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Molecular Cloning of Tomato LeHsp110/CIlpB Gene and
its Effect on the Thermotolerance in Plant
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Abstract The heat shock protein ClpB is a member of the Clp family and functions as molecular chaperones. ClpB is related to
the acquired thermotolerance in organisms. A cDNA of 3144 bp was screened out of a tomato ¢cDNA library. The polypeptide
deduced from the longest ORF contains 980 amino acid residues and was classified into HSP100/ClpB family based on the result
of molecular phylogenesis analysis. Thus it was named as LeHSP110/ClpB according to its calculated molecular weight.
LeHSP110/ ClpB  was characteristic of heat-inducibility but no constitutive expression and was demonstrated to locate in
chloroplastic stroma. An antisense ¢cDNA fragment of LeHsp110/ ClpB under the control of CaMV 35S promoter was introduced
into tomato by Agrobacterium tumefactions-mediated method. At high temperature the mRNA levels of LeHsp110/ ClpB in
antisense transgenic plants were lower than those in control plants. The PSI[ of transgenic plants is more sensitive to high
temperature than that of control plants according to data of Fv/Fm. These results clearly showed that HSP110/ClpB plays an

important role in thermotolerance of high plants.
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PCR 1
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Table 1 Primer sequences used for the PCR amplification

Construct Primer Sequence

5'-CAAGGAATCCTTGCATCGCCAG-3’

A 5'-TCCCTCGAGGATCTTGATCAATAAC-3’
B 5'-AATTAACCCTCACTAAAGGG-3’
5'-TCTGGATCCGCAACAATTGCTTG-3’
C 5'-TAGTAGTAGCTCTTGTATCT-3'
5'-TAAGAGCTCTCACTATAGGGC-3’
D 5'-TGGATCCGCAACAATTGCTTG-3’
5'-TAAGAGCTCTCACTATAGGGC-3"
1.2
1.2.1 Hsp110/ ClpB
cDNA B 1000 EST 1
Hsp110/ClpB ~ ¢DNA 2310 bp
¢cDNA 5" 800 bp DNA cDNA
Hsp110/ ClpB ¢DNA
LeHsp110/ ClpB  GenBank AB219939
1.2.2 Southern  Northern
DNA "
EcoR1 EecoR V Hind 1
LeHsp 110/ ClpB 5" 795 bp DNA
5"UTR
Hsp 100/ ClpB o P-
dCTP 65 C
0.5 mol/L 7% SDS
10 mmol/LL EDTA 100 pg/mL DNA
65 C  4xSSC/0.1% SDS 2
x SSC/0.1% SDS 1 x SSC/0.1% SDS 10
~ 15 min X
RNA ” Southern
Northern
1.2.3 LeHsp110/ ClpB ¢DNA
PCR LeHsp110/ClpB~ C
HSP110/ClpB ~ Tle”  Pro™’ PCR
A PCR EcoR1  Xho 1
pGEX-6P-2 BL21 DE;
0. lmmol/L IPTG
S- GST Agarose
1.2.4 LeHSP110/ClpB Western

10 mmol/L Tris-HCI pH 8.0 1 mmol/L. PMSF
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SDS-PAGE
8% SDS-PAGE 2
Western 2.1 LeHsp110/ ClpB
5 24 h
6 LeHsp110/ ClpB ¢DNA 3144 bp
8% SDS-PAGE Western 2944 bp 980
blot 110 kD  TargetP
1.2.5 LeHSP110/ClpB 76
LeHsp110/ ClpB  ¢DNA PCR LeHsp110/
ClpB 1~ 330 bp DNA PCR B 97.2% Western-blotting
LeHsp110/ ClpB ¢DNA  5'UTR LeHSP110/
LeHsp110/ ClpB ClpB LeHSP110/CIpB
BamH [ 8% SDS-PAGE  LeHSP110/ClpB
pBlueScripters SK pBS- LeHSP110/ClpB 97
1 LeHsp110/ ClpB ¢DNA 3021 ~ 3144 bp kD 1 110 kD
PCR C LeHsp 110/ ClpB mRNA LeHSP110/CIpB
3'UTR PolyA Sac | 76
Xba | pBS-1 pBS-2 LeHSP110/ClpB
Sac 1 Kpn 1 pBS-2
pROK2 KD
LeHsp110/ ClpB CaMV 35S +
LeHsp110/ ClpB ¢DNA + LeHsp110/ClpB 3’
UTR RNA
LeHsp110/ ClpB
LBA4404
17
T1 50
pg/mL MS - 1 % oy
1.2.6
DNA D — 66
PCR 100 Southern
38 C 2h 1 LeHSP110/ClpB Western
RNA 1.2 Northern Fig. 1 Westem blotting analysis of LeHSP110/CIpB
1.2.7 I The plant proteins and prolfain markers lane M ‘were separated by 8%
SDS-PAGE and then subjected to Westem-blotting Lane 1-4 . The
plant proteins were extracted from leave treated at 38°C for 2 h lane 1
5 from purified chloroplast in normal tomato leaves grown at 28°C lane 2
from purified chloroplast in the tomato leaves treated at 38°C for 2 h lane
28 C 12 h 3 and from chloroplastic stroma from tomato leaves treated at 38°C for 2 h
30 min FMS2 Hansatech lane 4 respectively.
PS]l Psll 3 LeHsp110/ClpB
FJF,= F,-F, IF, F, 2 LeHsp110/ ClpB
F

m
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34 °C LeHSP110/ ClpB
40 C LeHSP110/ ClpB
3 LeHSP110/CipB

38 C

L — 72

— 2690

2 LeHsp110/ ClpB  Southern
Fig. 2 Southern hybridization analysis of LeHSP110/ ClpB
The genomic DNA  10pg  was digested with EcoR [ lane 1
lane 2 and EcoRV lane 3 .M is DNA marker.

Hind [l

LeHsp110/ ClpB~ mRNA
Fig. 3 The levels of mRNA and protein of LeHSP110/ ClpB
in tomato leaves after 2 h treatment at different

temperatures indicated in the figure
A rRNA B Northern hybridization C Western analysis of LeHSP110/
ClpB in purified chloroplast.

2.2 ClpB
17
14 7
T3 PCR  PCR-Southern
520 bp
DNA DNA
DNA 4
5 38 C 2 h
RNA Northern

TP2 T4 TP? TPIZ TPIY TPIT (K

4 LeHsp110/ ClpB
PCR-Southern B
Fig. 4 Identification of LeHSP110/ ClpB antisense
transgenic plants by PCR A and PCR-Southern
blotting analysis B
CK  non-transgenic plant TP transgenic plants M DI2000 DNA
marker TaKaRa .

PCR A

Transgenic Plants TP LeHsp110/ ClpB
mRNA TP1 TP2  TP7
LeHsp 110/ ClpB mRNA

5 Tp4  TP17 LeHsp110/ ClpB mRNA
RNA

LeHsp110/ ClpB
LeHsp110/ ClpB mRNA TP1 TP2

TP7 PSII

pROK 2
LeHsp110/ ClpB mRNA CK
LeHsp110/ ClpB mRNA

RNA

CETer e I ey o cIrlz Iy rey Ck VG

5 38%C 2h
LeHsp110/ ClpB mRNA
Fig. 5 The mRNA levels of LeHsp110/ ClpB in non-transgenic
and differential lines of transgenic tomato after
high temperature treatment at 38 °C for 2 h
A Northern blotting B rRNA CK

transgenic plants VC vector control.

non-transgenic plant TP

2.3 PST
F.IF,
Pl F, PSI
PSII
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28C
12h F./F F 0 Kb
vioom 0 Fig. 6 Effect of high temperature on F,/F,, of tomato leaves
F v/ F, 95% The real lines indicated that the control plants and antisense transgenic
FIF plants were treated at 38 °C for 2 h and shifted into growth chamber for
veoom 2 h with the different temperatures indicated on X aisx and then F,/F,,
87.9% 85.5% 90% 6 was measured. The dashed lines presented that the plants treated at 46°C
F 10.9% for 2 h were shifted into the growth chamber at 28°C for 12 h of recovery
0 and then F/F, was measured. The light density in growth was 2000
F, 47.9% 49.3% 55% Lux throughout the experiments.
7 PS | CK  Non-transgenic plant TP Transgenic plants VC Vector control.
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ClpB Fig. 7  Effect of high temperature on F
The experiment conditions were identical to those described in Fig 6.
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