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+.bstract Kinesin Superfamily Protein 1A (KIF1A) is an
¢ nterograde monomeric motor transporting a subset of
s ynaptic vesicle precursors and plays an important role in
1 euronal function and survival. Here, I have used the yeast
t vo-hybrid system to identify the proteins that interacts with
t e tail region of KIF1A. Calmodulin was found to interact
s secifically with the tail region of KIF1A. Calmodulin reg-
1 lates many diverse cellular functions by modulating the
¢ ctivity of the proteins that interact with it. KIF1A interacts
v-ith calmodulin in the yeast two-hybrid assay, which is
troved by immunoprecipitation with calmodulin in brain
t action. These results indicate that KIF1A is associated
v-ith calmodulin, suggesting that calmodulin may be a key
role in the regulation of anterograde transport of synaptic
\ 2sicle precursors.

}.ey words: Kinesin, Calmodulin, Yeast Two-hybrid, Pull
¢own, Binding protein

Introduction

{everal recent studies demonstrated the elevation of cyt-
¢ solic calcium by various hormonal and physical signals [1].
Icreased cytosolic calcium is believed to control bio-
¢ iemical and molecular processes by modulating the activ-
iy of specific protein either directly or through calmodulin
[ !]. Calmodulin, a highly conserved multifunctional calcium-
¢ 2pendent protein, is implicated in many calcium-dependent
¢ :llular processes in cells [1,2]. Calmodulin action in reg-
i lating biochemical and molecular event and ultimately
1 hysiological processes involves its interaction with calmod-
i lin-binding proteins. The effect of this interaction usually
r:sults in regulation of enzymatic activity of the binding
t roteins [3,4].

I itracellular organelle transport is essential for morpho-
¢ :nesis and function of the cell. Cells employ microtubule
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motors for intracellular organelle transport. Kinesin super-
family proteins (KIFs) have been identified as the major
molecular motor of microtubule-based intracellular transport
[5-9]. Each member of the KIFs consists of a globular head
domain and tail domain typically. The motor head domain,
which is conserved among KIFs, binds to microtubules and
hydrolyzes ATP to obtain the energy needed to move toward
either the plus or minus end of the microtubules [6]. In
contrast, the tail domains are greatly divergent among KIFs
and are involved in specific association with their cargoes
via adapter proteins. Among these KIFs, KIFI1A is a plus-
end directed monomeric neuron- specific motor protein. The
gene encoding KIF1A was originally discovered as the gene
underlying a paralyzed mutant (unc104) in worms [10] and
later cloned from mouse [11,12]. In worms and mice, this
kinesin plays a similar role in transporting synaptic vesicle
precursors from the cell body to the nerve terminal. Further
biochemical analysis reveals that KIF1A binds to a synaptic
vesicle precursor compartment [11]. To understand how
KIF1A links to particular cargoes, and deciphering the
regulatory mechanisms for membrane transport remains as
major unsolved research questions.

I report that KIF1A interacts with calmodulin in the yeast
two-hybrid and coimmunoprecipitated with calmodulin in
brain fractions. The interaction of the KIF1A and calmod-
ulin suggest that calmodulin may role as a regulatory protein
for synaptic vesicle precursors transport.

Materials and Methods

Construction of c¢DNA libraries for yeast two-
hybrid screening

Mouse total brain RNA was prepared from 5 day-old ICR
pups using the Total RNA Separator Kit (Clontech), fol-
lowed by isolation of mRNA from this preparation with the
aid of the mRNA Separator Kit (Clontech). Then, cDNA
libraries were prepared using the SuperScript Choice System
(GibcoBRL) with random hexamer primers. The cDNA
library was ligated with EcoRI/Notl/Sall adaptors and in-
serted into the pB42AD vector (Clontech). I transformed
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ElectroMAX DHI0B cells (GibcoBRL) with this construc-
tion and in turn obtained 6x10° independent clones. Finally,
the plasmids were purified using the QUIAGEN Plasmid
Kit. General récombinant DNA techniques were performed
according to standard protocols [13].

Screening of KIF1A-binding proteins by yeast two-
hybrid assay

A Matchmaker LexA two-hybrid system was used for the
screening according to the Manufacturer,s manual (Clontech).
In brief, a part of the KIFIA gene [amino acid (a.a.) 400-
1696] was fused to the DNA-BD region of the pLexA vector
(Clontech) by the PCR method. Then the plasmid was
cotransfected with brain ¢cDNA library plasmids into the
yeast strain EGY48 carrying the p8op-lacZ gene, grown on
an SD/-His/-Trp/-Ura plate supplemented with glucose.
Selection of positive clones was performed on a SD/-His/
-Trp/-Ura/-Leu plate containing galactose/raffinose/X-gal/
BU salts. Subsequent to these procedures, the bait plasmids
were recovered from the positive clones to confirm whether
the observed interaction was genuine, by retransformation
into the yeast. I repeated these procedures several times and
analyzed their sequences for which interaction was repro-
ducibly ascertained.

B-galactosidase activity in liquid cultures of yeast

The B-galactosidase activity in liquid cultures of yeast was
assayed as described previously [12]. In brief, mid-log phase
yeast cells were collected and permeabilized with 0.1%
sodium dodecyl sulphate (SDS) and chloroform. The chro-
mogenic substrate o-nitrophenyl-D-galactoside was added in
excess to this lysate, and after incubation at 30°C, the
reaction was stopped by increasing the pH to 11, by the
addition of 1 M Na,COs;. The OD at 420 nm, which
corresponds to the absorbance by the reaction product, o-
nitrophenol, was determined by spectrophotometry and nor-
malized to the reaction time and the cell density.

Subcellular Fractionstion and Coimmunoprecipi-
tation

Subcellular fractionation was performed as described pre-
viously [14]. A mouse brain was homogenized in ice-cold
homogenization buffer (0.32 M sucrose, 4 mM HEPES, pH
7.3) supplemented with protease inhibitors. The homogenate
was classified to P1 fraction by using centrifugation once
at 900 xg and once at 1000 xg for 10 min, respectively.
The supernatant was centrifuged at 12,000 xg for 15 min,
the resulting supernatant was saved (S2). For immunopre-
cipitation experiment on the S2 fraction, samples were
diluted in the same volume of 2 xbinding buffer (50 mM
HEPES, 240 mM KCl, 2 mg/ml BSA, 0.2% TX-100, pH
7.4) and incubated with anti-calmodulin antibody, or guinea
pig IgG for 2 hrs at 4°C, followed by precipitation with
protein A Sepharose (Amersham Pharmacia). Binding buffer

(1 x) was used to washing the beads five times. The pre-
cipitates were analyzed by immunoblotting with antibodies
against KIF1A antibody.

GST Pull Down with Calmodulin

GST-calmodulin was expressed in E. coli BL21 GOLD
(Stratagen). GST pull down was performed as earlier de-
scribed [14].

Results and Discussion

Identification of KIF1A interacting proteins by yeast
two-hybrid screening

KIFIA is a plus-end-directed monomeric neuron-specific
motor protein and is used for anterograde transport of sy-
naptic vesicle precursors [11]. To identify binding partners
of the KIF1A tail, we have screened mouse brain ¢cDNA
library using the KIFI1A as bait. Out of screen of 6x10°
colonies, we obtained 30 positive clones which were cDNA
fragments containing full length of calmodulin (27 identical
clones) and 14-3-3 (1 clone). Analysis of the other colonies
is under way to determine the in vivo relevance of their
affinity for KIF1A.

KIF1A motor interacts with the calmodulin mol-
ecule

The ‘molecular structures of KIF1A have been extensively
studied [7,9,15]. KIF1A is composed of three domains:
motor, putative coiled-coil, PH domains. The motor domain
interacts with microtubule. The PH domain can interact with
native vesicles and PtdIns(4,5)P2-containing liposomes. To
identify the binding domain of calmodulin with KIFIA tail
domain, I constructed a series of deletion mutants of the
KIF1A to determine the minimal binding domain to the
calmodulin molecule (Fig. 1). The minimal domain required
for binding was located in the coiled-coil region of KIFIA.
In addition, I quantified the binding affinity of calmodulin
to KIF1A by measuring [B-galactosidase activity in liquid
cultures of the yeast. The interaction of KIF1A with cal-
modulin was the 180 U. This binding was sufficiently strong
to mediate sorting in vivo. Thus, the coiled-coil domain (aa,
400-700) of KIF1A is responsible for the interaction with
calmodulin. Furthermore, the tails of KIF1B (830 to end),
KIF5A (806 and end), KIF5B (808 to end), KIFSC (930
to and) and KIF17 (939 to end) were tested for calmodulin
binding (Fig. 2). Only that of KIF1A bound with calmod-
ulin.

KIF1A is associated with calmodulin in vitro and
in vivo

To demonstrate the interaction between KIF1A and cal-
modulin, I did pull down assay using a GST fusion protein
containing the tail region of KIF1A. The result was that
KIF1A was bound to calmodulin. However, KIF17, known
to interact with mLin-2 and NMDA receptor was not bound
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1 Motor KIF1A 1696 a.a. Interaction with
Calmodulin
1 211 (400 - 1696) 4+
| 212 (666 - 1696) 4
| 213 (700 - 1696) —
| 214 {400 ~ 1300) 44
| 215 (400 - 820) _— ++
| 216 (400 - 700) —— ++

Fiz. 1. Identification of KIFIA interacting protein by yeast
tv o-hybrid screening.

Si¢ different deletion constructs of KIF1A cDNA were tested
fz - their interaction ability with calmodulin. The number in the
b1 icket of each deletion mutant indicates the amino acid number
ct KIF1A. Calmodulin and KIF1A deletion constructs were
cciransformed into yeasts. The minimal required domain
(4)0-700) showed strongest binding affinity (indicated by +++,
tcund to KIFIA and calmodulin; -, not bound to KIFIA and
cz modulin).

Bait Calmodulin

Prey

KIF1A t+
KIF1B -
KIF2 -
KIF3A -
KIF3B -
KIFSA -
KIF5B -
KIFSC -
KIF17 -

Fi s 2. Interaction between KIFs and calmodulin.

T1 & amino acid residues of KIFs were fused to the pLexA DNA
bi iding domain. Calmodulin specifically interacted with KIF1A
bi I not KIF1B, KIF2, KIF3A, KIF3B, KIF5A, KIF5B, KIF5C
ar 1 KIF17 (indicated by ++, bound to calmodulin; -, not bound
to calmodulin).

to calmodulin (Fig. 3). The result is also confirmed by the
yeast two-hybrid assay. I further investigated the specificity
ci the binding between KIF1A and calmodulin in neurons.
Ci Imodulin was coimmunoprecipitated with KIF1A anti-
body, but not with the IgG (Fig. 4). Thus, suggesting that
a calmodulin is the specific binding partner of KIF1A in
vivo.

Blot: KIF1A
KIF17
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Fig. 3. Association of KIF1A with calmodulin in pull down
assay.

Proteins in the mouse brain lysate were pulled down by GST
fusion protein containing the calmodulin. Elution fractions were
resolved by SDS-PAGE, and Western blotting was performed
using KIFIA antibody. Camodulin specifically pulled down with
KIF1A, but not with KIF17.
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Fig. 4. Coimmunoprecipitation with KIF1A and calmodulin in
vivo.

Lysates of the S2 fraction was immunoprecipitated with cal-
modulin antibody or guinea pig IgG (control), and the precip-
itates were immunoblotted for KIFIA.

In this study, I have isolated KIFIA binding protein, cal-
modulin. The interaction appears to occur not only in vitro
but also in vivo. The presence of a calmodulin binding do-
main and a motor domain in KIF1A suggests a role for
calcium and calmodulin in at least some of the micro-
tubule-based motor functions [16]. Work in the future to
elucidate the regulation of KIF1A motor activity for cal-
modulin will help to answer some of the questions raised
by the presence of these complexes in cells.
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