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Previously, we reported the biochemical properties of
RGA1 that is expressed in Escherichia coli (Seo et al.,
1997). The activities of RGA1 that hydrolyzes and binds
guanine nucleotide were dependent on the MgCl2

concentration. The steady state rate constant (kcat ) for GTP
hydrolysis of RGA1 at 2 mM MgCl2 was 0.0075 ± 0.0001
min−1. Here, we examined the effects of pH and cations on
the GTPase activity. The optimum pH at 2 mM MgCl2 was
approximately 6.0; whereas, the pH at 2 mM NH4Cl was
approximately 4.0. The result from the cation dependence
on the GTPase (guanosine 5’-triphosphatase) activity of
RGA1 under the same condition showed that the GTP
hydrolysis rate (kcat = 0.0353 min−1) under the condition of
2 mM NH4Cl at pH 4.0 was the highest. It corresponded to
about 3.24-fold of the kcat value of 0.0109 min-1 in the
presence of 2 mM MgCl2 at pH 6.0.

Keywords: Cations, GTPase activity, GTP hydrolysis rate
(kcat), pH, RGA1

Introduction

The heterotrimeric guanine nucleotide-binding regulatory
proteins (G-proteins) comprise a superfamily of proteins
(Freissmuth et al., 1989; Birnbaumer et al., 1990; Bourne et
al., 1990) that serve to transduce and amplify the signals,
which are initially perceived by integral plasma membrane
receptor proteins (Im, 2001).
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Furthermore, even though little progress has been made in
identifying the receptors and effectors that activate or respond
to heterotrimeric G-proteins, possible candidates for cytosolic
effectors that are involved in signal transduction in plants have
been proposed. However, they have not been fully
characterized. For example, in the case of cultured-soybean
cells using the antigen-binding fragment (Fab) of an antibody
against G-protein, the mastoparan and A subunit of cholera
toxin, Legendre et al. (1993) demonstrated that G-proteins
were involved in the elicitation of the defense responses. In
addition, Li and Assmann (1993) reported that Viva faba G-
proteins took part in the regulation of the outward K+ channel
activity.
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Materials and Methods
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Fig. 1. GTPase activity of RGA1 in a steady state. 8�-
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Results and Discussion

We previously reported that a rice cDNA of the G-protein α
subunit was expected to encode a polypeptide of an
approximate molecular mass of 44.5 kD��� ���� ���� )������
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Generally, the GTP- and ATP-hydrolyzing proteins have
absolute requirements for divalent cations, usually Mg2+, as a
cofactor in their reactions. Schweins et al.(1997) also reported
that in case of the catalytic rate of p21ras, a GTP hydrolyzing
protein needed the divalent cation of Mg2+ in its activity. In
addition, they presented that Mn2+ was able to efficiently
substitute Mg2+ in the active site. In 1993, Bertchtold et al. and
Kjeldgaad et al. presented similar results on EF-Tu through
their crystal structure studies.
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It is reasonable to assume from some reports that the distinct
catalytic efficiencies are caused by the stability of the transition
state of each reaction by various metal ions. In 1995, Schweins
et al. demonstrated that the apparent pKa of the γ-phosphate of
protein-bound GTP could be determined by fitting the increase
in a reaction rate below pH 7.0. Therefore, this immediately led
us to examine the pH effect of the GTPase activity of RGA1. It
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Table 1. Optimum pH and the rate constants for GTP hydrolysis
of RGA1 in the presence of various cations. Protein (250 ng)
was incubated for 70 min at 30oC in a final volume of 100 µl
with 0.2 µM [γ-32P]GTP and 2 mM concentration of various
cations at fixed pH. The rates (kcat) were determined by using the
computer program “Softwindow Grafit”.

Optimum pH Intrinsic GTPase 
activity kcat (min−1)

CaCl2 6 0.0101
CuCl2 5 0.0002
FeCl2 5 0.0031
KCl 4 0.0290
MgCl2 6 0.0190
MnCl2 5 0.0081
NaCl 4 0.0259
NH4Cl 4 0.0353
NiCl2 5 0.0024
ZnCl2 ND* 0.0085×10−2

*; ND means that optimum pH was not observed.
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was investigated with the same cations that were tested in Fig. 1
in the range of pH 1.0 - 12.0. The GTPase activity of RGA1
was the highest at pH 6.0 in the presence of MgCl2, pH 5.0 in
the presence of MnCl2, and pH 4.0 in the presence of NaCl or
NH4Cl. Furthermore, we conducted additional experiments to
confirm the optimum pH for the GTPase activity of RGA1 by
six other cations (such as CaCl2, CuCl2, FeCl2, KCl, NiCl2, and
ZnCl2) under the same conditions as shown in Fig. 3. From
these experiments, we calculated the GTP hydrolysis rates (kcat)
of RGA1 in the presence of 2 mM concentration of each cation
and optimum pH condition. As shown in Table 1, the kcat value
was the highest among the reaction conditions as 0.0353 min−1

in the presence of NH4Cl at pH 4.0. This value was
approximately 3.24-fold of the kcat value (0.0109 min−1) in the
presence of MgCl2 at pH 6.0. In addition, the GTPase activity of
RGA1 in the presence of 2 mM concentrations of the cations
used at pH 8.0 varied (the highest with K+, Na+, and NH4

+;
slightly higher with Ca2+ and Mg2+; medium with Mn2+; low
with Fe3+ and Ni2+; very low with Cu2+ and Zn2+).

Recently, a few reports on the determination of crystal
structures significantly contributed to our understanding at a
molecular level of the physiological roles of heterotrimeric G-
proteins in the signaling process. The role of metal ion for
these proteins was particularly well documented through
structural considerations. (Sondek et al., 1994; Mixon et al.,
1995; Wall et. al., 1995; Lambright et al., 1996). Furthermore,
a novel reaction mechanism for guanine nucleotide-binding
proteins, which is based on theoretical, structural, and
functional considerations, was proposed (Muegge et al., 1998;
Coleman and Sprang, 1999; Hanzal-Bayer et al., 2002).

Elucidation of the RGA1 crystal structure may be a very
important step towards a more detailed understanding of the
hydrolysis mechanism of this protein in the presence of
various cations and under different pHs.

In conclusion, we demonstrated here that a rice
heterotrimeric GTP-binding protein (RGA1) that is expressed
in E. coli had cation- and pH-dependent properties for GTPase
activity. NH4Cl (among the tested monovalent cations) and
MgCl2 (among the tested divalent cations) were particularly
effective for GTP hydrolysis at pH 4.0 and pH 6.0,
respectively.
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