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Rab GTPases are essential for vesicular trans-
port, whereas adenosine triphosphate (ATP) is
the most important and versatile of the activated
carriers in the cell. But there are little reports to
clarify the connection between ATP and Rab
GTPases. A cDNA clone (Rabl4) from Bombyx
mori was expressed in Escherichia coli as a gluta-
thione S-transferase fusion protein and purified.
The protein bound to [PH]-GDP and [*°S]-
GTPvS. Binding of [**S]-GTPyS was inhibited
by guanosine diphosphate (GDP), guanosine
triphosphate (GTP) and AT Rabl4 showed
GTP- and ATP-hydrolysis activity. The Km value
of Rab14 for ATP was lower than that for GTPR
Human Rabl4 also showed an ATPase activity.
Furthermore, bound [PH]-GDP was exchanged
efficiently with GTP and ATP. These results
suggest that Rabl14 is an ATPase as well as
GTPase and gives Rabl4 an exciting integrative
function between cell metabolic status and mem-
brane trafficking.
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1. INTRODUCTION

The Rab proteins comprise the largest subgroup of the
Ras superfamily of small GTPases. The Rab subgroup
includes approximately 70 mammalian members.
These proteins act as regulators of trafficking between
subcellular compartments in eukaryotic cells (Alvarez
et al. 2003; Ali & Seabra 2005).

Like other GTPases, Rab proteins have the capacity
to serve as molecular switches by cycling between
the guanosine diphosphate-(GDP) and guanosine
triphosphate-(GTP) bound forms. The GTP-bound
form (active form) of the Rab protein is slowly con-
verted to the GDP-bound form (inactive form) by
the intrinsic capacity of the protein to hydrolyse
GTP. In turn, activation of the protein involves the
replacement of GDP with GTP. On the subcellular
membrane, the GTP-bound form of the Rab protein
binds many effector proteins and performs a variety
of cellular processes (Strick & Elferink 2005;
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Grosshans er al. 2006; Handley & Burgoyne 2008).
After Rab proteins complete their designated functions
on the subcellular membrane, they return to the
cytosol as the inactive GDP-bound form.

Rab14 is ubiquitously expressed and is localized on
the Golgi/trans Golgi network and early endosomes
(Junutula ez al. 2004; Proikas-Cezanne ez al. 2006; Kitt
et al. 2008); it has been found on adaptor protein 1A-
coated liposomes by using proteomic analysis (Baust
et al. 2006). Furthermore, Rab14 is involved in the regu-
lation of glucose transport in muscle cells via the Rab
GTPase-activating protein AS160 (Ishikura ez al. 2007).

Whereas adenosine triphosphate (ATP) is the most
important and versatile of the activated carriers in the
cell, it supplies energy for many of the pumps that trans-
port substances into and out of the cell (Kuhlbrandt ez al.
1998). It also powers the molecular motors that enable
muscle cells to contract (Rayment ez al. 1993) and
nerve cells to transport materials from one end of their
long axons to the other (Kamal & Goldstein 2000).
ATP is a signal molecule of protein phosphorylation of
protein kinases (Hunter 1987). ATP is also necessary
as energy material for membrane transporters (Vergne
et al. 2004; Starai er al. 2005; Liu et al. 2007). But
there is little report to uncover the relationships between
ATP and Rab GTPases.

We previously isolated Rab14 cDNA from Bombyx
mori and produced Rabl4 proteins in Escherichia coli.
The expressed proteins showed [PH]GDP-binding
activity (Uno ez al. 2004, 2006).

Here, we demonstrate that Rabl4 showed ATP
binding, was converted from the ATP-bound state to
the adenosine diphosphate (ADP)-bound state by
intrinsic ATP hydrolysis activity and then returned to
the ATP-bound state with the exchange with ATP.

2. MATERIAL AND METHODS

(a) Material

Glutathione S-sepharose resin, pGEX6P2, [PH]GDP and
[>°>SIGTPyS came from GE Healthcare UK (Little Chalfont,
Buckinghamshire, UK).

(b) Purification of Rab proteins

Cells transformed with pGEX6P2 containing cDNAs of Rab14 were
pre-incubated overnight in Luria broth medium, after which the
medium was diluted 1:100 and incubated for a further 3h at
37°C. Expression of the glutathione S-transferase (GST)-fusion
protein was then induced by adding 0.1 mM isopropyl 1-thio-B-D-
galactoside; this was followed by an additional incubation for 24 h
at 16°C. Cells were collected by centrifugation and suspended in
Tris-buffered saline (TBS; 140 mM NaCl and 50 mM Tris—HCI
(pH 7.3)), disrupted by sonication, and then cleared by centrifu-
gation. Aliquots of supernatant were applied to a glutathione
S-sepharose column equilibrated with TBS. The column was
washed with TBS, and proteins were eluted with 50 mM Tris—
HCI1 (pH 8.0) containing 0.1 M NaCl and 10 mM glutathione.
Eluted proteins were dialysed against 50 mM Tris—HCI and 1 mM
ethylenediaminetetraacetic acid. The protein concentrations of the
eluates were determined in accordance with the method of Lowry
et al. (1951). The cDNA fragments containing the entire coding
sequences of human Rabl4 were amplified by PCR. The protein
was expressed and purified as described above. Dominant positive
mutant of Rabl4 (Q70L) was constructed using site-directed
mutagenesis (Kyei ez al. 2006).

(c) Determination of [’ H|GDP and [*°S|GTPyS

binding activities

Rab14 (5 pg) was incubated for 2 h at 25°C in a 100 pl mixture con-
taining 50 mM Tris—-HCl (pH 8.0), various concentrations of
PH]GDP or [*°S]GTP~S, and 5 mM MgCl,. The reaction was
stopped by the addition of 1 ml of wash buffer (50 mM Tris—HCI
(pH 8.0), 25 mM MgCl,, 0.1 M NaCl and 0.025% bovine serum
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Figure 1. Lineweaver-Burk plots of GTPase activity (filled
triangles) and ATPase activity (filled squares).

albumin), followed by rapid transfer to a nitrocellulose membrane
(Advantec Toyo, Tokyo, Japan). The nitrocellulose membrane was
washed twice with wash buffer and dried. The radioactivity on the
nitrocellulose membrane was counted by a liquid scintillation
counter (LSC-5100, Aloka, Tokyo, Japan).

(d) Competition for GTPyS binding to GST-Rab14

by nucleotides

A reaction mixture containing 5.0 pg GST-Rab14 and 50 mM Tris—
HCI (pH 8.0), was incubated at 25°C for 20 min with 20 uM [>*S]
GTPyS in the absence or presence of individual nucleotides
(GTPyS, GTP, GDP, ATP and ADP) at 20 mM concentrations.
The reaction was stopped by the addition of 1 ml of wash buffer,
followed by rapid transfer to a nitrocellulose membrane. The
radioactivity on the nitrocellulose membrane was counted by an
LSC as described above.

(e) Measurement of GTPase or ATPase activity

GST-Rabl4 (0.5 pg) was incubated at 25°C in 100 pl of reaction
mixture (50 mM Tris—HCI (pH 7.8), 1 mM dithiothreitol, 50 pM
GTP (or ATP) and 5 mM MgCl,). The reaction was stopped by
the addition of 200 ul of Biomol Green Reagent (Biomol Research
Laboratories, Pennsylvania, USA). After incubation of the mixture
at room temperature for 30 min, the absorbance at a wavelength of
620 nm was measured. The amount of inorganic phosphate liberated
was determined by using Na,HPO, as the standard. As a control,
GST was substituted for the GST-Rab14. The amounts of phosphate
liberated were calculated by subtracting the values for GST alone
from those for GST-Rab14 (figure 1).

(f) Exchange of bound [°H]-GDP with nucleotides
PH]-GDP-bound GST-Rabl4 protein was made by incubating
GST-Rabl14 (5.0 pg) for 1 h at 25°C in a reaction mixture containing
50 mM Tris—HCI (pH 8.0), 5 mM MgCl, and 20 uM [?H]-GDP.
Exchange of [’H]-GDP on GST-Rabl4 was initiated by adding a
1000-fold excess of either unlabelled GTP or ATP.

After incubation at 25°C, bound [PH]-GDP was trapped on a
nitrocellulose membrane filter and its radioactivity was measured
as described for the [?’H]-GDP binding assay.

3. RESULTS

(a) GTPyS and GDP binding

First, to determine whether Rab14 bound to GTP and
GDP, the binding activity of Rab14 to [*°>S]GTPyS or
[PH]GDP was measured. Rabl4 proteins were incu-
bated with [>>’S]GTP+S or [’H]GDP. The inoculate
was passed through a nitrocellulose membrane and
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Table 1. Competition for GTPyS binding to GST-Rabl4
by nucleotides.

competitor GTPyS GTP GDP ATP ADP
inhibition (%)
Rabl4 99.0 98.6 100.0 94.5 93.4

the radioactivity of the materials remaining on the
membrane was measured, revealing that Rab14 protein
bound to GTPyS and GDP. The dissociation con-
stants (Kd) of Rabl4 for GTPyS and GDP were
calculated to be 20.8 and 5.7 uM, respectively.

Next we examined competitive inhibitions with var-
ious nucleotides (table 1). GTP binding was inhibited
by GTP, GDP and ATP. These results indicate that
Rab14 bound to GTP, GDP and ATP.

(b) GTP and ATP hydrolysis with Rab

To determine whether Rab14 hydrolysed other nucleo-
tides besides GTP, ATPase and GTPase activities were
also measured. Rab14 was incubated with GTP or
ATP at 30°C in 25 pl aliquots of reaction mixture.
The inorganic phosphate released was calculated by
measuring the absorbance at a wavelength of 660 nm.

Hydrolysis reactions proceeded linearly for at least
180 min. The Km values of Rab14 for ATPase and
GTPase were 9.71 and 14.5 pM, respectively. These
results indicate that Rab14 has GTPase and ATPase
activity.

Further, to ascertain whether mammalian Rab14
protein has similar properties or not, activities of
human Rabl4 were examined. The Km values of
human Rabl4 for ATPase and GTPase were 7.34
and 20.1 pM, respectively.

Dominant positive mutant (Q70L), which does not
show GTPase activity and is a constitutively active
mutant, was constructed and expressed in E. coli.
This mutant had little activity of GTPase and
ATPase (0.1% and 0.1% to wild Rabl4 activities,
respectively).

This is the first report, to our knowledge, to show
that insect Rab proteins is an ATPase as well as a
GTPase.

(c) Exchange of [’ H|GDP

Next, exchange of "H]GDP with ATP or GTP was
measured. Rates of exchanges of [PH]-GDP with
ATP and GTP for 1 min were 79.6 and 69 per cent.
This result indicates that Rabl4 protein efficiently
exchanged GTP with ATP or GTP.

4. DISCUSSION
Guanine nucleotide is a major regulator of Rab pro-
teins in their cycling between the active and inactive
forms, similar to the other small GTP-binding pro-
teins. The GTP-bound form (active form) is slowly
converted to the GDP-bound form (inactive form)
by the intrinsic capacity to hydrolyse GTP. In turn,
activation involves the replacement of GDP with GTP.
We found that Rab14 proteins of B. mori bound to
GTP and GDP i vitro. Furthermore, Rab14 proteins
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showed ATPase activity as well as GTPase activity.
Comparison of Km values revealed that Rab14 had a
stronger affinity for ATP than for GTP. Furthermore,
the human Rab14 protein had similar properties.

GDP bound with Rabl4 was efficiently exchanged
with ATP and with GTP. Rabl, another Rab protein
in B. mori, also bound ATP but did not exchange
GDP with ATP (exchange rates: GTP 12.6% and
ATP 0% for 30 min; data not shown). These results
suggest that, like GTP, ATP is a regulatory nucleotide
for Rab14.

Dominant positive mutants (Kyei ez al. 2006),
which do not show GTPase activity, had little activity
of GTPase and ATPase. These results suggest that
ATP fits the binding pocket of Rabl4 proteins. GAP
(GTPase activating protein) accelerates the intrinsic
GTP hydrolysis rate of Ras superfamily members
(Bernards 2003; Bos et al. 2007). It is important
to examine whether GAP protein accelerates ATPase
activity or not.

ATP is energy material for many of the pumps such
as ion transporters and the molecular motors such as
myosin. ATP is also necessary to protein transport
related to Rab proteins (Vergne er al. 2004; Starai
et al. 2005; Liu er al. 2007). But there is little report
to clarify the relationship between ATP and Rabs.
These results give Rab14 an exciting integrative func-
tion between cell metabolic status and membrane
trafficking. We are conducting further studies to clarify
the importance of ATP in the functions of Rab
proteins.
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