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ABSTRACT: The activity of motor proteins must be tightly regulated in the cells to prevent unnecessary
energy consumption and to maintain proper distribution of cellular components. Loading of the cargo
molecule is one likely mechanism to activate an inactive motor. Here, we report that the activity of the
kinesin-3 motor protein, GAKIN, is regulated by the direct binding of its protein cargo, human discs
large (hDlg) tumor suppressor. Recombinant GAKIN exhibits potent microtubule gliding activity but has
little microtubule-stimulated ATPase activity in solution, suggesting that it exists in an autoinhibitory
form. In vitro binding measurements revealed that defined segments of GAKIN, particularly the MAGUK
binding stalk (MBS) domain and the motor domain, mediate intramolecular interactions to confer globular
protein conformation. Direct binding of the SH3-I3-GUK module of hDlg to the MBS domain of GAKIN
activates the microtubule-stimulated ATPase activity of GAKIN by∼10-fold. We propose that the cargo-
mediated regulation of motor activity constitutes a general paradigm for the activation of kinesins.

Kinesin motors mediate the intracellular transport of cargo
molecules along microtubule tracks (1). The mechanism that
regulates the activation of kinesin motors remains an issue
of fundamental importance (2, 3). It has been reported that
the full-length conventional kinesin, kinesin-1, has very little
microtubule-stimulated ATPase activity in solution as com-
pared to its shorter motor domain constructs (4, 5). The
intramolecular interactions mediated by the motor and tail
domains keep the kinesin-1 in a compactly folded inhibitory
state (6-8). It is well-established that the mechanical
attachment of the inactive full-length motor to a glass surface
or latex beads is sufficient to transform the inactive motor
to an active state, presumably by disrupting its inhibitory
conformation (8, 9). Therefore, it is reasonable to speculate
that this mode of self-inhibition of kinesin-1 is the general
feature conserved in all kinesin-like proteins to keep their
motor activity regulated in vivo.

GAKIN/KIF13B1 (10) belongs to the kinesin-3 family. The
family also includes KIF1A/Unc104, which is responsible
for the transport of synaptic vesicles (11). Our previous
studies have identified two cargo molecules for GAKIN, the
membrane-associated guanylate kinase homologue (MAGUK)
scaffolding protein hDlg/SAP97 (12) and a PIP3 binding
protein termed PIP3BP (13). Both MAGUKs and PIP3 have

been implicated in the regulation of cell polarity pathways,
and their subcellular localization is considered to be impor-
tant for their functions in vivo. Recently, we have shown
that the transport of PIP3-containing vesicles to the distal
ends of neurites by the GAKIN-PIP3BP complex regulates
the axon-dendrite polarity determination in the hippocampal
neurons (13).

Human Dlg is an important component of cell-cell contact
sites such as epithelial adherence junctions and neuronal
synaptic membranes, where it forms a multiprotein complex
containing transmembrane receptors and cytoskeletal proteins
(14). The loss ofDrosophilaDlg disrupts epithelial apical-
basal polarity, resulting in the tumorlike overgrowth in
imaginal discs (15). MAGUK proteins are also implicated
in the transport of multiprotein complexes to specialized sites.
For example, SAP97, the rat orthologue of hDlg regulates
the transport of AMPA receptor complex to the synapse (16-
18). A scaffolding complex containing Lin-2, another
MAGUK, mediates the transport of the NMDA receptor (19).
These findings prompted us to investigate the regulatory
mechanism of the hDlg-GAKIN cargo-motor complex and
its role in the transport phenomenon. Here, we report that a
specific segment of hDlg encodes the activation signal for
converting an inactive GAKIN to an active motor in vitro.
To our knowledge, this is the first demonstration of the
regulation of a kinesin motor by direct interaction of its
natural cargo using in vitro measurements of purified
components.

EXPERIMENTAL PROCEDURES

Tissue Culture and Transfections.HEK293T cells were
maintained in Dulbecco’s modified Eagle’s medium (DMEM)
(Invitrogen) supplemented with 10% fetal calf serum (FCS)
(Hyclone). DNA transfection was performed by the calcium
phosphate method.
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Plasmids.GFP-motor2 (1-486) and GFP-motor-FHA (1-
557) of GAKIN are in pEGFP-C1 (Clonetech). His-stalk1
(487-989) is in pRSET-A (Invitrogen). S-motor1 (1-368),
S-MBS (607-831), S-stalk2 (607-989), S-stalk3 (746-
989), S-FHA (423-557), and S-CT (1414-1826) of GAKIN
are in pET32a (Novagen). GST-motor2 (1-486), GST-CT
(1414-1826) of GAKIN and GST-SH3-I2-GUK, GST-SH3-
I3-GUK, GST-I3-GUK, GST-GUK of hDlg, and GST-PIP3-
BP are in pGEX2T (Amersham Biosciences/GE Healthcare).
GST-SH3-GUK of PSD-95 is a gift from Drs. O. Olsen and
D. Bredt (20).

Recombinant Protein Expression in Bacteria.GST fusion
proteins were expressed in DH5R and purified using glu-
tathione Sepharose 4B (Pharmacia). His tag proteins, S-
motor, S-FHA, and S-CT were expressed in BL21 (DE3)
(Stratagene) and purified using Ni-NTA agarose (Invitrogen).
S-stalk2, S-stalk3, and S-MBS were purified under denatur-
ing conditions and renatured by dialysis as described
previously (12) except for modification of lysis buffer (20
mM Tris-HCl, pH 7.9, 100 mM NaCl, and 6 M urea) and
dialysis buffer (100 mM Tris-HCl, pH 7.9, 10 mM EDTA,
and 0.2 ML-arginine) containing decreasing concentrations
of urea. Purification of fusion proteins containing the motor
domain was performed in the presence of 0.1 mM Mg-ATP.

Recombinant Protein Expression in Insect Cells.His-full-
length GAKIN (1-1826) and His-motor-FHA (1-557) were
expressed in Sf9 cells. Corresponding cDNAs were inserted
into pFastbac HTb, and the recombinant viruses were
prepared using the Bac-to-Bac baculovirus expression system
(Invitrogen). Sf9 cells were maintained in SF-900 II SFM
(Invitrogen) at 27°C. Fourty-eight hours after the infection
of the recombinant virus, the Sf9 cells were lysed by
sonication at 4°C in the purification buffer (10 mM PIPES-
KOH, pH 6.9, 1 mM MgCl2, 1 mM EGTA-KOH, 10%
glycerol, and 0.1 mM Mg-ATP). Protein purification from
the cleared lysate was performed by single-step Ni2+ affinity
purification using Ni-NTA agarose (Invitrogen).

In Vitro Binding Assays.For S-resin pull-down experi-
ments from the cell lysate, 293T cells expressing GFP-motor
or GFP-motor-FHA were lysed in the lysis buffer (PBS
supplemented with 0.1% Triton-X100). S-GAKIN fusion
proteins immobilized on S-protein agarose resin (Novagen)
were incubated with cleared lysate for 4 h at 4°C, and the
beads were recovered and washed by centrifugation. GFP-
fused proteins recovered with the beads were detected by
Western blot using anti-GFP pAb (Invitrogen). For the direct
binding assay of GST fusion proteins with S-tag proteins,
purified GST fusion proteins were incubated with S-GAKIN
fusion proteins immobilized on S-protein agarose resin in
the lysis buffer, and the beads were recovered by centrifuga-
tion. Recovered GST fusion proteins were detected by anti-
GST pAb (Santa Cruz). A pull-down assay from the rabbit
reticulocyte lysate expressing the35S-labeled protein was
performed as described before (12).

Microtubule-Stimulated ATPase Assay.Tubulin was pre-
pared from porcine brain, and paclitaxel-stabilized micro-
tubules were prepared (21). MT-stimulated ATPase activity
was measured as described previously (22). Briefly, full-
length GAKIN (50 nM) was mixed with MTs (1µM,
otherwise indicated) in A25 buffer (25 mM ACES-KOH,
pH 6.9, 2.0 mM magnesium acetate, 2.0 mM EGTA, 0.1
mM EDTA) supplemented with 8.0µM paclitaxel, 1.0 mM

ATP, 10 µg/mL pyruvate kinase, and 2.0 mM phospho-
enolpyruvate followed by incubation at 25°C. Aliquots of
20 µL were taken out at defined time intervals, and the
amount of Pi was determined using the malachite-green
method. To test the effect of GAKIN binding proteins,
purified GST fusion proteins were added to the ATPase assay
reaction. The total protein concentration in the reaction was
adjusted to 250µg/mL by adding the appropriate amount of
BSA. The concentration of the proteins used in the assay
was measured by the Bradford method (BioRad) using BSA
as a standard.

Microtubule Gliding Assay.Microtubule gliding assay
using fluorescently labeled paclitaxel-stabilized microtubules

FIGURE 1: Autoinhibition of full-length GAKIN protein. (A)
Expression and purification of GAKIN. Motor-FHA and full-length
(FL) GAKIN recombinant proteins were expressed in insect cells
and purified with Ni2+ affinity purification. The CBB-stained 8%
SDS-PAGE gel is shown. (B) Microtubule-stimulated ATPase
activity of recombinant GAKIN proteins. Motor-FHA and/or FL-
GAKIN was incubated with or without 2.5µM microtubules and
1.0 mM Mg-ATP. ATPase activity was determined by measuring
phosphate release by the malachite green method. (C) Microtubule-
stimulated ATPase activity of motor-FHA and FL-GAKIN as a
function of the microtubule concentration. (D) Chemical cross-
linking of full-length GAKIN. Full-length GAKIN was incubated
with or without cross-linker and separated in a 4% SDS-PAGE
gel. (E) Microtubule gliding activity of FL-GAKIN. Movement of
the fluorescently labeled paclitaxel-stabilized microtubules was
recorded, and their velocity distribution is shown in the histogram.
The scale bar represents 5µm.
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was done as described (13). To test the effect of SH3-GUK,
full-length GAKIN was incubated with or without SH3-I2-
GUK or SH3-I3-GUK (in an amount 4 times that of GAKIN)
and coated on the glass surface.

Dimerization Assay.Dimerization assay using cross-linker
O-phenanthroline was performed as described (23, 24). To
test the effect of SH3-GUK, full-length GAKIN was
incubated with or without SH3-I2-GUK or SH3-I3-GUK (in
an amount 4 times that of GAKIN) and incubated with 10
µM CuSO4 and 50µM O-phenanthroline at room temperature
for 1 h. Cross-linking reaction was terminated by the addition
of 2 mM EDTA. The samples were loaded into a 4% SDS-
PAGE gel without DTT orâ-mercaptoethanol.

RESULTS AND DISCUSSION

Recombinant GAKIN Is an Autoinhibited Motor in Solu-
tion. We expressed a kinesin-3 protein, human GAKIN/
KIF13B, to characterize its biochemical and inhibitory
properties. Full-length GAKIN, and its truncated form,
motor-FHA domain, were expressed in insect cells and
purified through nickel affinity chromatography (Figure 1A).
Purified motor-FHA protein exhibited microtubule-stimulated

ATPase activity in solution; however, the full-length GAKIN
showed little activity, which is about 1/10 compared to that
of the motor-FHA domain (Figure 1B). The activity of the
motor-FHA module was calculated askcat ) 4.6 S-1, K0.5(MT)

) 0.8 µM, whereas it waskcat ) 0.3 S-1 for full-length
GAKIN (Figure 1C). Generally, most processive kinesins
are known to function as dimers. To examine whether
GAKIN is a dimer or monomer in solution, recombinant full-
length GAKIN was tested by chemical cross-linking using
copper/phenanthroline (Figure 1D). The copper/phenanthro-
line induces reversible oxidation of the sulfydryl groups,
forming disulfide bonds between near neighbors in solution
(23, 24). When separated by 4% gel SDS-PAGE, cross-
linked full-length GAKIN migrated at approximately twice
the size (Figure 1D, right) of the corresponding non-cross-
linked form (Figure 1D, left), suggesting that the recombinant
GAKIN molecule is a dimer. The full-length recombinant
GAKIN is active in the microtubule gliding assay where
GAKIN is attached to the glass surface (Figure 1E). The
average velocity of GAKIN was calculated as 0.79µm/s,
which is lower than the average velocity of the motor-FHA
domain (1.66µm/s) that we reported previously (13). These

FIGURE 2: Intramolecular interactions mediated by the MBS domain of GAKIN. (A) Coiled-coil probability and schematic representation
of GAKIN-truncated constructs used for the binding assay. (B) Binding of the stalk1 region of GAKIN with motor and CT.35S-labeled
stalk1 was expressed in the rabbit reticulocyte lysate in vitro translation system (STP3, Novagen), and S-tag pull-down was performed with
S-motor1 or S-CT immobilized on S-protein agarose beads or plain beads as a control. Bound35S-labeled stalk1 protein was detected by
fluorography. (C) Pull-down assay from the 293T cell lysate. GFP-fused motor2 and motor-FHA were transiently expressed in 293T cells,
and S-tag pull-down was performed with control S, S-motor1, S-FHA, S-stalk2, and S-CT. Bound proteins were detected by Western blot
using anti-GFP antibody. The bottom panel shows the CBB-stained gel of the S-fusion protein used for binding. (D) Direct binding of
GST-motor2 and GST-GUK (hDlg) with Trx fusion proteins of GAKIN. Purified recombinant proteins GST-motor2 and GST-GUK (hDlg)
were used for direct binding with S, S-stalk2, S-MBS, and S-stalk3, immobilized on S-protein agarose. Bound proteins were detected by
anti-GST Western blot. (E) Direct binding of GST-CT with S-stalk2.
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results suggest that the full-length GAKIN expressed in Sf9
insect cells contains an active motor domain, but its motor
activity is inhibited presumably in the context of the full-
length molecule in solution.

Intramolecular Interactions of GAKIN.Next we examined
whether defined segments of GAKIN could participate in
intramolecular interactions. A series of constructs derived
from human GAKIN were tested for in vitro protein-protein
interactions (Figure 2A and Table 1). We found that the
recombinant S-tagged motor domain (motor1) and C-
terminus tail domain (CT), expressed in bacteria, interacted
with a segment of the stalk region (stalk1), which was
expressed using the rabbit reticulocyte lysate (Figure 2B).
The stalk1 region contains two important cargo binding
motifs. These motifs include a portion of the FHA domain,
which interacts with PIP3BP/Centaurin-R (13), and the
MAGUK binding stalk (MBS) domain, which interacts with
hDlg tumor suppressor (12). To test whether either of these
motifs mediates the intramolecular interaction with the motor
domain of GAKIN, we expressed individual S-tagged fusions
of FHA and stalk2 region, which includes the MBS domain,
and performed an S-tag pull-down experiment. The GFP-
motor2 domain was expressed in 293T cells. Binding of the
GFP-motor2 domain was detected with the MBS-containing
stalk2 construct, but not with the motor1, CT or control S
(Figure 2C) constructs. A relatively weak interaction with
the GFP-motor2 and Trx-FHA domains was also observed.
A longer construct of GFP-motor-FHA domain also inter-
acted with the stalk2, but did not interact with the FHA,
presumably because the motor-FHA domain might be self-
folded. We further narrowed the binding site for the motor
domain within stalk2. The stalk2 construct was divided into
two segments named MBS and stalk3 (Figure 2A), where
the MBS corresponds to the minimum-binding domain for
hDlg (12). The GST-motor2 domain interacts with the
S-tagged stalk2 domain and MBS domain, but not with the
stalk3 domain (Figure 2D), demonstrating that the MBS
domain of GAKIN can interact with its own motor domain
as well as with the GUK domain of hDlg. Direct interaction

between CT and stalk2 domains was also confirmed (Figure
2E). The CT domain showed an interaction with itself (Figure
2E), which might contribute to the dimerization of full-length
GAKIN (Figure 1D) since one of the coiled-coil regions
exists in the CT domain (Figure 2A). Taken together, these
results suggest that defined segments of GAKIN interact with
one another to form an intramolecular folded state, particu-
larly involving the motor and MBS domains.

Binding of a Specific Segment of hDlg ActiVates GAKIN.
The formation of intramolecular interactions of the motor
domain with the MBS domain, and its relatively weak
binding to the FHA domain, implies that the binding partners
for these domains might regulate intramolecular interactions
of GAKIN. First, we tested the effects of the FHA domain
binder, PIP3BP (13), and the MBS domain binder, hDlg (12),
on the microtubule-stimulated ATPase activity of the re-
combinant full-length GAKIN. Direct interactions of GST-
fused PIP3BP and various hDlg constructs (Figure 3A) with
GAKIN were confirmed by the in vitro pull-down assays
(Figure 3B). The results of the ATPase assay revealed that
PIP3BP had little effect on the microtubule-stimulated
ATPase activity of full-length GAKIN, whereas the SH3-
I3-GUK module of hDlg enhanced the GAKIN activity by
about 10-fold (Figure 3C). Although the GUK domain of
hDlg alone is sufficient for its interaction with GAKIN (10)
and all constructs containing the GUK domain interacted with
GAKIN (Figure 3A), the activation of GAKIN specifically
requires the entire SH3-I3-GUK region, as the shorter
constructs consisting of GUK, I3-GUK, and the alternatively
spliced isoform SH3-I2-GUK (25) did not activate GAKIN
(Figure 3C). PSD-95, a close homologue of hDlg, also had
no effect on GAKIN activation. These results suggest that
the SH3-I3-GUK module of hDlg has a specific function to
convert an inactive form of GAKIN into an active form. The
concentration of the SH3-I3-GUK module required for half-
maximal activation of GAKIN is 140 nM, which is ap-
proximately 3 times in excess of the amount of GAKIN used
in the ATPase reaction (50 nM) (Figure 3D). In the presence
of a saturating concentration of SH3-I3-GUK module (1000

Table 1: List of the Constructs Used in This Study

name boundary domains included vector ref

GAKIN
FL-GAKIN 1-1826 full length pFastBacHTb this study
motor-FHA 1-557 motor, FHA pFastBacHTb 13
GFP-motor2 1-486 motor pEGFP-C1 13
GFP-motor-FHA 1-557 motor, FHA pEGFP-C1 13
S-motor1 1-368 motor pET32a 12
S-stalk2 607-989 MBS, stalk pET32a 12
S-MBS 607-831 MBS pET32a 12
S-stalk3 746-989 stalk pET32a 12
S-FHA 423-557 FHA pET32a 13
S-CT 1414-1826 Cap-Gly pET32a 13
His-stalk1 487-989 half of FHA, MBS, stalk pRSET-A 12
GST-motor2 1-486 motor pGEX2T this study
GST-CT 1414-1826 Cap-Gly pGEX2T 10

hDlg
GST-SH3-I2-GUK 584-904 SH3, I2, GUK pGEX2T 33
GST-SH3-I3-GUK 566-926 SH3, I3, GUK pGEX2T 12
GST-I3-GUK 669-915 I3, GUK pGEX2T 10
GST-GUK 733-915 GUK pGEX2T 10
FL-I2 1-904 full length with I2 insert pGEX2T 25
FL-I3 1-926 full length with I3 insert pGEX2T 25
FL-I2 L613P 1-904 point mutation in SH3 pGEX2T this study
FL-I3 L613P 1-926 point mutation in SH3 pGEX2T this study
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nM), the microtubule-stimulated ATPase activity of full-
length GAKIN as a function of microtubule concentration
showed a pattern with akcat ) 3.2 S-1 and K0.5(MT) ) 0.4
µM that is similar to the motor-FHA domain (Figures 3E
and 1C). This result suggests that the motor domain of the
full-length GAKIN bound to the SH3-I3-GUK module
becomes accessible to microtubules at the same level as the
motor-FHA domain, indicating the full release of the motor
domain from the MBS-mediated intramolecular inhibition.
In contrast, we observed no effect of SH3-I3-GUK module
on the velocity of full-length GAKIN in the microtubule-
gliding assay, where GAKIN is attached on the glass surface
(data not shown).

A functional requirement of the SH3-I3-GUK region of
hDlg suggests that simple binding mediated by the GUK
domain is not sufficient for the activation of GAKIN. The
SH3-GUK domains are known to self-associate and form a
single unit via an intramolecularly folded closed conforma-
tion (20, 26, 27). One possible mechanism could be envis-
aged whereby the I3 insertion physically interferes or

interacts with a segment of GAKIN to induce sufficient
conformational change in GAKIN to release it from the
inhibited state. Alternatively, the SH3-I3-GUK module might
display a folded structure that is different from those of the
SH3-I2-GUK and PSD-95 SH3-GUK modules, which are
predicted to be closed-form monomers. As proposed previ-
ously, a closed conformation of the SH3-GUK module could
in theory change into an open conformation that forms an
antiparallel dimer or even a large polymer (20, 28). There is
also a possibility that the SH3-I3-GUK unit represents a
constitutively open conformation. Interestingly, full-length
hDlg, both the I2 and I3 isoforms, did not activate GAKIN
(Figure 3C), suggesting that the full-length hDlg-I3 protein
has its SH3-I3-GUK module locked in an inhibited closed
state in vitro. This result is consistent with the previous
observations stating that various domains of hDlg participate
in a series of intramolecular interactions that functionally
regulate the full-length hDlg, which exists in a compactly
folded structure (18, 27). In the Drosophila Dlg tumor
suppressor, a point mutation in the SH3 domain named m30

FIGURE 3: Activation of GAKIN by direct interaction of hDlg. (A) Schematic representation of GST-fused hDlg constructs used in the
study. (B) Binding of GST-PIP3BP and GST-hDlg proteins with GAKIN. Purified FL-GAKIN was used for direct binding with GST fusion
proteins immobilized on the beads. GAKIN was detected with Western blot using anti-GAKIN pAb (10). In the bottom panel, GST fusion
proteins are shown in the CBB-stained gel. (C) Microtubule-stimulated ATPase activity of FL-GAKIN in the presence of GST fusion
proteins. GST fusion proteins of PIP3BP and hDlg (1µM, except for FL-I3 and FL-I3-L613P, which were 0.5µM) mixed with FL-GAKIN
(50 nM) were incubated with or without microtubules (1µM). (D) Microtubule-dependent ATPase activity as a function of the SH3-I3-
GUK concentration. FL-GAKIN (50 nM) and microtubules (1µM) were used in the reaction. (E) Microtubule concentration-dependent
ATPase activity of FL-GAKIN with and without SH3-I3-GUK. FL-GAKIN (50 nM) and GST-SH3-I3-GUK of hDlg (1µM) were used in
the reaction.
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allele was identified as sufficient to abrogate its tumor
suppressor function (15). It was suggested that this SH3
domain mutation may affect the intramolecular interactions
of Dlg (27). We introduced a corresponding mutation in hDlg
(L613P); however, the mutant hDlg did not activate GAKIN
irrespective of whether the mutation was introduced in the
I2- or I3-containing hDlg isoform (Figure 3C). Further
characterization of the hDlg structure will be required to fully
define the nature of the closed conformation. Nonetheless,
the available data suggest that the nature of the intramolecular
interactions of hDlg is critical for the regulation of GAKIN
motor activity. At this stage, we do not know the identity of
the intracellular signal that activates the autoinhibited state
of the hDlg-I3 isoform. We can speculate that specific
binding partners of hDlg, such as the PDZ binding trans-
membrane receptors, might change the conformation of hDlg,
which in turn would activate GAKIN to initiate the trans-
location of the motor-cargo complex in vivo (model shown
in Figure 4).

Functional differences between the two isoforms of hDlg
(hDlg-I2 and hDlg-I3) have been reported previously (17,
25, 27, 29, 30). The I3 insert binds to the FERM domain of
protein 4.1, and this binding sequence is conserved in several
other MAGUKs that may mediate their physical linkage to
the actin cytoskeleton (29). Emerging evidence also suggests
that the I3 insert performs regulatory functions that are
independent of its protein 4.1 binding activity. For example,
the binding of GKAP to the GUK domain of SAP97 is
strongly inhibited by an intramolecular interaction in the I3
isoform, whereas significantly less inhibition was observed
in the I2 isoform (27). The adenovirus type 9 E4-ORF1
mediated transformation pathway, which leads to PI3-kinase
activation, requires the participation of the I3 isoform of hDlg
but not the I2 isoform (30). The I3 isoform of hDlg targets
the initial cell-cell contact sites in nonconfluent MDCK
epithelial cells much more efficiently than the I2 isoform

(25). Furthermore, overexpression of the I3 isoform of
SAP97 in neurons enhances the size of dendritic spines, the
number of surface AMPA receptors, and synaptic function,
whereas the I2 isoform does not participate in any of these
functions (17). We speculate that some of these phenomena
may be attributed to the function of the hDlg-I3 isoform to
activate GAKIN-dependent intracellular transport in vivo.

Our results, as presented here, demonstrate that the motor
activity of GAKIN is autoinhibited by intramolecular interac-
tions, particularly via interactions between the motor and
MBS domains. Direct binding of the SH3-I3-GUK module
of hDlg relieves inhibition and activates GAKIN. This is
the first demonstration showing the regulation of a kinesin
motor by direct interaction of its protein cargo using
reconstituted purified components. Accumulating evidence
now suggests that this form of regulation is a common feature
for various kinesins. Kinesin-1, the most well studied kinesin
for its regulatory mechanism, forms an inhibitory conforma-
tion via its tail region of the heavy chain and also by its
light chain (6, 31). Simultaneous interactions with two
binding partners, the light chain binder, JIP1, and the heavy
chain binder, FEZ1, activates kinesin-1 in the intact cells as
well as lysates derived from the transfected cells (32). OSM-
3, a kinesin-2 protein ofCaenorhabditis elegans, is also an
inactive motor in its native form in vitro, but can be turned
on to an active motor by attaching an artificial cargo at the
tail domain or introducing a point mutation in the stalk region
that disrupts its intramolecular fold (9). KIF1A, a kinesin-3
protein, forms intramolecular interactions and mutations
designed to disrupt these interactions and convert it to an
active motor in neuronal cells (11). Together, our results
provide proof of principle evidence that may govern gener-
ally conserved regulatory mechanisms for the activation of
kinesins across species.
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