.3, 75.0 mM KCl, 3.0 mM
MgCl2, 0.01 M DTT, 500 µM dNTPs, with 200 U reverse
transcriptase for 5 min at 55�C. A two stage hemi-nested PCR
was performed on the cDNA using primers specific for the SV40
site of the pTAG4 vector and for the adaptor primer at the 3′-end.
PCR reactions were 30 cycles of 94�C for 45 s, 55�C for 45 s and
72�C for 40 s in a standard PCR buffer. An aliquot of 1.0 µl of
the PCR product was reamplified using a primer specific for the
second exon of the adenovirus gene within the pTAG4 vector
using identical PCR parameters. The PCR products were
subcloned into the pAMP vector according to the manufacturer’s
protocol (Gibco BRL) and used to transform DH10B cells via
electroporation (Bio-Rad, Hercules, CA). Colonies were tested
by PCR and selected based on size. Verification was performed
primarily by hybridizing the trapped exon back to a panel of
digested BAC genomic DNA. Trapped exon clones that mapped
to the appropriate BAC clone were sequenced as described.
Primers were designed to test for expression using pearl and
wild-type (C57BL/6J) retinal cDNA libraries as templates. A
BLAST search was performed on all sequenced clones to screen
for homologies with known genes.

Mouse β3A isolation

Trapped exon clone Xho57, containing a portion of the β3A
sequence, was used as a probe to screen a cDNA library derived
from mouse retina/retinal pigment epithelial tissue propagated in
λZap (Stratagene, La Jolla, CA). The Xho57 clone was labeled
with [32P]dCTP (DuPont, St Louis, MO) by the random hexamer
method (33). The cDNA library was screened at a density of
50 000 plaques/150 mm Petri dish, for a total of 1 × 106 plaques.
Isolated clones were sequenced in their entirety and used as
templates for BLAST searches to identify 5′-overlapping clones.
Primers were designed from identified transcripts of the BLAST
search and used to amplify the 5′-regions of β3A from the murine
cDNA library or by RT–PCR using total RNA from C57Bl/6J
retina/RPE.

Northern blots, RT–PCR and sequencing

Northern blotting was performed as described (31). Total RNA
was isolated from mouse tissues with Trizol (Gibco BRL)
according to the manufacturer’s protocol. The PolyATract mRNA
Isolation System III kit (Promega) was used for isolation of
poly(A)+ RNA. Total RNA (20 µg) or 7–10 µg poly(A)+ RNA
was electrophoresed on 1% agarose gels, transferred to Hybond-N+

membranes and hybridized. 32P-labeled probes were generated from
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the 1.2 kb fragment of β3A by random priming with the Prime-it
kit (Stratagene). Molecular sizes were determined using a
0.24–9.5 kb RNA ladder from BRL. Blots were reprobed with a
502 bp fragment of mouse β-actin as a loading control. β-Actin
PCR primers were from Stratagene. Northern blot signals were
quantitated in duplicate with a Phosphorimager Storm 860
(Molecular Dynamics, Sunnyvale, CA).

Reverse transcription of RNA was performed using the
Superscript preamplification system from BRL. Subsequent PCR
amplification was performed with the Expand High Fidelity PCR
system from Boehringer Mannheim (Indianapolis, IN). PCR
products were treated with shrimp alkaline phosphatase and
exonuclease I (Amersham, Piscataway, NJ) and then sequenced
in a Perkin-Elmer Applied Biosystems (Foster City, CA) 373A
DNA sequencer using an ABI Prism Dye Terminator Cycle
Sequencing kit.
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NOTE ADDED IN PROOF

Two brothers with HPS and with molecular alterations of the β3A
subunit of the AP-3 complex have recently been identified: Gahl,
W.A., Dell’Angelica, E., Shotelersuk, V. and Bonafacino, J.S.
(1998) A human disorder due to a mutant beta3A subunit of
adaptor complex-3: failed vesicle formation in brothers with
Hermansky–Pudlak syndrome (HPS). Am. J. Hum. Genet., 63,
A2 (abstract).
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