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The Rab protein family, one of the small GTP-binding
protein superfamilies, is believed to be essential for intra-
cellular membrane trafficking in eukaryotic cells. In our
research unit, we focus on the Rab27A gene, in which mu-
tations cause haemophagocytic syndrome (Griscelli syn-
drome), an uncontrolled T lymphocyte and macrophage
activation syndrome in humans and try to understand
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the molecular mechanism of Rab27A-dependent membrane
trafficking. We recently discovered that Slp homology
domain (SHD) of the synaptotagmin-like protein (Slp)
family and Slac2 directly interacts with the GTP-bound
activated form of Rab27A (and its closely related isoform
Rab27B). We are now investigating the involvement of the
Slp and Slac2 families in Rab27-dependent membrane traf-
ficking, such as granule exocytosis in cytotoxic T lympho-
cytes and melanosome transport in melanocytes.

1. Identification and characterization of SHD as
a novel Rab27 effector domain

The synaptotagmin-like protein (Slp) family (Slpl-5)
was recently identified as a new group of C-terminal-type
(C-type) tandem C2 proteins that contain two C2 Ca’T-
binding motifs (named the C2A domain and the C2B
domain) and a unique N-terminal Slp homology domain
(SHD). The SHD usually consists of two conserved a-
helical regions (SHD1 and SHD2) separated by two zinc-
finger motifs (type I SHD), but the SHDs of Slp1 and Slp2-
a lack such zinc-finger motifs, and the two SHDs are linked
together (type II SHD). To date, a total of five distinct slp
genes (slpI1-5) have been reported in humans and mice,
and some of them have several alternatively spliced iso-
forms (e.g., Slp2-a/b/c/d). Since the SHD is also found
in other proteins (named Slac2 ; Slp homologue lacking
C2 domains), we previously suggested that the SHD might
serve as a novel protein motif. We recently discovered that
the SHD specifically and directly binds the GTP-bound
form of Rab27A and Rab27B and proposed that the SHD
functions as a novel Rab27 effector domain.

2. Role of the Slp and Slac2 families in
melanosome transport in melanocytes

Although mutations in either the RAB27A gene or the
MYO5A gene are known to cause human Griscelli syn-
drome, which is characterized by defects in melanosome
transport in melanocytes (i.e., clumping of melanosomes
in the perinuclear region), functional relationships between
Rab27A and myosin Va, an actin-based motor protein, in
melanosome transport remained to be clarified. We re-
cently discovered that Slac2-a (also called melanophilin),
one of the Rab27 effectors that we have identified, func-
tions as a “missing link” between Rab27A on melanosomes
and myosin Va and that formation of a tripartite protein
complex (Rab27A - Slac2-a * myosin Va) is essential for
actin-based melanosome transport. After actin-dependent
melanosome transport, the second Rab27A effector Slp2-
a promotes the anchoring of melanosomes to the plasma
membrane of melanocytes through direct interaction of the
C2A domain with phosphatidylserine.

We also identified Slac2-c (also called MyRIP), a ho-
mologue of Slac2-a. Slac2-c is also capable of interacting
with Rab27A/B and myosin Va/VIla. Since mutations
in the MYO7A gene cause auditory and retinal defects in
humans (Usher syndrome type IB), Slac2-c might be in-
volved in retinal melanosome transport in retinal pigment
epithelium cells by analogy to the function of Slac2-a in
melanocytes.

3. Role of the Slp and Slac2 families in regulated
secretion

In addition to the melanosome transport, Rab27A (or
Rab27B) is also involved in the control of regulated gran-
ule exocytosis in certain immune cells, endocrine cells,
and exocrine cells possibly through interaction with dif-
ferent Rab27 effectors. By using endocrine PC12 cells, we
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found that Slp4-a (also called granuphilin) is a negative
regulator for dense-core vesicle exocytosis through inter-
action with GDP-bound form of Rab27A, whereas Slp3-
a and Slp5, Ca?T-dependent type Slps, promote Ca®'-
dependent dense-core vesicle exocytosis through interac-
tion with GTP-bound form of Rab27A. We also found
that Slac2-c is involved in insulin secretion from pancre-
atic B-cells and amylase release from parotid acinar cells
through interaction with actin. We are now trying to iden-
tify Rab27 effector(s) that functions in immune cells.

4. Identification and characterization of specific
GAP/GEF for Rab27

Since constitutive active mutants of Rab27A (mimics
GTP-bound form) in Griscelli syndrome patients do not
support normal melanosome transport in melanocytes, the
appropriate GDP/GTP exchange cycle of Rab27A is essen-
tial for this process. Although the GDP/GTP exchange cy-
cle of small G proteins is generally believed to be controlled
by two regulatory proteins, GEF (guanine nucleotide
exchange factor) and GAP (GTPase-activating protein).
However, no such GEF or GAP specific for Rab27A has
ever been elucidated. We are now biochemically isolating
Rab27-GEF and -GAP proteins to understand the molec-
ular mechanism of the activation/inactivation of Rab27A
during melanosome transport.

5. Role of the synaptotagmin family in Ca2t-
regulated exocytosis

Synaptotagmin (Syt) represents a large family of puta-
tive membrane trafficking proteins conserved form nema-
todes to humans, and it is defined as a C-type tandem C2
protein with an N-terminal single transmembrane domain.
To date, 15 distinct syt genes (syt I-XV') have been iden-
tified in mice and humans. Syt I is the best characterized
isoform of Syt abundant on synaptic vesicles, and we have
previously shown that Syt I is essential for synaptic vesicle
exocytosis (possibly functioning as a Ca®T-sensor) and en-
docytosis in neurons. We recently found that several Syt
isoforms (e.g., Syts I, IV, VI, and IX) are also involved in
other types of Ca®*-regulated membrane trafficking, such
as dense-core vesicle exocytosis in certain endocrine cells,
growth cone vesicle exocytosis during neurite outgrowth,
plasma membrane repair, glutamate release from astro-
cytes, and acrosome reaction in sperms. We are now inves-
tigating the functions and subcellular localization of other
Syt isoforms.
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