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GMTDF-5 (417-bp)

(GFP)
2.
2.1,
(Glycine max (L.) Merr.) (cv. enrei)
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2 (Hoagland's
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100 mM (NaCl) (KCI) (CaCl)
100 mM ()
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(ABA) 100 uMm ABA 8 24
GmTDF-5
100 mM NaCl 0 ( ) 1 2 3 4 5 6
12 24 24 6 12 24
2.2.  RNA
RNA -sDs/LiCl RNA
20 ug -MOPS/1.2%
Hybond N* (Amersham)
10x SSC RNA
Roche (DIG)
DIG application manual for filter hybridization
PCR DIG GmTDF-5 cDNA
50% 42
DIG-GmTDF-5 X- (New A; Konica)

BioMax-1D Image Analysis Software (Eastern Kodak)
RNA
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2.3. cDNA

GmTDF-5 cDNA cDNA-AFLP cDNA 417-bp
RACE (Rapid Amplification of cDNA ends)
RACE cDNA 100 mM NaCl 3
RNA Superscript™ 11 RNase H' reverse transcriptase
(Invitrogen) RACE GmTDF-5cDNA 5'-
3'- TA- pBluescript 1l SK(+) (Stratagene)
DNA
Genetyx-Win (ver. 6; Software Development) GmTDF-5 cDNA
ORF
GmTDF-5
GmTDF-5 BLAST?
Prosite ¥ Chou-Fasman ¥ Kyte &
Doolittle K (ph)

(MW)  Genetyx-Win

2.4. DNA
DNA CTAB 7 DNA 7 pg
Bglll  Dral EcoRl  Himdlll ( Nippongene) TBE/0.6%
Hybond N* 0.4 M NaOH
2.2.  RNA
2.5. GFP
PCR GmTDF-5 ORF 35S
(CaMV359) SGFP (S65T) CaMV35S
GmTDF-5::sGFP p GmTDF-5.:sGFP
GmTDF-sGFP
GFP
PDS-1000/He Biolistic Particle Delivery System (Bio-Rad) BX-51
(Olympus) (Allium cepa)

- 235 -



3.

NA GmTDF-5
RACE cDNA
bp)
cDNA
367
(Fig. 2) 5'- 3-
PCR
GmTDF-5
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GmTDF-5
(S65T) GmTDF-5
(Fig. 4)

pGmTDF-5::sGFP
GmTDF-5
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3.3. GmTDF-5
GmTDF-5 100 mM NacCl
3 GmTDF-5
24
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RNA
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24 (Fig. 5)
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(Fig. 2, 3) GmTDF-5 367
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GmTDF-5 N
3 (Leu-1, 11, 111)
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HTH
GmTDF-5
GmTDF-5 GFP
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GmTDF-5 3
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(Fig. 6) ABA 2
Y GmTDF-5 ABA
GmTDF-5 ABA
DNA HTH
GmTDF-5
DNA
3D-1D ? GmTDF-5
(
) GmTDF-5
GmTDF-5 (Arabidopsis thaliand)
(Lotus japonicus) DNA
GmTDF-5 DNA
GmTDF-5
GmTDF-5
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- 238 -



1)

2)

3)

4)

5)

6)

7)

8)

9)

Larcher, W. (1994) Okophysiologie der Pflanzen, 5. Auflage. Eugen Ulmer GmbH & Co., Stuttgart,
Germany (Japanese Translation edition, Springer-Verlag Tokyo).

Shirzadegan, M., Christie, P., Seemann, J.R. (1991) An efficient method for isolation of RNA from
tissue cultured plant cells. Nucl. Acid Res. 19:6055.

Altschul, S.F., Thomas, L.M., Alejandro, A.S., Jingui, Z., Zheng, Z., Webb, M., David, J.L. (1997)
Gapped BLAST and PSI-BLAST: a new generation of protein database search programs. Nucl. Acid
Res. 25:3389-3402.

Prosite website: http://www.expasy.ch/prosite/

Chou, P.Y., Fasman, G.D. (1978) Prediction of the secondary structure of proteins from their amino
acid sequence. Adv. Enzymol. Relat. Areas Mol. Biol. 47:45-148.

Kyte, J., Doolittle, R.F. (1982) A simple method for displaying the hydropathic character of protein. J.
Mol. Biol. 157:105-132.

Murray, M.G., Thompson, W.F. (1980) Rapid isolation of high molecular weight plant DNA. Nucl.
Acid Res. 8:4321-4325.

Shinozaki, K., Yamaguchi-Shinozaki, K. (1997) Gene expression and signal transduction in
water-stress response. Plant Physiol. 115:327-334.

Ota, M., Nishikawa, K. (1997) Assessment of pseudo-energy potentials by the best-five test: a new use

of the three-dimensional profiles of proteins. Protein Eng. 10:339-351.

- 239 -



Cultivar Soybean
Glycine max (L.) Merr. cv. enrei

mRNA CSCSCSCS
vegetative stage-3
exhibited three nodes on
the main stem with fully
developed leaves
control stress
no addition +100 mM NacCl
for 3 days for 3 days
mMRNAC population mMRNAS population _
{ { GmTDF-57

cDNA-AFLP method

| f

10,993 fragments 10,411 fragments

\/

Glycine max Transcript-Derived Fragments
(GmTDFs)

Fig. 1. Glycine max Transcript-Derived Fragment No.5, GmTDF-5, detected
differentially in 100 mM NaCl-treated soybean, as displayed by cDNA-AFLP method.

5-UTR

ORF 3-UTR
18-nt 1,104-nt 300-nt
. CDNA ATG TGA 1,422-nt
(intron-less)
leucine zipper
(L-Xg-L-XgL-XgL)
Protein  N- b -C
P 367-aa/ MW: 40.7-kDa
a-helix
B-strand (~ turn)
v v
§ hydrophobic
o
>
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e) .
E‘ hydrophilic pl value: 5.44
1 100 200 300 367-aa

Fig. 2. Structural profile of a novel salt-inducible gene, GmTDF-5, in soybean.
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D o Na &\Q Vector Construct: pGmTDF-5::sGFP
Q)Q) O\ Q/C) \2\\ N
L CaMVSSS)- GmTDF-5 Ter
[kbp] ) y
21.2— — (CaMV35SPro-GmTDF-5::sGFP-NosT)
e - _
5.2— - ' particle bombardment
35~ : pGmMTDF-5::sGFP
20—
16—

DAPI stain

T _

Fig. 3. Gene distribution of GmTDF-5 on Fig. 4. Subcellular localization of the
soybean genome detected by Southern GMTDF-5::sGFP-fused protein in plant

blot hybridization. cell.
- NaCl = + NaCl + NaCl = - NaCl
hour 0 1 6 12 24(0) 6 12 24
GMTDF-5 o J———
rRNA
o) 4
3
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o
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time course

Fig. 5. Temporal induction of GmTDF-5 transcription in response to 100 mM NaCl
treatment detected by Northern blot hybridization.

- 241 -



(«

o
>
2
2 4
=
[&]
2
g 3
(]
>
8 2
o
1
o LEm .

control NacCl KCI CaCl2 High Low Drought ABA

Osmotic Pressure

Fig. 6. Transcriptional induction of GmTDF-5 gene to various environmental stresses
and a biochemical metabolite.
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Molecular Cloning and Characterization of Novel Salt-Inducible Gene GmTDF-5
Involved in Soybean Salt Tolerance towards Improvements in Crops

Toshio Kojima

School of Agriculture, Ibaraki University

Summary

Soybean (Glycine max (L.) Merr.), which contains abundant proteins, lipids and
valuable chemical metabolites and is a major source of protein and vegetable oil for human
nutrition, has a higher salt tolerance in comparison with other crops. To understand salt
responsive/adaptable mechanism in soybean, we have screened salt-inducible genes,
differentially transcribed in soybean treated with 100 mM NaCl for 3 days, by
cDNA-AFLP method. As a result, 106 of partial cDNAs from salt-inducible genes were
cloned and designed as Glycine max Transcript-Derived Fragment (GmTDF). Of them, 3
GmTDFs were unidentified nucleotide sequences as compared to known ones in DNA
databases. This suggests that soybean genes from these clones encode novel proteins
involved in plant salt tolerance.

Final objective of our study is identification of salt responsive mechanisms and its
tolerant abilities unique to soybean via molecular characterization of the unidentified
salt-inducible genes. In this report, we characterized the gene/protein structure,
subcellular localization and transcriptional response to salt stress of an unidentified clone,
GmTDF-5. A 1,422-bp of full-length cDNA for GmTDF-5 gene encodes a putative
protein of 367 amino acid residues and has a calculated molecular mass and an
isoelectronic value of 40.7-kDa and 5.44, respectively. GmTDF-5 protein is
characterized based on its sequence profiles as an unidentified protein with helix-turn-helix
motif and leucine-zipper motif and, interestingly, localized on and/or around nucleus as
detected by transient analysis using the GFP-fused GmTDF-5 protein. Temporal
transcription of GmTDF-5 gene in response to 100 mM NacCl stress was induced at 2- to
3-hour after stress treatment and was increased by 24-hour. In addition, GmTDF-5
transcription was also regulated by other environmental factors, such as osmotic pressure,
drought and a plant hormone abscisic acid (ABA).

These results suggest that the GmTDF-5 gene might function as one of DNA-binding
factors in soybean salt tolerance.
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