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Abstract
Biogenesis of lysosome-related organelles complex-1 (BLOC-1) is an eight-subunit complex
involved in lysosomal trafficking. Interacting proteins of these subunits expand the understanding
of its biological functions. With the implementation of the naïve Bayesian analysis, we found that
a human uncharacterized 20 kDa coiled-coil KxDL protein, KXD1, is a BLOS1-interacting
protein. In vitro binding assays confirmed the interaction between BLOS1 and KXD1. Mouse
KXD1 homolog was widely expressed and absent in Kxd1 knockout (KO) mice. BLOS1 was
apparently reduced in Kxd1-KO mice. Mild defects in the melanosomes of the retinal pigment
epithelia and in the platelet dense granules of the Kxd1-KO mouse were observed, mimicking a
mouse model of mild Hermansky-Pudlak syndrome that affects the biogenesis of lysosome-related
organelles.
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INTRODUCTION
Lysosome-related organelles (LROs) are a family of specialized cell type-specific
compartments such as melanosomes in melanocytes, platelet dense granules that share the
biogenesis machinery with conventional lysosomes (1, 2). The LROs receive their
components from the sorting endosomes through vesicular trafficking. They may co-exist
with conventional lysosomes in some types of mammalian cells (3), so that sorting
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mechanisms have to ensure proper transport of LRO components, different from that of
conventional lysosomes.

HPS is a genetically heterogeneous disorder due to defects in LROs and characterized by
oculocutaneous albinism, prolonged bleeding and granulomatous colitis or pulmonary
fibrosis in some cases (4–6). In humans and mice, HPS results from mutations in any of at
least nine genes, HPS1, AP3B1, and HPS3 to HPS9, which encode the components of
adaptor complexes and biogenesis of lysosome-related organelles complexes (4–7).
Likewise, mutations in the homologous genes in Drosophila melanogaster and
Caenorhabditis elegans result in defective formation of eye pigment granules or gut
granules, respectively (8, 9).

The HPS genes encoding subunits of the AP-3 complex and HOPS complex are well-
defined in vesicle trafficking (6, 10). However, most of the identified HPS genes are
functionally unclear. These HPS proteins lack common structural motifs or significant
homology to proteins of defined function. Biochemical analyses reveals that these proteins
are subunits of three distinct complexes, named biogenesis of lysosome-related organelles
complex (BLOC)-1, -2, and -3 (7, 11–15).

BLOC-1 is a ubiquitously expressed multi-subunit protein complex involved in the
biogenesis of specialized organelles via the endosomal-lysosomal system. This complex
contains at least eight coiled-coil forming proteins, i.e., pallidin, muted, dysbindin,
cappuccino, snapin, BLOS1, BLOS2, and BLOS3 (11, 16–18). Mutations in three BLOC-1
subunits, dysbindin, BLOS3 and pallidin, are responsible for subtypes HPS-7, HPS-8 and
HPS-9, respectively (16, 19, 20). The functions and behaviors of BLOC-1 remain to be
defined. Currently, it is unknown whether BLOC-1 functions as a vesicle coat or a shuttling
adapter between cargo-loaded vesicles and targeted organelles. BLOC-1 has been suggested
to function in cargo transport from endosomes to lysosomes (21–23). In BLOC-1-deficient
cells, surface proteins accumulate when lysosomal degradation is altered (21, 24–26). The
native molecular mass of the mouse BLOC-1 complex was previously calculated to be ~230
kDa (16, 18). However, if the complex contains one copy of each of the eight known
subunits (27), the theoretic calculated molecular mass would be ~170 kDa. Therefore, it is
possible that BLOC-1 contains additional unidentified subunits.

In this study we identified a protein of unknown function, KXD1 or C19orf50, which
interacts with BLOS1 by in vitro binding assays. Phenotypic analyses in Kxd1 knockout
mice suggest it is involved in the biogenesis of lysosome-related organelles.

RESULTS
Predicted interactome of BLOC-1 by the naïve Bayesian analysis

Implemented by the naïve Bayesian analysis, we inferred the interaction between human
BLOS1 and C19orf50 from the homologous protein-protein interaction pair in Drosophila,
CG30077 and CG10681, based on the large screen of PPIs by yeast-two hybrid assays
(CuraGen Drosophila interaction database (http://www.droidb.org/) (Fig. 1A). The database
lists C19orf50, or KXD1, as an uncharacterized conserved KxDL protein with unknown
function, encoded by the KxDL motif containing gene 1 (KXD1). This KxDL motif
containing protein family contains proteins which are conserved over a region of 80 residues
with a characteristic KxDL motif towards the C-terminus.

By sequence comparison, we found that a transcript in mouse (2810422J05Rik-001, Ensemb
accession No., ENSMUST00000093456; GenBank accession No., BC048938) encodes a
predicted protein (KXD1a, 177 aa, 20 kDa) with 93% identity to human KXD1 (NCBI
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accession No., NP_076974) (Fig. 1B). Another mouse transcript variant
(2810422J05Rik-006, Ensembl accession No., ENSMUST00000118850) differs from
KXD1a in the first exon, encoding a predicted 219 aa protein (KXD1b) with a molecular
weight of 24.6 kDa due to the addition of 42 aa at the N-terminus of KXD1a. Both
transcripts have been verified by sequencing the mouse RT-PCR amplicons encoding the
two full-length transcripts (data not shown). However, our purified antibody to KXD1a did
not recognize KXD1b in tissue blots (data not shown), suggesting that KXD1b may not play
a physiological role. Thus, we will use KXD1a to represent the mouse KXD1 homolog,
encoded by the Kxd1 gene, in the following studies. Mouse KXD1 has no transmembrane
domain, but contains an uncharacterized conserved KxDL domain from residues 12 to 99,
where the KxDL motif is located at residues 74 to 77. It is predicted to contain two
consecutive coiled-coils with lower probabilities within the region from residues 20 to 100
by the COILS program (Fig. 1C). In yeast, a KXD1 homolog (KXD1p/YGL079Wp) is
suggestive of a BLOC-1 interactor (28).

Interaction between KXD1 and BLOS1
Yeast two-hybrid analyses were applied to verify the prediction of an interaction between
mouse KXD1 and BLOS1. We also detected the binary interactions between KXD1 and the
other seven known BLOC-1 subunits. As autoactivations were found in dysbindin and
muted, we did not test the interactions between the dysbindin or muted bait (binding
domain) and the KXD1 prey (activation domain). KXD1 was found to interact with four
BLOC-1 subunits, BLOS1, BLOS2, cappuccino and dysbindin (Fig. 2A, 2B). We next
confirmed the interaction between KXD1 and BLOS1 by GST-pulldown and co-
immunoprecipitation assays. Both KXD1 and BLOS1 pulled down each other (Fig. 2C) and
coprecipitated with each other (Fig. 2D).

In addition, dysbindin is the largest known subunit of BLOC-1. We here determined that the
interacting domain of dysbindin to KXD1 was its coiled-coil C1 region (peptide 90–140 of
dysbindin) (Suppl. Fig. 1), where it interacts with pallidin (29) and snapin (30). The
interaction between dysbindin and KXD1 was further verified by GST-pulldown and co-
immunoprecipitation assays (data not shown). In our size-exclusion chromatography and
sedimentation velocity assays, we found that KXD1 cosedimented and co-fractionated with
dysbindin, muted and snapin (Suppl. Fig. 2). The co-residence of dysbindin and snapin in
this study agrees with a previous study (18). These results further support that KXD1 is
associated with dysbindin. Due to the unavailability of antibodies or constructs, we did not
test other interactions by biochemical assays between KXD1 and CNO or BLOS2 revealed
by the yeast-two hybrid assays (Fig. 2A). Taken together, our results revealed that KXD1
interacted with BLOS1 and was associated with several other BLOC-1 subunits, which
confirmed the prediction in yeast that KXD1 is a BLOC-1 interactor (28).

Defects of melanosomes and platelet dense granules in Kxd1−/− knockout mouse
To study the function of KXD1 in vivo, we designed a gene targeting scheme to replace
exon 5 of mouse Kxd1 gene (Fig. 3A). We confirmed the replacement of exon 5 at the
genomic level (Fig. 3B) and the loss of KXD1 protein in multiple tissues of Kxd1−/− mice
we tested, while KXD1 was widely expressed in wild-type mouse (Fig. 3C).

Inferred from the interactions with multiple BLOC-1 subunits, we investigate whether the
biogenesis of lysosome-related organelles are affected as reported in several BLOC-1 mouse
mutants (7). We examined the morphology of the melanosomes in the retinal pigment
epithelium and choroid, and the platelet dense granules in whole-mount platelets of the
Kxd1−/− knockout mice using their littermates (wild-type (WT) Kxd1+/+) as controls. Our
results did not show drastic defects or loss of these organelles (Fig. 4A, 5A) as seen in other
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BLOC-1 mutants such as Dtnbp1sdy, Mutedmu, Pldnpa, Cnocno and Bloc1s3rp (7, 16, 17, 31,
32), excluding Kxd1-KO mouse as a typical HPS mouse model (7).

However, the numbers of melanosomes in the retinal pigment epithelium and choroid of the
Kxd1−/− mutant were slightly increased but they were more rounded in shape and smaller
(Fig. 4A). We expect that these changes might affect the melanin biosynthesis in the eye
melanocytes. Considering the mixed genetic background (129/J and C57BL/6J) of the
Kxd1−/− mutant, we measured the eumelanin content in the eye of the Kxd1−/− mutant by
using C57BL/6J and 129/J as controls. We did not observe significant reduction in the eye
eumelanin content between 129/J agouti mice and non-agouti C57BL/6J mice (Fig. 4C). We
chose Kxd1-KO mice with agouti appearance close to 129/J in this experiment (Fig. 4B).
We found that the eumelanin content was significantly decreased in the eyes of the Kxd1−/−

mutants compared with the 129/J mice (Fig. 4C). Our data suggest that the eumelanin
synthesis in melanosomes may be impaired when the effect of mixed genetic background of
Kxd1-KO mice is considered.

Although platelet dense granules were present in the Kxd1−/− mutant, the number of these
granules was significantly reduced (Fig. 5) without affecting the total platelet counting (data
not shown). The total number of dense granules per platelet in wild-type mouse (average
about 10) agrees with the number seen in C57BL/6J or DBA/2J inbred strains (7, 34).
Whether this reduction will affect the bleeding time or serotonin secretion in the Kxd1−/−

mutant requires further investigation. This provides a unique mouse model to explore the
underlying mechanism of the biogenesis of dense granules or storage pool deficiency by
comparative organellar proteomics, since other HPS mutants have null platelet dense
granules (33). Taken together, loss of KXD1 mildly affected the biogenesis of lysosome-
related organelles, mimicking the mild form of Hermansky-Pudlak syndrome in humans.

BLOS1 is reduced in Kxd1−/− knockout mouse
To understand how the LROs are affected in Kxd1-KO mice, we suspect that the loss of
KXD1 may destabilize the steady-state levels of BLOC-1 subunits as KXD1 interacts with
several subunits of BLOC-1. As in a previous study (16), we checked the steady-state levels
of BLOC-1 subunits with available antibodies in kidney extracts. We observed the apparent
reduction of BLOS1 in Kxd1−/− mutant mice, while no apparent changes in dysbindin and
snapin, but an increase in muted (Fig. 6A). Likewise, we found a reduction of KXD1 in
BLOS1-siRNA knock down Hela cells (Fig. 6B). However, we did not observe apparent
changes in the steady-state levels of KXD1 in other BLOC-1 mutants, such as sandy, muted
and pallid (Fig. 6A). Hence, loss of KXD1 may not lead to the typical HPS phenotypes of
sandy, muted and pallid mutants as the loss of dysbindin, muted, and pallidin typically
destabilizes the other BLOC-1 subunits (16). The destabilization of BLOS1 in Kxd1-KO
mice may be the underlying mechanism of affected LROs, suggesting the interaction
between KXD1 and BLOS1 may be involved in the biogenesis of LROs.

Mutational screening of human KXD1 in HPS or albinism patients
In human, nine genes have been characterized as the causative genes of HPS. HPS-7, HPS-8
and HPS-9 are BLOC-1 defects. Oculocutaneous albinism (OCA) is one of the typical
phenotypes of HPS and we have identified four HPS-1 patients during our molecular
screening in 179 Chinese OCA patients (34). We reasoned that mutation of the KXD1 gene
might produce a subtype of HPS or OCA as the LROs in the Kxd1-KO mice were affected.
We screened the mutations on human KXD1 gene in the patients with unidentified
mutations of known OCA genes, including 8 HPS, and 19 HPS-like patients from the
collection at the National Institutes of Health (USA), and 11 Chinese OCA patients in the
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Chinese Albinism Registry (34). No KXD1 pathological mutation was found in these
patients.

DISCUSSION
BLOC-1 functions in the biogenesis of lysosome-related organelles. Loss of the BLOC-1
subunit causes typical murine Hermansky-Pudlak syndrome, illustrated by spontaneous
mutations in the genes encoding pallidin (35), muted (32), dysbindin (16), cappuccino (17)
and BLOS3 (31). The snapin knock-out mutant has not been characterized as an HPS mouse
model, because this mutant dies soon after birth (36). There are no reports of mouse mutants
in two other subunits of BLOC-1, i.e., BLOS1 and BLOS2. It is unknown whether loss of
any of the BLOC-1 subunits will cause the typical murine HPS. Our biochemical data
showed that KXD1 is an interactor of BLOC-1. The Kxd1 knock-out mutant mouse did not
show typical features of murine HPS, but it did show a reduction of the platelet dense
granules and malformed melanosomes in retinal pigment epithelia, which may lead to
reduced melanin synthesis. This renders the Kxd1−/− mutant the first model of a mild form
of HPS in mouse.

In typical murine HPS such as sandy, muted and pallid, loss of one BLOC-1 subunit leads to
the destabilization of several other subunits (Fig. 6A) (16). In the Kxd1−/− mutant, only
BLOS1 was reduced, with the steady-state levels of dysbindin and pallidin unaffected.
Likewise, the steady-state levels of KXD1 did not change in three BLOC-1 mutants, sandy,
muted and pallid (Fig. 6). Our data indicate that loss of KXD1 may not disrupt the core
architecture of BLOC-1 complex, possibly explaining why LROs such as melanosomes and
platelet dense granules are mildly affected in the Kxd1−/− mutant. More surprisingly, muted
protein was increased in the Kxd1−/− mutant, suggesting that the presence of KXD1 may
destabilize muted, or that the absence of KXD1 may increase muted as a rescue-mechanism
to compensate its function. BLOC-1 is assembled in a linear manner with one copy of each
subunit in vitro. Two subcomplexes of BLOC-1 have been suggested. (27). At least, KXD1
affects the steady-state of BLOS1 and muted in our study. Whether the interaction between
KXD1 and BLOC-1 subunits is required for the regulation of the assembly of BLOC-1
remains to be defined. More detailed biochemical studies together with the crystal structure
of BLOC-1 will provide clear evidence for the assembly of BLOC-1. In addition, other yet
to be defined BLOC-1 interactors may also play a role in regulating the assembly of
BLOC-1, as suggested by other interactors from the PPI predictions shown in Figure 1A and
the literature (28, 37, 38). The identification of novel interactors of BLOC-1 will expand our
understanding of its functions.

MATERIALS AND METHODS
Mouse colonies and gene targeting

The Kxd1 knockout mutant (Kxd1−/−) was generated by gene targeting in 129/J-derived ES
cells and bred in C57BL/6J at the animal facility of the Institute of Genetics and
Developmental Biology (IGDB), Chinese Academy of Sciences. The sandy, muted and
pallid mutant colonies were originally from the Jackson Laboratory and maintained in Dr.
Richard Swank's laboratory at Roswell Park Cancer Institute (Buffalo, New York, USA) and
now homed at IGDB. All procedures were approved by the Institutional Animal Care and
Use Committee of IGDB. To ensure the genotypes of Kxd1−/− and wild-type, we developed
a PCR method of genotyping based on the gene targeted region of the Kxd1 gene.
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Study subjects
We recruited 11 unrelated oculocutaneous albinism (OCA) patients from the Chinese Han
population by following the criteria for the differentiation of OCA1A, OCA1B and OCA2 as
previously described after mutations in TYR, OCA2, SLC45A2 and HPS1 were excluded
(34, 39). In all the 11 OCA patients, white skin, blue or brown iris and mild to severe
nystagmus were observed. We also included 8 typical HPS (based on hypopigmentation and
absent platelet dense granules), and 19 HPS-like patients (based on hypopigmentation and
other clinical symptoms, with visible platelet dense bodies) from the collection in National
Institutes of Health (USA). This study was approved by the Institutional Review Boards of
the Bioethics Committee of the Institute of Genetics and Developmental Biology, Chinese
Academy of Sciences and of the National Human Genome Research Institute, National
Institutes of Health, USA. The study was conducted according to Declaration of Helsinki
Principles. Written informed consents were obtained and 8 ml peripheral blood samples
were collected from all subjects participating in this study. Mutational screening was
conducted by Sanger sequencing the exons and exon/intron boundaries of the human KXD1
gene.

Bayesian analysis
To filter the false positive protein-protein interaction (PPI) from the large screen by yeast-
two hybrid, we developed a novel Bayesian algorithm. We took the CuraGen PPI
probabilities from the Drosophila interaction database (http://www.droidb.org/) as prior
probabilities. We searched the corresponding human homologous genes from NCBI Homolo
Gene (http://www.ncbi.nlm.nih.gov/sites/homologene) and calculated the correlation
coefficients of tissue expression intensities from BioGPS (http://biogps.gnf.org/) as
conditional probabilities. We took the PPIs with higher posterior probabilities than prior
probabilities calculated by the Bayesian equation into account for candidate positive PPIs.
After these candidate PPIs were filtered by the known PPIs using our PPI Finder program
(http://liweilab.genetics.ac.cn/tm/) (40), the candidate novel PPIs were included in the
predicted interactome and subject to validation by biochemical assays.

Yeast two-hybrid assay
We followed the protocol described in the user manual of the MATCHMAKER 3 yeast two-
hybrid system (Clontech, Mountain View, CA, USA). All constructs used in this study were
generated as previously described (30). Yeast cells (AH190) were co-transformed with bait
(with binding domain) and prey (with activation domain) vectors, and then plated on SD
culture medium lacking leucine and tryptophan at 30°C. Colonies that developed within 3
days were transferred to SD medium modified to lack histidine and adenine. Colonies that
were able to grow on this medium were selected as positive interactions. Each experiment
was repeated three times.

Antibodies
Polyclonal KXD1 antibody was generated in New Zealand White rabbit against a His-
tagged fusion protein corresponding to the mouse full-length Kxd1 gene (GenBank
accession No., BC048938). Affinity purified antibody was produced by using nitrocellulose
membrane (NC Membrane, Shanghai, China) with full-length KXD1 antigen. Likewise,
polyclonal muted, BLOS1 and dysbindin antibodies were generated in New Zealand White
rabbits against His-tagged full-length mouse proteins respectively.

Polyclonal snapin antibody was purchased from SYSY (Goettingen, Germany). Monoclonal
anti-GST antibody was purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
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Polyclonal anti-Myc antibody, monoclonal anti-Flag, anti-His and anti-β-actin antibodies
were purchased from Sigma (Sigma-Aldrich, St. Louis, MO, USA).

Steady-state level of protein by immunoblotting
Tissues from wild-type or mutant mice were homogenized in a lysis buffer containing
50mM Tris-HCl, pH 7.4, 150mM NaCl, 1% Triton X-100, supplemented with proteinase
inhibitor cocktail (Sigma). The extracts were centrifuged at 15,000 g for 15 min, and the
concentration of the solublized protein was determined with Protein Assay (Bio-Rad,
Hercules, CA, USA). For detection of various proteins in tissue homogenates, equal
amounts of tissue homogenates were separated in SDS-PAGE gels and immunoblotted by a
standard procedure, probed with the indicated antibodies and visualized by ECL+ staining
(Amersham Biosciences, Piscataway, NJ, USA). Loading controls were probed with anti-β-
actin antibody.

Pulldown assay
Full-length BLOS1 or KXD1 was subcloned into the pGEX-4T-1 (with GST-tag) and the
His-fusion vector pET28a. GST or GST fusion vectors were transformed into Rosseta
competent cell containing pET28a fusion plasmids respectively. Transformants with two
kinds of plasmids were then cultured and enriched in LB medium containing both ampicillin
and kanamycin antibiotics. GST fusion proteins were purified by glutathione-sepharose 4B
(Amersham Biosciences, Piscataway, NJ, USA). Bound protein was detected by
immunoblotting with a polyclonal antibody to His. The same PVDF membrane was probed
with anti-GST antibody to confirm comparable loading of GST fusion protein.
Immunoblotting tests were conducted as described above.

Co-immunoprecipitation
Flag-tagged pCMV-2B-KXD1 or BLOS1 and Myc-tagged pCMV-3B-BLOS1 or KXD1
were co-transfected into HEK293 cells maintained in DMEM supplemented with 10% fetal
bovine serum (Invitrogen, Carlsbad, CA, USA) and cultured for 36 h after transfection. Cells
were collected by treatment with trypsin and homogenized in lysis buffer (50mM Tris-HCl,
pH 7.4, 150mM NaCl, 0.1% Triton X-100 and protease inhibitor mixture) at 4°C. Lysates
were centrifuged at 10,000 g for 15 min at 4°C. Cleared lysates were then incubated with
anti-FLAF M2 magnetic beads (Sigma) for 12 h and eluted by Flag peptide (Sigma)
according to the manufacture's manual. Eluates were evaluated by immunoblotting with a
polyclonal anti-Myc antibody (Sigma). The same blot was probed with anti-Flag antibody
(Sigma) to confirm comparable loading of Flag-tagged proteins. Immunoblotting procedures
were conducted as described above.

Co-sedimentation and co-fractionation
Aliquots of mouse liver were homogenized in sample buffer (0.3M Tris-HCl, pH 7.5, 1mM
EGTA, 1mM dithiothreitol, 0.5mM MgCl2, and protease inhibitor mixture) followed by
centrifugation at 5000 g for 5 min and at 120,000 g for 90 min at 4°C (11). The supernatant
was fractioned by ultracentrifugation on an MLA-55 rotor (Optima, Beckman, Germany) at
100,000 g on a 5–20% (w/v) sucrose gradient (12 ml) prepared in sample buffer. Total 24
fractions (0.5 ml each) were analyzed by immunoblotting with antibodies to dysbindin,
KXD1, muted, snapin and BLOS1.

Mouse liver supernatant (0.2 ml, about 6mg of total protein) was applied to a Superdex 200
column (1×30cm) and eluted with sample buffer at a flow rate of 0.4 ml/min. The size-
exclusion chromatograhpy was performed at 4°C in a Fast Protein Liquid Chromatography
System (GE Healthcare). Fractions (0.5 ml each) were collected and analyzed by
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immunoblotting with antibodies to dysbindin, muted, snapin and KXD1. Immunoblotting
procedures were conducted as described above.

Electronic microscopy
Retina—Eye tissues were fixed over night at 4 °C with 3% glutaraldehyde in 0.1 M
phosphate buffer, pH7.2. Post-fixation was in 1% osmium tetroxide in 0.1 M phosphate
buffer pH7.2, for 1 h. Tissues were dehydrated in serial acetone incubations and embedded
in Spurr resin, polymerized at 70°C for 12 hours. Tissues were sectioned to 70 nm with
Leica ultramicrotome. Grids were viewed without staining directly on an electron
microscope (JEOL, JEM 1400, Japan) at 80 KV and digital images were captured with CCD
camera.

Platelets—Mouse blood (0.9 ml) was obtained from heart right ventricle and mixied with
3.8% sodium citrate (0.1 ml). Platelet rich plasma was obtained by centrifugation at 150 g
for 10min at room temperature. A drop of platelet rich plasma was put on a carbon coated
grid and, 30 sec later, blotted carefully with Whatman 3# filter paper. The grids were viewed
without staining on a JEM1400 electron microscope.

Eye eumelanin measurement by HPLC
The quantification of eumelanin was based on the formation of the specific degradation
product, pyrrole-2,3,5-tricarboxylic acid (PTCA) by alkaline H2O2 oxidation of eumelanin
(41). Briefly, whole mouse eye was taken into 2 ml screw-capped test tubes, to which 375 μl
1 mol/l K2CO3 and 25 μl volume of 30% H2O2 (final concentration: 1.5%) were added. The
mixtures were mixed in the room temperature for 20 hrs. The residual H2O2 was
decomposed by the addition of 50 μl 10% Na2SO3 and the mixtures were then acidified with
140 μl 6 mol/l HCl. After vortex-mixing, the reaction mixtures were centrifuged at 4,000 g
for 1 min, and aliquots (20 μl) of the supernatant fluids were directly injected into the HPLC
system (Waters 1525, Waters Corp., USA) using a Symmetry C18 column (4.6 mm × 250
mm, 5 μm, Waters, Ireland) and a UV detector. The mobile phase was 0.1 mol/l potassium
phosphate buffer (pH 1.9) : MeOH, 99 : 1 (v/v). Analyses were performed at 35°C at a flow
rate of 0.7 ml/min. Absorbance of the eluent was monitored at 269 nm.

Statistics
For melanin measurements, statistical significance was determined by Student's t-test. For
platelet dense granule counting results, statistical significance was determined by Chi-square
test. In the figures, all data represent mean ± s.e.m. * p<0.05, ** p<0.01.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Predicted interaction between BLOS1 and KXD1
(A) The 3-tier predicted interactome of human BLOC-1 using naïve Bayesian analysis. The
first tier of this interactome consists of four subunits of BLOC-1 encoded by DTNBP1,
PLDN, BLOC1S1 and BLOC1S2. The interaction between the products of BLOC1S1 and
KXD1 (shown in blue, encodes human KXD1.) is located in the second tier. (B) Genomic
structure of mouse Kxd1 gene spanning a 9.79kb region in chromosme 8 in the Ensembl
database (http://www.ensembl.org). (C) Predicted coiled coils of mouse KXD1 by the
COILS program (http://www.ch.embnet.org/software/COILS_form.html). Two coiled coils
are shown with lower probabilities.
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Figure 2. Interactions between KXD1 and other BLOC-1 subunits. (A1, A3)
Yeasts grown on SD medium lacking leucine and tryptophan; (A2, A4) Same yeasts grown
on SD medium lacking adenine, histidine, leucine and tryptophan. (A1, A2) Full-length
KXD1 is used as a bait (with binding domain) to test different preys (with activation
domain). 1) BLOS1; 2) BLOS2; 3) BLOS3; 4) snapin; 5) pallidin; 6) cappuccino; 7) muted;
8) dysbindin. (A3, A4) Full-length KXD1 is used as a prey to test different baits. a) BLOS1;
b) BLOS2; c) BLOS3; d) snapin; e) pallidin; f) cappuccino. (B) The schematic depiction of
KXD1 interactors revealed in (A). Bilateral arrows show bi-directional interactions, while
the unilateral arrow between KXD1 and dysbindin shows that KXD1 binds to dysbindin in a
unidirectional manner. (C) GST-tagged BLOS1 and KXD1 pull down His-tagged KXD1
and BLOS1, respectively, while GST alone added as negative controls do not pull down
His-tagged KXD1 or BLOS1. Vertical dotted lines indicate the junction sites of a blot from
the same experiment. (D) Flag-tagged KXD1 and BLOS1 co-precipitate with Myc-tagged
BLOS1 and KXD1, respectively, while Flag empty vectors added as negative controls do
not co-precipitate with Myc-tagged BLOS1 or KXD1.
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Figure 3. Generation of Kxd1 kockout mice
(A) Schematic diagram of gene targeting of exon 5 of Kxd1. Exon 5 is replaced by PGK-neo
cassette from the targeting vector. (B) Genomic PCR verification of the deleted exon 5 of
Kxd1. The wild-type allele gives rise to the PCR amplicon of 469 bp, while the mutational
allele gives rise to the 415 bp amplicon. A test of five littermates is shown. (C) KXD1
protein is null in multiple tissues of the Kxd1−/− knockout mice compared with wild-type
littermates; actin served as a loading control. In this figure, +/+, +/−, −/− denote genotypes
of wild-type, heterozygote, and homozygote respectively.
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Figure 4. Ultrastructures of melanosomes and eumelanin measurement in mouse eye
(A) Transmission EM pictures of the retina of Kxd1−/− mutant and its wild-type littermate
(Kxd+/+). RPE: retina pigment epithelia. Scale bar = 5 μm. (B) Mouse pictures of C57BL/6J,
129/J, Kxd1−/− mutant (on 129/J background). (C) Eumelanin quantification of eye by
HPLC. Melanin content is significantly reduced in Kxd1−/− mutant (17.99±0.45 ng/mg,
n=35) compared to control 129/J mice (20.66±0.48 ng/mg, n=34). The melanin content did
not differ significantly between 129/J and C57BL/6J (19.61±0.76 ng/mg, n=36). All data
represent mean ± s.e.m. * p<0.05, ** p<0.01.
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Figure 5. Dense granules are decreased in Kxd1-KO mice
(A) Transmission EM pictures of platelets of the Kxd1−/− mutant and its wild-type
littermate. Arrows show the platelet dense granules. Lighter intensity dots or smaller dots
(diameter less than 100 nm) are not counted as dense granules (42). Scale bar = 1 μm. (B)
Quantification of platelet dense granules. Dense granule number per platelet is significantly
reduced in Kxd1−/− mutant (8.08±0.31, n=195) compared to wild-type mice (9.93±0.36,
n=191). All data represent mean ± s.e.m. ** p<0.01.
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Figure 6. Steady-state levels of BLOC-1 subuints in Kxd1-KO mice
(A) Steady-state protein levels in kidney lysates from different mouse mutants and wild-type
controls. Dtnbp1sdy arose from DBA/2J; Mutedmu arose from CHMU/Le; Pldnpa and
Kxd1−/− mutant are controlled by C57BL/6J. Note that BLOS1 is reduced in the Kxd1−/−

mutant mice. These experiments were repeated in three independent assays. (B) Mouse
Bloc1s1 siRNA (GGACATGCGCACCATTGCC) and a control scramble siRNA were
transfected into the Hela cells for 72h culture. The lysates were collected and western blots
were probed with antibodies to BLOS1, KXD1 and actin by immunoblotting.
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