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Kinesin family proteins are microtubule-dependent molecular motors involved in the
intracellular motile process. Using a Ca^-binding protein, CHP (calcineurin B homolo-
gous p_rotein), as a bait for yeast two hybrid screening, we identified a novel kinesin-
related protein, KIF1BP2. KIF1BP2 is a member of the KIF1 subfamily of kinesin-related
proteins, and consists of an amino terminal KLFlB-type motor domain followed by a tail
region highly similar to that of KLKlA. CHP binds to regions adjacent to the motor do-
mains of KEF1B32 and KIF1B, but not to those of the other KIF1 family members, KEF1A
and KIF1C. Immimostaining of neuronal cells showed that a significant portion of
K1HBP2 is co-localized with synaptophysin, a marker protein for synaptic vesicles, but
not with a mitochondria-staining dye. Subcellular fractionation analysis indicated the
co-localization of KIF1BP2 with synaptophysin. These results suggest that K1F1BP2, a
novel CHP-interacting molecular motor, mediates the transport of synaptic vesicles in
neuronal cells.

Key words: calcineurin-homologous protein, kinesin-related protein, microtubule, syn-
aptic vesicle, vesicular transport.

Intracellular trafficking of secretory and transmembrane
proteins takes place in transporting vesicles that bud from,
and fuse with, sequential endomembrane compartmenta
The organelles and carrier vesicles are localized in associa-
tion with the polarized microtubule arrays. For example,
the endoplasmic reticulum and early endosomes are usu-
ally dispersed along microtubules toward the plus ends ex-
tending radially to the cell periphery, whereas the Golgi
apparatus, late endosomes, and lysosomes are often clus-
tered near the minus ends located at the cell center in non-
polarized cells. The cargo-laden vesicles appear to travel
along cytoskeletal tracks powered by molecular motor pro-
teins. Thus, efficient transport through the secretory and
endocytic trafficking is thought to be achieved due to the
microtubule-dependent distribution (1-4).

Many members of the kinesin, dynein, and myosin
superfamilies have been implicated as molecular motors in
vesicle and organeUe trafficking. Long-range vesicle trans-
port along microtubules involves kinesin and dynein mo-
tors, whereas short-range transport is mediated by myosin
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motors on actdn filaments (5-7). Kinesin and most kinesin-
related proteins drive movement toward the plus ends of
microtubules at the cell periphery, and dynein and some
members of the kinesin family mediate it toward the minus
ends (8). The plus-end directed kinesin-related proteins
comprise over 30 members classified into eight subgroups
(9). They share a conserved motor domain of -350 amino
acid residues, which contains binding sites for ATP and
microtubules, at their amino-termini. Outside of the motor
domains, their amino acid sequences differ widely, reflect-
ing their different functions. Similar to the originally iden-
tified kinesin, most members of the kinesin family have a
central a-helical region that mediates the homo-dimeriza-
tion of kinesin heavy chains. The tail of kinesin is thought
to bind cargo and accessory proteins. KIF1A and KIFlBa
are members of the KIFl/Uncl04 family of monomeric
motors, and transport membrane-bound organelles, synap-
tic vesicles and mitochondria, respectively (10, 11). Al-
though they show a high degree of similarity in their
amino-terminal motor domains, the sequences of their car-
boxyl termini are more divergent, which supports the view
that the tails of these motors confer the cargo-selection
specificity. KTFlC and KIF1D, which have been reported as
the third and fourth members of the KEFl/UnclO4 subfam-
ily, possess divergent tail regions, whereas their cargo mol-
ecules/compartments remain unknown (12-14).

CHP/p22 (calcineurin B homologous pjotein) is a Ca2+

binding EF-hand protein of 22 kDa (15-17). This protein
shows significant similarity to the regulatory B subunit of a
heterodimeric protein phosphatase, calcineurin, which is
known to participate in a number of cellular processes and
Ca2+-dependent signal transduction pathways (18). Al-
though CHP belongs to the calcineurin B family based on
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its primary sequence, recent studies suggested that it
should be placed in a separate subfamily (17,18). CHP was
originally identified as a molecule required for the transcy-
totic trafficking of polymeric IgA receptors to the apical
plasma membrane (15). Further studies showed that CHP
regulates plasma membrane NaVH+ exchangers (NHEs) by
associating with the cytoplasmic domains of NHEs (16, 17,
19). We have recently shown that CHP interacts with not
only NHEs, but also a serine/threonine protein kinase,
DRAK2, involved in apoptotic cell death (17). Although the
physiological role of CHP has not been defined, these find-
ings raise the possibility that CHP acts as a regulator for a
wide variety of target proteins. Accordingly, we searched for
proteins that interact with CHP in a rat brain cDNA
library using the yeast two-hybrid system, and found a
kinesin-related protein. Here we describe the cloning and
characterization of a new member of the KIFl/UnclO4 sub-
family, KIF1BP2, capable of interacting with CHP.

EXPERIMENTAL PROCEDURES

Cell Culture—Embryonic hippocampal cell cultures were
prepared from the hippocampi of 18-day-old fetal rats as .
described previously (20). The hippocampi were treated
with 0.25% trypsin at 37°C for 10 min, and then incubated
in the presence of 10 (ig/ml DNasel for 5 min. The dissoci-
ated neuronal cells were washed with DMEM containing
10% fetal calf serum (FCS), plated at 2 x 106 cells/cm2 on
polyethyleneimine-coated coverslips, and then cultured in
the medium containing 10 {iM cytosine-P-D-arabinofurano-
side hydrochloride. The cells were fed once every 7 days.
Neuro2A and NB-1 cells were cultured in MEM and RPMI-
1640, respectively, supplemented with 10% FCS. AD media
contained non-essential amino acids, 100 units/ml penicil-
lin, and 100 (xg/ml streptomycin.

Yeast Two-Hybrid Screening—The entire coding se-
quence of rat CHP was subcloned into the BamHISall
sites of the bait vector pGBTK (17) to generate pGBTK-
CHP. This placed the CHP sequence in frame with the
DNA binding domain of the Gal4 transcriptional activator.
Bait strains were generated by transforming pGBTK-CHP
into Saccharomyces cerevisiae strains HF7c (MATh ura3-52
his3-200 lys2-801 ade2-101 trpl-901 Ieu2-3,112 gal4-542
gal80-538 IXS2::GAL1-HIS3 URA3::8(GAL4 17mers)3-
CYCl-lacZ) and SFY526 (MAT& ura3-52 his3-200 lys2-801
ade2-101 trpl-901 Ieu2-3,112 gal4-542 gal80-538 URA3::
GALl-lacZ) according to the manufacturer's instructions
(CLONTECH). HF7c cells were transformed with a rat
brain cDNA library constructed on pGADIO (CLONTECH),
and then plated onto a synthetic minimal medium contain-
ing 2.5 mM 3-aminotriazole, but lacking histidine, tryp-
tophan, and leucine (1 x 105 transformants screened). The
colonies were restreaked onto fresh selective plates contain-
ing 5 mM 3-aminotriazole. Candidate His+ clones were fur-
ther assayed for (5-galactosidase activity with the HF7c and
SFY526 strains according to the manufacturer's instruc-
tions (CLONTECH). The prey plasmid was isolated from
the cells and the nucleotide sequence of the cDNA was
determined using standard methods (21,22).

cDNA Cloning—Colonies (6.4 x 106) of Escherichia coli
cells carrying the rat brain cDNA library were replica-
plated onto Hybond-N+ nylon membranes (Amersham
Pharmacia Biotech), and then screened by hybridization

with the ^-labeled cDNA clone originally isolated on the
two-hybrid screening. Hybridizing clones were isolated,
purified, and sequenced using standard methods (21).

Northern Blotting—Total RNAs (20 (jig) from rat tissues
were electrophoresed and then blotted onto a Hybond-N*
membrane. A ^-labeled DNA fragment of rat KIF1BP2
cDNA (3074-3759 nt, numbered from the first letter of the
initiation codon) was used as a probe.

Antibodies—The monoclonal antibody for synaptophysin
(mouse clone SY38) was purchased from Chemicon. Alexa-
546 and FITC-conjugated secondary antibodies were from
Molecular Probes and American Qualex (San Clemente,
CA), respectively. Two kinds of KTF1BP2 antisera were
raised by immunizing rabbits. One (CBD antibody) was
generated against a bacterially expressed rat KIF1BP2
fragment (aa 301-554) tagged with 6x histidine. The other
was raised against a synthetic KEFlBp2 peptide (aa 396-
435; DDYSGSGGKYLKDF) conjugated to keyhole limpet
hemocyanin. The antibodies were affinity-purified using
the KTFlBp2 fragment (aa 301-554) fused with maltose-
binding protein (MBPr) (23). Anti-rat CHP antibodies were
as described previously (17).

Immunofluorescence Microscopy—Fixed cells were per-
meabilized (24), incubated with the antibodies against
KTF1BP2, synaptophysin, or CHP, and then reacted with
fluorescently labeled secondary antibodies. For double
staining with mitochondria, cells were pre-incubated with
100 nM MitoTracker Red CMXRos (Molecular Probes) at
37°C for 15 min prior to fixation (25). Samples were filled in
VectaShield (Vector Laboratories) and then observed under
an Olympus BX51 Microscope.

Subcellular Fractionation—A whole rat brain was rinsed
with phosphate-buffered saline, and then homogenized in a
buffer comprising 150 mM potassium acetate, pH 7.4, 1
mM MgC^, 1 mM ethyleneglycol bis(p-aminoethylether)-
tetraacetic acid, 10 jig/ml leupeptin, 1 ng/ml pepstatin, and
2 mM phenylmethylsulfonyl fluoride. The postnuclear
supernatant obtained on centrifugation at 460 xg was lay-
ered on the buffer containing 2 M sucrose, and then spun
at 100,000 xg for 30 min. The subcellular membranes at
the interface between the 0 and 2 M sucrose layers were
collected, resuspended in the buffer containing 1.8 M
sucrose, and then laid at the bottom of a sucrose gradient
composed of eight 1 ml layers of the following: 0.1, 0.2, 0.3,
0.4, 0.8, 1.0,1.2, and 1.5 M sucrose in the buffer. The gradi-
ent was centrifuged at 170,000 xg for 24 h, and then frac-
tionated from the top into 19 fractions (0.5 ml each). The
proteins in each fraction were precipitated with ice-cold
trichloroacetic acid, and then subjected to Western blotting
analysis.

Recombinant KIF1 and CHP Proteins—PCR fragments
encoding the CHP-binding regions of rat KEFIBp2 (aa 301-
554) with and without the 40 amino acid insertion, mouse
KIF1A (aa 295-508), and rat KTF1C (aa 294-518) were
introduced into the BamHl-San. sites of pMAL-cRI (New
England BioLabs) to generate expression plasmids for in
frame fusion proteins with MBP. The entire coding se-
quence of rat CHP was inserted into the Ndel—HindJQ.
sites of pET21b (Novagen). This placed the CHP sequence
in frame with 6xhistidine tag. The MBP-KIF1 and CHP-
6xHis proteins were expressed in E. coli, and then affinity-
purified using amylose-resin (New England BioLabs) and
Ni-NTA-resin (Qiagen), respectively.
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In Vitro Binding Assay—The recombinant CHP (10 \ig)
was incubated with the MBP-KIF1 fusion proteins (5 ng)
immobilized on 25 n-1 of amylose-resin in 20 mM Tris-HCl,
pH 7.4, containing 200 mM NaCl, 1 mg/ml bovine serum
albumin, and either 1 mM ethylenediaminetetraacetic acid
or 2 mM CaClj for 30 min at 4°C. After washing the resins
with the buffer, the proteins were eluted by incubation in
SDS-sample buffer at 50"C, subjected to SDS-polyacryla-
mide gel electrophoresis, and then visualized by Coomassie
brilliant blue staining.

Materials—Cell culture reagents were obtained from
Sigma and GIBCO BRL. Other chemicals were from
Sigma, unless otherwise specified.

RESULTS

Identification of a CHP-Binding Protein on Yeast Two-
Hybrid Screening—To identify protein(s) binding to CHP,
we employed the yeast two-hybrid system (26). We screen-
ed a rat brain cDNA library using rat CHP cDNA as a bait,
and found one positive clone. The cDNA fragment encodes
254 amino acid residues highly similar to regions of KIF1B
proteins, KIFlBa, KIFlBp (aa 295-508), and KIFlBp204
(aa 301-554) (10, 27, 28), but lacking both initiation and
termination codons (see Fig. 1A). This cDNA clone con-

tained an insertion sequence of 40 amino acids in length,
which is conserved in KTFlBp204. The homology of the se-
quences of the rat clone and mouse KEFlB without the
insertion was 98%. The sequence similarity to other mem-
bers of the KIF1 family, mouse KIF1A (11), human KIF1C
(13), and rat KIF1D (12), was 83, 71, and 69%, respectively.

Cloning of the Entire Sequence of the Kinesin-Related
Protein Capable of Interacting with CHP—We cloned
cDNAs containing the full-length open reading frame of the
KTFlB-related protein from the rat brain library, which
was probed with the cDNA isolated on the two-hybrid
screening. The cDNA cloned encoded a single protein con-
sisting of 1816 amino acids, with a predicted molecular
weight of 204 kDa (Fig. LA). The deduced amino acid se-
quence is highly similar to those of mouse KIFlBp204 (99%
identity) and KIFlBp (98% identity) (27, 28). The insertion
sequence of 6 amino acids in length found in the mouse
KEFlBp204 was conserved in this rat clone (aa 289-294).
The amino-terminal region (aa 1-706) containing the motor
domain was quite similar to that of mouse KIF1B (98 %
identity) (Fig. 1, B and C). The P-loop sequence (Gly-97-
Ser-104) characteristic of ATP- or GTP-binding proteins
(29-31) and the nucleotide binding motif of kinesins (32,
33) were conserved in the motor domain. Lake other kine-
sin-related proteins, this gene product is capable of binding

B
MSGASVKVAVRVRPFNSRETSKESKCIIQMQGNSTSIINPKNPKEAPKSFSFDYSYWSHT
SPEDPCFASQSRVYNDIGKEMLLHAFEGYNVCIFAYGQTGAGKSYTMMGKQEESQAGIIP
QLCEELFEKINDNCNEDMSYSVEVSYMEIYCERVRDLLNPKNKGNLRVREHPLLGPYVED
LSKLAVTSYTDIADLMDAGNKARTVAATNMNETSSRSHAVFTIVFTQKKQDPETNLSTEK
VSKISI.VDLAGSERADSTGAKGTRLKEGANINKSLTTLGKVISALAEVDNCTSKSKKKKK

TRVGOADAERRQDIVLSGAHIKEEHCIFRSERNNTGEVIVTLEPC
isRStlYvNGKHvAHPVOLRSGHRIIMGKHHVFRFHHPEOARAEREKTPSAETPSEPVDWT
FAQRELLEKQGIDMKQEMEKRLQEMEILYKREKEEADLLLEQQRLDYESKLQALQKQVET
RSLAAETTEEEEEEEEVPWTQHEFELAQWAFRKWKSHQFTSLRDLLWGNAVYLKEANAIS
VELKKKVQFQFVLLTDTLYSPVPPELLPTEMGKTHEDRPFPRTWAVEVQDLKNGATHYW
SLDKLKQRLDLMREMYDRAGEVGSNAQDDSETTMTGSDPFYDRFHWFKLVGSSPIFHGCV
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DYGSGIRQSGTAKISFDNEYFNQSDFPSAAMTRSGLSLEELRIVEGQGQSSEVISPPEEV
NRMNDLDLKSGTLLDGKMVMEGFSEEIGNHLKLGSAFTFRVTVLQASGILPEYADIFCQF
NFLHRHDEAFSTEPLKNNGRGSPLGFYHVQNIAVEVTESFVDYIKTKPIVFEVFGHYQQH
PLHLQGQELNSPPQPSRRFFPPPMPLSRPVFATKLNTMNKTSLGQSMSKYDLLVWFEISE
LEPTGEYIPAWDHTAGLPCQGTFLLHQGIQRRITVTIIHEKGSELHWKDVRELWGRIR
NKPEVDEAAVDAILSLNIISAKSLKSSHSSSRTFYRFEAVWDSSLHNSLLLNRVTPYGEK
IYMTLSAYLELDHCIQPAVITKDVCMVFYSRDAKISPPRSLRNLFGSGYSKSPDSNRVTG
IYELSLCKMADTGSPGMQRRRRKVLDTSVAYVRGEENLAGWRPRGDSLILEHQWELEKLE
LLHEVEKTRHFLLLRERLGDSIPKSMSDSLSPSLSSGTLSTSTSISSQISTTTFESAITP
SESSGYDSADIESLVDREKELATKCLQLLTHTFNREFSQVHGSISDCKLSDISPIGRDPS
VSSFSSSTLTPSSTCPSLVDSRSSSMDQKTPEANSRASSPCQEFEQFQIIPTVETPYLAR
AGKNEFLHLVPDIEEVRAGSVVSKKGYLHFKEPLSSNWAKHFVWRRPYVF1YNSDKDPV
ERGIINLSTAQVEYSEDOOAMLKTPNTFAVCTKHRGVIJ.QALNDKDMNDWLYAFMPLLAG
TIRSKLSRRCPSQPKY 1816
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Fig. 1. Sequence and domain structure of rat
KIF1BB2. (A) The amino acid sequence of rat KTF1BP2.
The CHP-binding domain, and insertions of 6 and 40
amino acids in length are inverted and underlined, re-
spectively. The FHA and PH domains are double-under-
lined. (B) Harr plot analyses of rat KTFlBfl2 (horizontal)
compared with mouse KIFlBa and KIFIA (vertical). The
intensities of the slanting bars correspond to the degrees
of similarity between two proteins. (C) Domain struc-
tures of KIF1BP2, KIFIA, and KIFlBa. Regions similar
in KIFIA and KIFlBa are indicated by gray and closed
bars, respectively. The 6 and 40 amino acid insertions in
KIFlBf)2 are indicated by stripes. The motor and CHP
binding (CBD) domains are also indicated.
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to microtubules in vitro (data not shown). The CHP-binding
region (Thr-301-Gly-554) is located at the carboxyl-termi-
nal end of the motor domain (Fig. 1C). Close to the motor
domain, the sequence contains a forkhead-associated
(FHA) domain (Thr-556-Gly-627, Fig. 1A), which is also
found in the other kinesins belonging to the KTFl/UnclO4
family (34). The carboxyl-terminal region (aa 707-1816)
exhibits significantly high homology to that of KIF1A (63%
identity) rather than that of KIFlBa (11% identity) (Fig. 1,
B and C). The pleckstrin homology (PH) domain (35) found
in the C-terminal tail domain of KIF1A (Val-1581-Gln-
1674), and proteins involved in cellular signalling such as
phospholipase Oy (36-38) and Bruton's tyrosine kinase
(39, 40) was conserved in the deduced sequence (Val-1702-
Gln-1795, Fig. 1A). We designated this molecule as
KIF1BP2 to distinguish it from KIFlBa and MFlBp.

Interaction of CHP with KIF1 Proteins—To confirm the
interaction between KEFlBp2 and CHP, ire vitro association
was examined using recombinant proteins. A bacterially
expressed CHP was incubated with MBP (maltose binding
protein)-fusion proteins of rat KIFlBp2 (aa 301-654) with
or without the 40 amino acid insertion, mouse KTFlA (aa
301-514), or rat KIF1C (aa 294-518) in the presence and
absence of Ca2+. The proteins recovered on affinity binding
of MBP to amylose-resin were analyzed by SDS-PAGE (Fig.
2A). CHP specifically associated with KIF1BP2 in the pres-
ence of Ca2+, but not with KIF1A or KTF1C. Interestingly,
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Fig. 2. Interaction of CHP with KIF1B proteins. (A) In vitro in-
teraction of CHP with KIF1 family proteina The recombinant CHP
(10 jig) was incubated with KTF1 -family proteins fused with MBP or
MBP (5 fjLg) immobilized amylose-resin. After washing, the proteins
were subjected to gel electrophoresis, followed by atoning with Coo-
massie Brilliant Blue The regions of KTFl-family proteins used
were: mouse KIF1A (aa 295-508), rat KTF1BP2 and KIF1B (aa 301-
554), and rat KIF1C (aa 294-518). The insertion of 40 amino acids in
length is deleted in MBP-KEF1B. (B) Two-hybrid analysis of the in-
teraction of CHP with KTFlBp2. The entire length of CHP was fused
with the DNA binding domain of Gal4p, and the regions of KIFlBp2
indicated by bars were fused with the activation domain of Gal4p.
The results of ^-galactosidase assaying are shown as plus or minus
symbols.

the 40 amino acid insertion was dispensable for the interac-
tion, indicating that CHP is capable of interacting with
KIFlBs (Fig. 2, A and B). AT-Myristoylated CHP, bacterially
co-expressed with myristoyl CoA:protein iV-myristoyltrans-
ferase, showed the ability to interact with KTF1BP2 and
KEFlBs, but not with KEF1A or KIF1C (data not shown).
Deletion of 61 and 32 amino acid residues from the N- and
C-terminal ends, respectively, prevented the interaction
with CHP, as observed on two-hybrid analysis (Fig. 2B),
suggesting that the entire length of this region is essential
for the interaction.

Tissue Distribution of KIFlBp2—V?e examined the tis-
sue distribution of KTFlBp2 transcripts by Northern blot-
ting, using a probe corresponding to a C-terminal region
(3074-3759 nt from the initiation codon) to distinguish
KIF1BP2 transcripts from KIFlBa and KIF1A A tran-
script (>10 kb) was detected in all rat tissues examined, but
was significantly abundant in brain (Fig. 3).

Immunoblotting analysis with antibodies against the
CHP-binding domain of KEF1B(J2 revealed two bands cor-
responding to 200 and 190 kDa, with the highest expres-
sion in brain (Fig. 4A), in which KEF1BP2 was found in all
sub-regions in the nervous system examined (Fig. 4B).
Lower expression of the 190 kDa form was found in liver
and testis (Fig. 4A). The 200 and 190 kDa forms would be
splicing isoforms varying in the 40 amino acid insertion,
since antibodies against the 40 amino acid insertion (394-
433 aa) of KIF1BP2 only detected the 200 kDa protein in a
brain lysate (Fig. 4D). The specificity of the antibodies on
Western blotting was confirmed by means of competition
analysis using the antigenic recombinant KtFlBp2 protein
(data not shown), and immunobloting analysis using NB-1
cells (41), a human embryonic neurocarcinoma cell line,
lacking the KEF1B locus on chromosome Ip36.2-p36.3 (Fig.
4, C and D). The tissue distribution of the 190 kDa isoform
is considerably different from that in mouse, in which the
190 kDa protein is ubiquitously expressed except in brain
(28). The expression of KIFlBp2 is restricted to specific tis-
sues, especially brain. We examined the expression of
KTF1BP2 in cultured rat hippocampal neurons and mouse
neuroblastma cells, Neuro2A The two forms, 200 and 190
kDa, were predominantly detected in both rat and mouse
cells, and were expressed significantly more (>10-fold) than
the 130 kD isoform, KIFlBa (Fig. 4C).

Association of KIF1B/32 with Synoptic Transport Vesi-
cles—We observed the intracellular localization of KEF1BP2
on immunochemical staining. The antibody against
KIF1BP2 stained numerous small compartments in cul-
tured rat hippocampal neurons. They were abundant in the
perinuclear region and distributed in the neurites (Fig. 5A).

2 •£ :=
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^ — — ^£

QJ r* -— c 3 1"1
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GAPDH 0 ^•*"9«*W

Fig. 3. Tissue distribution of the KIFlBp2 transcript. Total
RNAs (20 jig) from various rat tissues were processed for Northern
blotting using a probe corresponding to the C-terminal tail domain
of KIF1BP2 (3074-3759 nt from the initiation codon). GAPDH was
used as an internal control.
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Most of the KIFlBp2-containing compartments were also
stained by antibodies against synaptophysin, a marker pro-
tein for synaptic transport vesicles (42-46) (Fig. 5, D-F). In
contrast, essentially no staining of mitochondria by the
anti-KIFlBp2 antibody was observed in cultured hippoc-
ampal neurons, whereas KIF1B was shown to be associ-
ated with mitochondria (Fig. 5, G and H). These results of
immunofluorescence staining are well-consistent with
those on pull-down assaying and electron microscopic ob-
servation (28), in which 10% of total KEFlBp is associated
with synaptic vesicles in mouse brain. Immunofluorescence
labelling of CHP revealed only limited co-localization with
synaptophysin in the neurites (Fig. 5, I-K). The distribu-
tion of CHP is largely different from that of KIF1BP2.

The association of KIF1BP2 and CHP with the synapto-
physin-containing synaptic transport vesicles was exam-
ined by subcellular fractionation analysis involving iso-
pycnic sucrose density centrifugation in the range of 0.1 to
1.5 M sucrose. The postnuclear supernatant of the rat brain
homogenate was spun at 100,000 xg, and the resulting pel-
let was resolved in a 0.1-1.5 M discontinuous sucrose gra-
dient by 170,000 xg centrifugation. The fractions obtained
were subjected to immunoblotting for KEF1BP2, CHP, syn-
aptophysin, Golgi and ER markers, GM130 and calnexin,
respectively. Portions (-25%) of KIF1BP2 and synapto-
physin were co-fractionated into 9-11 fractions with a den-
sity of 1.107-1.137 g/ml, which is slightly but clearly differ-
ent from in the cases of GM130 and calnexin (Fig. 6). These
results confirm the association of KTFlBp2 with synaptic
vesicles suggested by our immunofluorescence staining and
the Nycodenz gradient flotation assay by Zhao et al. (28).
CHP (29% of total) was fractionated in lower density frac-
tions (fractions 8-10) than_KEFlB(321 and synaptophysin,

Fig. 4. Distribution of the KIF1B02 protein in
tissues and cell lygateg. (A, j ) Total proteins

"from rat tissues (A) and brain subtissues (B) were
subjected to SDS-PAGE, followed by Western blot-
ting using affinity-purified antibodies against the
CHP-binding domain (CBD) of KTFlBp2. (C, D)
Lysates of cultured rat hippocampal neurons,
Neuro2A, NB-1 cells, and rat whole brain were
analyzed by Western blotting using KIF1B(J2 an-
tibodies against CBD (C) or the 40 amino acid in-
sertion (D).

where the ER marker, calnexin, was fractionated. Consis-
tently, a portion of CHP was observed to be co-localized
with calnexin on immunofluorescence microscopy (data not
shown). Only a small portion of CHP may co-function with
KIFIBP2, or CHP may interact with KEF1BP2 not localized
to the synaptophysin-containing vesicles.

DISCUSSION

In this study, we identified a kinesin-related protein,
KTFlBp2, by screening for the possible catalytic subunit of
CHP, a protein homologous to calcineurin B. As observed on
immunofluorescence microscopy and subcellular fraction-
ation, KTF1BP2 is associated with synaptic vesicles in neu-
rons. The overall intracellular distribution of the binding
protein CHP is largely different from that of KIFlBp2, sug-
gesting the dynamic and/or transient interaction between
these molecules in the cell. Although evaluation of the
physiological relevance of the association of CHP with
KIFIBP2 and KTFlBs is still in progress, the association of
kinesin-related motor proteins with a Ca2+-binding protein,
CHP, is a novel and important finding, and may provide
new insights into the regulation of kinesin-related molecu-
lar motors.

Over 30 members of the kdnesin family which possess a
motor domain in the N-terminus, have been identified and
classified into eight subgroups based on their primary
sequences (9). KIFIBP2 belongs to the KTFl/UnclO4 sub-
group, and has a chimeric structure comprising KIF1B and
KTF1A as the N- and C-halves, respectively. Since the C-
terminal tail domain of kinesin-related proteins plays a key
role in the recognition and binding of their cargo, KEF1BP2
is expected to have functions physiologically different from
those of KIFlBa. Immunochemical and subcellular frac-
tionation analyses showed that KTFIBp2 is associated with
synaptic transport vesicles in neurons. This observation
suggests that KIF1B(32 is involved in the transport of the
synaptic vesicles to the plus ends of microtubules at nerve
terminals. Recently, Zhao et al. (28) reported mouse
KLFlBp, which is localized to the synaptic vesicles. The
deletion of the genes encoding KIFlBs causes a defect in
the transport of synaptic vesicle proteins to the distal
region in the axon, suggesting a transporting function of
KIFlBp to the nerve terminal. The results we obtained on
immunocytochemical and cell fractionation analyses are
well consistent with their immunoelectron microsopic and
immunopurification analyses results. KTFLA is known to

VoL 132, No. 3,2002

 at Islam
ic A

zad U
niversity on Septem

ber 29, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


488 N. Nakamura et al.

Fig. 5. Intracellular localization of K1F1B02 in neurons. Cultured
rat hippocampal neurons were fixed, permeabOized, and stained with
KIF1BP2 (A, D, G, H) and CHP (I) antibodies, followed by incubation
with Alexa488-labeled anti-rabbit IgG before processing for fluores-
cence microscopy. The cells were counter-stained with anti-synapto-

physin antibodies, and visualized with Alexa546-labeled anti-mouse
IgG (B, E, J) and MitoTracker Red (G, H). The signals were merged:
C, for A and B; F, for D and E; K, for I and J. The region indicated by
an open square in C is magnified in D—F. Arrows in D—F indicate the
regions of co-localization. Bars indicate 10 jun (A, G, I) and 5 (jjn (D).
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Fig. 6. Association of KEFlBfU! with synaptophysin-containing
synaptic transport vesicles. The postnuclear supernatant of a rat
brain lysate was centarifuged at 100,000 xg for 30 min, and the re-
sulting membrane fraction was laid at the bottom of a discontinuous
sucrose gradient. After centrifugation at 170,000 xg for 24 h, frac-
tions were collected from the top of gradient, and then subjected to
Western blotting with anti-KIFlBp2, CHP, synaptophysin, GM130,
or calnexin antibodies. The density (g/ml) of each fraction is indi-
cated at the bottom.

participate in the synaptic vesicle transport (11), whereas
CHP interacts specifically with KIFlBp2, but not with
KEF1A. It would be of great interest to determine whether
and how these two KTF1 motors are distinctively regulated
in synaptic vesicle transport, and whether CHP is involved
in the specific regulation.

The pleckstrin homology (PH) domain is found at the C-
terminus of KEFlBp2. This sequence is conserved in KEF1A
and a variety of signalling proteins peripherally associated
with cellular membranes (.47-49). Crystal structure analy-
sis of the PH domain showed that it comprises one a-helix
and seven p-sheets forming a p-sandwich structure, in
which the positively charged face binds to the head groups
of phosphoinositide lipids. This binding allows the PH
domain to act as an anchor that recruits and tethers the
molecule to the cellular membrane (35). The amino acid
residues forming hydrogen bonds with inositol-phosphate
ligands are well conserved in the PH domain of KEF1BP2.
Thus, the PH domain of KTFLBP2 may be involved in the
interaction with the membrane lipids of synaptic vesicles.

CHP interacts with the region adjacent to the motor
domains of KTFLBp2 and KEF1B in a calcium-dependent
manner. This is the first observation of the possible involve-
ment of a Ca2+-binding protein and its functional interac-
tion with Mnesin-related motor proteins in mammals.
Calmodulin, an EF-hand Ca2+-binding protein, is known to
interact with myosins (50, 51). This protein tightly associ-
ates with the neck region of myosins connecting the motor
head and tail domain. The precise role of this association
remains controversial, but it is suggested that calmodulin
mediates the regulation of ATPase activity and motdlity on
actin filaments of myosin by calcium. Similar to the roles of
calmodulin in the myosin function, CHP may participate in
regulation of the motor function of the KEF1BP2 and KIFB
proteins. We do not have direct evidence that CHP regu-
lates KEF1B motor activity, because an active recombinant
KEF IB protein has not been obtained using bacterial and
insect expression systems. However, the recombinant CHP
does not affect on the binding ability of rat brain KIFip2 as

to taxol-treated rat brain microtubules (our unpublished
data). Although CHP is capable of interacting with both
KIFIBP2 and KIFlBTn vitro,^viryllttle association of CHP
with synaptic vesicles and mitochondria was observed on
microscopy and subcellular fractionation analysis. Changes
in the intracellular calcium concentration due to calcium
ionophore, which would affect the interaction of these pro-
teins, did not alter the subcellular distribution of KTFlBs
and CHP (data not shown). Together with these observa-
tions, we did not detect a stable complex of CHP and
KEFlBp2 in a rat brain lysate on co-immunoprecipitation
analysis (data not shown). These results suggest that CHP
interacts with KTFIB proteins transiently or under limited
conditions in viva Further biochemical analyses are neces-
sary to obtain clues as to the calcium regulation of KEF1B
motor proteins.

The CHP-binding domains of KIFlBs, NHE1 (19), and
DRAK2 (17) show only limited similarity- the domain of rat
KIF1BP2 (aa 301-554) exhibits 16 and 12% identity with
those of human NHE1 (aa 510-540) and rat DRAK2 (aa
227-293), respectively, and the domain of NHE1 is 3%
identical to that of DRAK2, suggesting that the determi-
nant of recognition and/or binding is their three-dimen-
sional structures. Calcineurin B is known to interact with
the domain forming the a-helix in the calcineurin A sub-
unit, as judged on crystallography (52, 53). The CHP-bind-
ing domains of these proteins have different lengths, from
30 to 214 amino acids, but have been predicted to form an
a-helix consisting of amphiphilic clusters of charged and
hydorophobic residues with the Chou-Fasman algorithm
(54). These a-helical structures may be important for the
interaction with CHP.

Finally, it is noteworthy that CHP interacts with multi-
ple proteins including KIF1BP2 and KIF1B, NaVH+ ex-
changers (17, 19), apoptosis-inducing protein kinase (17),
calcineurin complex (16), NFAT transcriptional regulatory
factor (16), and the microtubule cytoskeleton (55). These
proteins seem to have diverse functions however, suggest-
ing a novel calcium regulation mechanism integrated by
CHP. Further studies on the CHP function would provide
new insights into the molecular mechanism of intracellular
regulation by calcium.
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