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We isolated two rice cDNA clones (ricl and ric2) encoding proteins homologous to the ras-related small GTP-binding protein. The amino acid 
sequences of ricl and ric2 are conserved in four regions involved in GTP binding and hydrolysis which are characteristic in the ras and ras-related 
small GTP-binding protein genes. In addition, two consecutive cysteine residues near the carboxyl-terminal end required for membrane anchoring 
are also present in ricl and ric2. The ricl and tic2 proteins synthesized in Escherichia coli possessed GTPase activity (i.e. hydrolysis of GTP to 

GDP). 
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1. INTRODUCTION 2.2. RNA preparation and cDNA libraries 

Small GTP-binding proteins identified in a large vari- 
ety of evolutionary distinct organisms constitute at least 
three subfamilies (ras, rho and rab/ypt) [l]. They are 
believed to play a central role in signal transduction, cell 
differentiation and membrane vesicle transport [2-51, 
though the precise cellular function of most small GTP- 
binding proteins has not been defined. Although several 
reports have shown the presence of small GTP-binding 
proteins in plants [6-121, little is known about their 
function in higher plants. 

We isolated putative plant genes by random sequenc- 
ing of cDNA clones prepared from rice suspension cul- 
tured cells [ 131. By comparing the partial sequences of 
cDNA clones to the GenBank database, we found two 
cDNA clones (ricl and ric2) showing homology to small 
GTP-binding protein genes. In this paper, we report the 
complete nucleotide and deduced amino acid sequences 
of ricl and ric2. Furthermore, we demonstrate here that 
these small GTP-binding proteins show GTPase activ- 
ity. 

2. MATERIALS AND METHODS 

2.1. Plant materials 
Suspension-cultured cells of rice (Oryx sativa L. var. Yamahoushi) 

were maintained in AA liquid medium [14]. The cultures were kept in 
a gyratory shaker (100 rpm) at 25°C and subcultured every 2 weeks. 
Seedlings (7 days old) were used for RNA extraction. 

*Corresponding author. Fax: (81) (3) 3812 2910. 

Total RNA was prepared from 5-day-old callus treated with 20% 
sucrose or 2% NaCl according to a modified method of Palmiter [15]. 
Poly(A)‘RNA was isolated from total RNA by oligotex-dT30 
(Roche). cDNA was synthesized from poly(A)‘RNA using the cDNA 
synthesis system plus (Amersham) and ZAP-cDNA synthesis kit 
(Stratagene). A cDNA library of 20% sucrose-treated callus was con- 
structed with pIBI31 and another one for 2% NaCl treated callus was 
constructed with pBluescript (Stratagene). 

2.3. Nucleotide seguencrng 
Deletion mutants were generated by exonuclease III digestion using 

a Deletion Kit (Takara Co.). The nucleotide sequences of inserts were 
determined using the Sequenase Kit (United State Biochemical Co.) 
with the Ml3 universal and reverse primers. 

2.4. Southern blot analysis 
Total DNA was isolated from rice calli according to Shure et al. [16]. 

DNA (3 pg) digested with restriction enzymes (BarnHI, EcoRI and 
HindIII) was electrophoresed on a 1 .O% agarose gel. The gel was then 
treated with 0.4 M NaOH, and denatured DNA was blotted onto a 
nylon membrane (Hybond-N Plus, Amersham). Hybridization was 
carried out with an a-3’P-labeled cDNA probe (the 680 bp Hind111 
fragment of ricl and 430 bp XhoI fragment from the 3’ end of ric2) 
at 65°C. The nylon membrane was washed at 65°C with 2 x SSC, 0.1% 
SDS (2 x 30 min) and then exposed to an X-ray film with intensifying 
screen at -80°C. 

2.5. Northern blot analysis 
Total RNA (10 pg) isolated from rice callus and seedlings was 

electrophoresed in 1.2% formamide agarose gel, and transferred to a 
nylon membrane, which was then hybridized with a DNA probe (the 
680 bp Hind111 fragment of ricl and 430 bp XhoI fragment from the 
3’ end of ric2) as described in the Southern blot analysis. 

2.6. E.upression of the ric proteins in Escherichia coli 
The coding region of ricl was isolated by digestion with Hind111 

(position 131 and 811) was blunted with T4 DNA ligase and cloned 
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into the SmaI site of the pGEX-1 expression vector (Pharmacia). The 
coding region of tic2 isolated by digestion with OnI (position 68 and 
vector) was blunted with T4 DNA ligase and cloned into the SnruI site 
of the pGEX-3x expression vector (Pharmacia). Clones were then 
transferred into E. coli DHSaF’. The expression of GST (glutathione 
S-transferase)-tic fusion proteins in E. coli was performed as described 
[17] and purified by glutathione Sapphires4B column chromatogra- 
phy (Pharmacia). 

2.1. GTPase assay 
GTPase activity was determined according to the modified condi- 

tions of Wagner [18]. Briefly, the reaction was carried out in a final 
volume of 200 ~1 consisting of 65 mM Tris-HCl (pH 7.5), 10 mM 
MgCl,. 0.5 mM DTT, 1 mM NaN,, 4 PM GTP, 33 nM s-32P-labeled 
GTP (3,000 CYmmol), 1 mM ATP and 1 PM of GST-ricl and GST- 
ric2 fusion proteins at 30°C. Ten-microliter samples were collected at 
1 h intervals followed by the addition of 10 ,uI 0.5 M EDTA to stop 
the reaction. Two microliter were spotted onto a PEI-cellulose TLC 
plate (Macherey-Nagel), which was then developed in 0.5 M KH,PO, 
I~H 3.4). After drying, the plate was exposed to an X-ray film. 

3. RESULTS AND DISCUSSION 

3.1. Two small GTP-binding protein genes (ricl and 
ric2) 

cDNA libraries of rice callus were constructed using 
plasmid vectors pIBI31 and pBluescript. By random 
sequencing of these cDNA libraries and computer anal- 
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ysis using the GenBank database [ 131, we obtained two 
ras-related small GTP-binding protein genes (ricl and 
ric2). Fig. 1 shows the entire nucleotide and deduced 
amino acid sequences of ricl and ric2. ricl consists of 
955 bases with an ORF of 606 bases. This ORF starts 
at base 104 and ends with a TGA stop codon at base 
710, capable of encoding for a 202 amino acid polypep- 
tide. A consensus polyadenylation signal (AATAAA) 
was not found in the 3’-noncoding region. The ric2 
consists of 965 bases with an ORF of 651 bases capable 
of encoding a polypeptide of 217 amino acids long. The 
first ATG codon is located at base 56, and the ORF 
ends with a TAA stop codon at base 707. We could not 
find any sequence homologous to the polyadenylation 
signal (AATAAA). 

3.2. Characterization of cDNA 
Fig. 2A shows a comparison of deduced amino acid 

sequences of ricl, yptm2 [lo], ara5 [6] and yptl [19]. ricl 
shares 83%, 81%, and 71% amino acid identity with 
yptm2, ara5 and yptl, respectively. The amino acid se- 
quences of ricl are conserved in four regions (shaded 
boxes in Fig. 2A) which are now known to be important 
for binding and hydrolysis of GTP [ 1,201. In addition, 
two consecutive cystein residues near the carboxyl-ter- 
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Fig. 1. The nucleotide and deduced amino acid sequences of tic1 and ric2. Identical amino acid residues are indicated by asterisks. Gaps are 
introduced to obtain maximum similarity. The nucleotide sequence data of ricl and ric2 appear in the DDBJ, EMBL and GenBank database under 

the accession numbers D10436 and D13758, respectively. 
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Fig. 2. Alignment of the amino acid sequences of ricl, yptm2, ara5 and yptl (A). Alignment of amino acid sequences of ric2, ara2, ypt3 and rgpl 
(B). Each amino acid sequence is represented by the standard single letter code. Identical amino acid residues are indicated by asterisks. Gaps are 
introduced to obtain maximum similarity. The shaded boxes indicate highly conserved regions in all the ras and ras-related small GTP-binding 
protein genes characteristic for GTP binding and hydrolysis; the consensus amino acid sequences are shown at the bottom. Two consecutive cysteme 
residues near the carboxyl-terminal end required for membrane anchoring are underlined. The region corresponding to the eRector domain of 

mammalian H-ras protein is boxed. 

minal end are conserved in ricl. These cysteine residues 
required for geranylgeranylation and subsequent mem- 
brane anchoring are also seen in the rab/ypt subfamily 
of small GTP-binding protein genes [21]. The region of 
amino acid residues 3745 (boxed in Fig. 2A) corre- 
sponds to amino acids 32-40 in the mammalian H-ras 
protein, known as the effector region interacting with 
GTPase-activating proteins (GAPS) [22]. The amino 
acid sequences of ricl, yptm2, ara5 and yptl are well 

0 10 20 30 40 50 60 70 80 90 100 (x) 

Fig. 3. The evolutional tree of ras-related small GTP-binding proteins. 
The scale on the bottom shows homology % of amino acid sequences. 

SP, Schaosaccharomyces pombe; SC, Saccharomyces cerevisiae. 

conserved except for 40 amino acids at the C-terminus. 
Fig. 2B shows a comparison of deduced amino acid 
sequences of ric2, ara2 [6], ypt3 [19] and rgpl [I 13. ric2 
shares 79%, 68% and 58% amino acid identity with 
ara2, ypt3 and rgpl, respectively. The amino acid se- 
quences of ric2 are conserved in four regions (shaded 
boxes in Fig. 2B) required for binding and hydrolysis 
of GTP. In addition, two consecutive cysteine residues 
near the carboxyl-terminal end are conserved in ric2. 
Furthermore, the region interacting with GTPase-acti- 
vating proteins is also seen in these four genes (boxed 
in Fig. 2B). 

3.3. Evolutional comparison 
Recently, many ras-related small GTP-binding pro- 

tein genes were identified in various organisms includ- 
ing plants [6-l 21. To analyze an evolutional relationship 
between ricl and other ras-related small GTP-binding 
protein genes [3,6,11,19,23,24] an evolutional tree on 
the basis of amino acid homology was made (Fig. 3). 
Apparently, ricl belongs to a group of genes including 
Zea mays yptm2 [lo], Arabidopsis thaliana ara5 [6] and 
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Schizosaccharomyces pombe yptl [19]. ric2 shows simi- 
larity to A. thaliana ara2 [6], S. pombe ypt3 [19] and 0. 
sativu rgpl [ll]. 

3.4. Southern and Northern blot analysis 
Both ricl and ric2 hybridized to multiple bands of 

BarnHI, EcoRI and Hind111 digested DNA (Fig. 4). 
This result shows that ras-related small GTP-binding 
protein genes of rice form a multiple gene family. We 
also isolated mRNA from callus and seedlings for 
Northern blot analysis. As seen in Fig. 5. both ricl and 
ric2 showed the expected transcript size of 1.0 kb. Con- 
cerning the level of transcripts, ric2 was expressed at 
least five times higher than ric2 in both tissues. Interest- 
ingly enough, the level of ric mRNA expression was 
much higher in callus than in seedlings. 

3.5. GTPase activity 
Several instances demonstrating that plant ras-related 

small GTP- binding proteins are capable of GTP bind- 
ing have been presented [7,8,11]. These experiments 
were carried out by incubating membranes containing 
proteins with [a-32P]GTP. Here, we have tried to dem- 
onstrate GTPase activity of the RICl and RIC2 pro- 
tein. For this purpose, we made a fusion protein of 
GST-RICl and GST-RIC2 (Fig. 6A). The free form of 
GDP was increased as the incubation progressed, 
whereas without proteins no such reaction was observed 
(Fig. 6B). The hydrolysis rate of GST-RICl and GST- 
RIC2 GTPase was about 0.002 min-‘, which is lower 
than the hydrolysis rate of 0.006 min-’ determined for 
the yeast YPTI protein [18]. To our knowledge, this is 
the first report demonstrating that two plant small 
GTP-binding proteins show GTPase activity in vitro. 
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Fig. 5. Northern blot analysis of RNA from rice seedlings (7-day-old) 
and callus (S-day-old). a-“P-labeled cDNA (the 680 bp Hind111 frag- 
ment of ricl and 430 bp X/r01 fragment from the 3’ end of ric2) was 
used as a probe. The dark background in tic2 as a probe was due to 
the relatively long exposure time, since the tic2 mRNA level was much 

lower than that of ricl. 
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Fig. 6. GTP hydrolysis by GST-ricl and GST-tic2 protein. SDS- 
PAGE (12.5%) of purified GST-RICl and GST-RIC2 proteins (A). 
Purified proteins were incubated with [cc-32P]GTP at 30°C. Reaction 
mixtures were separated into GTP and GDP on a PEI-cellulose TLC 

plate and visualized by autoradiography (B). 

Acknowledgements: This research was supported by Grants-in-Aid for 
Scientific Research, Ministry of Education, Culture and Science, 
Japan, a grant from the Torey Foundation and a grant from the 
Rockefeller Foundation. 

1.5 

REFERENCES 
- 09 - 0.9 

Fig. 4. Southern blot analysis of ricl (A) and ric2 (B) in total rice 
DNA. Total DNA was digested with BumHI (lane l), EcoRI (lane 2) 
and Hind111 (lane 3). a-“P-labeled DNA (680 bp Hind111 fragment of 
ricl and 430 bp X/r01 fragment from the 3’ end of ric2) was used as 

a probe. 1DNA digested with EcoTl41 was used as a size maker. 

111 

121 

[31 
141 

PI 

Boume, H.R., Sanders, D.A. and McCormick, F. (1991) Nature 
349, 117-127. 
Baker, D., Wuestehube, L., Schekman, R., Botstein, D. and 
Segev, N. (1990) Proc. Natl. Acad. Sci. USA 87, 355-359. 
Sahninen, A. and Novick, P.J. (1987) Cell 49, 527-538. 
Schmitt, H.D., Puzicha, M. and Gallwitz, D. (1988) Cell 53, 
635647. 
Walworth, N.C., Goud, B., Kabcenell, A.K. and Novick, P.J. 
(1989) EMBO J. 8, 168551693. 

285 



Volume 332, number 3 FEBSLETTERS October 1993 

[6] Anai, T., Hasegawa, K., Watanabe, Y., Uchimiya, H., Ishizaki, 
R. and Matsui, M. (1991) Gene 108259-264. 

[7] Anuntalabhochai, S., Terryn, N., Van Montagu, M. and Inze, D. 
(1991) Plant J. 1, 167-174. 

[8] Dallmann, G., Sticher, L., Marchallsay, C. and Nagy, F. (1992) 
Plant Mol. Biol. 19, 847-857. 

[9] Matsui, M., Sasamoto, S., Kuneida, T., Nomura, N. and Ishi- 
zaki, R. (1989) Gene 76, 313319. 

[lo] Palme, K., Diefenthal, T., Vingron, M., Sander, C. and Schell, 
J. (1992) Proc. Natl. Acad. Sci. USA 89, 787-791. 

[l l] Sano, H. and Youssefian, S. (1991) Mol. Gen. Genet. 228, 227- 
232. 

[12] Terryn, N., Anuntalabhochai, S., Van Montagu, M. and Inze, D. 
(1992) FEBS Lett. 299,287-290. 

[13] Uchimiya, H., Kidou, S., Shhnazaki, T., Aotsuka, S., Takamatsu. 
S., Nishi, R., Hashimoto, H., Matsubayashi, Y., Kidou, N.. 
Umeda, M. and Kato, A. (1992) Plant J. 2, 1005-1009. 

[14] Toriyama, K. and Hinata, K. (1985) Plant Sci. 41, 179-183. 

[15] Palmiter, R.D. (1974) Biochemistry 13, 3606. 
[16] Shure, M., Wessler, S. and Fedoroff, N. (1983) Cell 35,225-233, 
[17] Smith, D.B. and Johnson, S.K. (1986) Proc. Natl. Acad. Sci. USA 

83, 87038707. 
[18] Wagner, P., Molenaar, C.M.T., Rauh, A.J.G., Broke], R.. 

Schmitt, H.D. and Gallwitz, D. (1987) EMBO J. 6, 2373-2379. 
[19] Haubruck, H., Disela, C., Wagner, P. and Gallwitz, D. (1987) 

EMBO J. 6,40494053. 
[20] Boume, H.R., Sanders, D.A. and McCormick, F. (1990) Nature 

348, 125-132. 
[21] Fransworth, C.C., Kawata, M., Yoshida, Y., Takai, Y., Gelb. 

M.H. and Glomset, J.A. (1991) Proc. Natl. Acad. Sci. USA 88. 
6196-6200. 

[22] Pai, E.F., Kabsch, W., Krengel, U., Holmes, K.C., John, J. and 
Wittinghofer, A. (1989) Nature 341, 209-214. 

[23] Haubruck, H., Engelke, U., Mertins, P. and Gallwitz, D. (1990) 
EMBO J. 9, 1957-1962. 

[24] Miyake, S. and Yamamoto, M. (1990) EMBO J. 9, 1417-1422. 

286 


