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Improvement of freezing tolerance of lettuce by modification of
low-temperature-inducible genes

Honjoh, Ken-ichi
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39 kDa
HPLC galactinol GolS

PRIZOIAN

cDNA cloning of GolS (LsGolS1, LsGoISZ% gene and VPE (LsSVPE) gene from
lettuce was isolated to determine the nucleotide sequences. The LsGolS2 gene was expressed in

Escherichia coli as a fusion Erotein with TF-His-tag, purified by enzyme treatment and so on, to
obtain a protein of about 39 kDa. The substance serving as a substrate was added to this protein and

the reaction product was examined by HPLC. As a result, formation of galactinol was found meaning
that the activity of this protein was confirmed. Introduction of GolS gene into higher plant
expression vector pRIL01AN and introduction into lettuce using Agrobacterium. As a result of
screening with PCR, transgenic lettuce was acquired.
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Escherichia

coli DH5a  E. coli HB101 Agrobacterium
tumefaciens GV3101

<MS >
MS
[SIGVA] 4.4 g [ 18.0¢g
L 120¢g
1L pH 5.8
121°C 20
< >
MS
[APPOLO SCIENTIFIC] ( 0.1 mM)
L 1
( 0.01 mi)
ODggo = 0.8
< >
MS
0.1 mM

6-benzylaminopurine (BAP) [SIGMA]1 mg/L
1-naphthaleneacetic acid (NAA) [

710.1 mg/L
< >
MS
BAP 0.1 mg/L NAA 0.1 mg/L
100 mg/L 100
mg/L
< >
MS
BAP 0.01 mg/L  NAA 0.05 mg/L
100 mg/L 100
mg/L
< >
MS
100 mg/L
100 mg/L
2
40 ymol m? st 4°C 24
Total RNA
0.1¢9
Microtube Pestles [Scientific

Specialties inc.]

RNeasy Plant Mini Kit [QIAGEN]

Total RNA

CDNA
SuperScript® IV Reverse Transcriptase
[invitrogen]

Total RNA CDNA

Reverse transcription-PCR

CcDNA LsGolS1 LsGolS2

LsVPE

(Table 1) KOD Fx-Neo [TOYOBOQ]

PCR PCR PCR Purification
Kit [QIAGEN]

Table 1

Primer Sequence

GolS (DG) 5 -GCRTATATMACKTTCTTGGCMGG-3’

GolS1 Rl | 5 -AGTATACCTCCATGGCTTGATCCAG-3
GolS2 RL | 5 -TGCAGTAGTGCACCACCTTGATCTT-3
LSVPE F 5" -CGACATCATGTAAACCATGCATAC-3
LSVPE R 5" -ACAGCTCATCGCCAAGGTTTTG-3
TA
Taq DNA Polymerase [SIGMA-ALDRICH]
PCR A
E. coli DH5a

pGEM®-T Easy Vector [Promega]

TA PCR

National Center for Biotechnology
Information(http://ww.nchi.nlm.nih.gov
)  BLAST

3" Rapid Amplification of cDNA RACE

LsGolS1 LsGolS2
cDNA SMARTer® RACE
5 /3 Kit [TaKaRa] RACE
24
Total RNA cDNA

CcDNA LsGolS1

LsGolS2
(GolS1F3:

5 -CTTCAAGGATATCTACAAGCCAATC-3" ,
GolS2F2:
5 -GAAGTCCACTCCACCGACGTTATTC-3" )

KOD Fx-Neo
[TOYOBO] PCR
pColdTF/LsGolS2
Kpnl Ndel
CDNA
LsGolS2 PCR



pColdTF TAKARA
E. coli DH5a
Gols2
LsGolS2
37
15 1mM
IPTG 24

1ml
(12,000x g 4°C 10 )

SDS-PAGE

4x
(0.125 M Tris-HCI (pH 6.8),
4%  SDS, 20% glycerol, 0% B

-mercaptoethanol, 0.002% bromo phenol
blue) 5 10
SDS-PAGE

(50% methanol, 10% acetic acid, 0.1%
coomassie briliant blue R-250)

LsGolS2
(12,000x g, 4°C,
10 ) 2 5 ml
(20 mM sodium phosphate
(pH 7.4), 500 mM NaCl, 20 mM imidazole)
Lysozyme 1mg

PMSF MgCl, 1mM
4°C 30
Tommy Ultrasonic Disruptor UP-201 [
] (48
W,30 x10 ) (10,000% g, 4°C,

10 )

(20 mM
sodium phosphate (pH 7.4), 500 mM NaCl, 20

mM imidazole) HisTrap FF
crude (5 ml) [CGE
1 50 ml
(20 mM

sodium phosphate (pH 7.4), 500 mM NaCl, 200
mM imidazole)
(20 mM sodium phosphate
(pH7.4) ) 10
HiTrap Q (1 ml)
[GE ]
10 ml
(20 mM sodium phosphate (pH
7.4), 1 M NaCl) 1ml

20 mM sodium phosphate (pH 7.4)

PD-10 [Amersham Pharmacia
Biotech 1

5ml

(20 mMm

Tris-HCI (pH 8.0), 100 mM NaCl, 2 mM CaCl,,
1 mM PMSF) 2.48 mg

Factor Xa [New England Biolabs] 15 ng
25°C His-TF
HisTrap FF
crude (1 ml)

GolS
15 ng
( 50 mM Hepes-Na (pH 7.0), 4 mM MnCL,,
2 mM DTT) 30 15
UDP- (4 mm) myo-
( 20 mM) BSA
(0.16 mg) 1ml 30
(15 ug) UDP-
( 4mM)  myo-
( 20 mM) (
20 mM) 1ml
30
HPLC
FDU-506 [EYELA] 5
75% 200 ul
0.45 pm
(Cosmonice filter S )
20pl  HPLC
HPLC Asahipak
NH2P-50 4E [ 1
RID-6A [
] 25
: / =7/3
1.0ml/min
[ ]
pRI1101AN/LsGolS2
pCold/LsGolS2 Kpnl
Ndel LsGolS2
pRI101AN
[TAKARA] E. coliHB101

Agrobacterium tumefaciens GV3101
PRI101AN/ LsGolS2

A. tumefaciens GV3101

50 pg/ml
LB (LB/Gm) 10 ml 30°C
100 ml TB/Gm
ODgyo = 1.5 30°C
(825% g,
4°C, 10 )
3 1 ml 10% glycerol
40 ul 1.5ml
-80°C



25ul 2ul
1
Electro Cell Manipulator ECM 630 [BTX
Division of Genetronics, Inc.]

1500 V 125 Q 50 pF
400 pl
LB 25 °C 1
LB/Km/Gm 28°C 3
1.5 ml 5
1ml
20 15
1ml
5
5 mm
5
3
2
4
8
1—2 cm
DNA
LsGolS2 0.1
g DNeasy® PlantMini Kit [QIAGEN]
DNA
PCR
DNA pR1101
AN

(PRI101-ANF1 5 -AGTCACGACGTTGTA -3’
pRI101-AN R 5" -CAGGAAACAGCTATGAC -3' )

KOD Fx-Neo [TOYOBO] PCR
94°C 2
98°C 10 60°C 30
68°C 1
35
68°C 7
LsGolS1 LsGolS2
GolS

EST PCR
RACE GolS
CDNA
LsGolS1 333
1432 bp DDBJ
LC385741 LsGolS2 339
1404 bp DDBJ

LC385742
ClustalW(http://ww._genome.jp/tools/clu
stalw/) BoxShade Server

(http://www._ch_embnet.org/software/BOX_

form.html) LsGolS1 LsGolS2
GolS
(Fig- 1)
Fig.1 GolS
LsVPE
340 1281 bp
DDBJ LC385743
(Fig. 1-2) LsWPE
VPE
(Fig. 1-3)
LSVPE VPE
AtVPE4—1
AtVPE4-2
NbOVPE—1a
CsVPE
AtVPE3
AtVPET
LsVPE
AtVPEZ
LeVPE
NbOVPE—-1b
Fig.2 VPE
GolS2
E. coli DH5a / pCold TF / LsGolS2
His-Tag
LsGolS2
SDS-PAGE (Fig 3)
96 kDa
Factor Xa
LsGolS2 39
kDa TF 57 kDa
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Fig. 3 SDS-PAGE.
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Fig. 4 HPLC
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DNA
PCR
(Fig. 5)
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Fig. 5 DNA
PCR
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