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Objectives

Heat stress is one of the most significant constraints on crop production. Under heat stress, synthesis of most 

proteins is repressed and some proteins, which are called heat shock proteins (HSPs), begin to be synthesized. 

Accumulation of sHSP in mitochondria (MT-sHSP) under heat stress has recently been reported in a number of 

plant species, but little is known about the cellular functions of MT-sHSP in the heat tolerance of plants.

The aim of this study was to clone MT-sHSP cDNA from tomato (Lycopersicon esculentum Mill.) leaves, 

evaluate the transcription of the MT-sHSP gene at various temperatures, and assay the molecular chaperone 

activity of MT-sHSP in vitro. 

Results

A full-length cDNA (LeHSP23.8: accession number AB017134) encoding the precursor of the MT-sHSP in 

tomato was successfully cloned. The deduced protein precursor, had a calculated molecular weight of 23.8 kDa.

A single copy of LeHSP23.8 was found in tomato genomic DNA through Southern-blot analysis.

Northern blot analysis revealed the heat-inducible character of LeHSP23.8 mRNA. The threshold 

temperature was approximately 36�, and it was accumulated abundantly at 40� in tomato leaves (Fig. 1). Among 

the MT-, ER-, Class I and Class II-sHSP genes, MT-sHSP mRNA responded most quickly at 40°C in tomato 

flowers (Fig. 2). 

The molecular chaperone function of LeHSP23.8 was demonstrated in vitro. When the recombinant 

LeHSP23.8 was mixed with CS denatured by guanidine hydrochloride, 40% of the native CS activity was 

recovered after one hour of incubation (Fig. 3A). In another experiment, recombinant LeHSP23.8 protected CS 

from thermal inactivation and also promoted the renaturation of thermally inactivated CS. The loss of CS activity 

was relatively slow when CS was incubated with recombinant LeHSP23.8 at 38� . Furthermore, when the 

incubation temperature was shifted to 22�, rapid renaturation of thermal-denatured CS was observed within 10 

minutes, and 90% of CS activity was recovered (Fig. 3B).
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Fig. 1. Northern-blot analysis of temperature-dependent 
LeHSP23.8 mRNA accumulation in tomato leaves. 
Tomato plants were grown in greenhouse conditions 
at 25� and treated at 28�, 32�, 36� or 40 � for two 
hours.

Fig. 2. Northern-blot analysis of heat-induction time course 
for sHSP genes in tomato flowers. Tomato plants 
grown under greenhouse conditions were transferred 
to the growth chamber on the day of flowering, and 
then incubated at 25� or 40�. The flowers were 
collected 0 min to 48 hours after the incubation. 
Panels MT, ER, Class I and Class II show the 
expression of the genes for MT-, ER-, Class I- and 
Class II-sHSP, respectively.

Fig. 3. (A) Effects of LeHSP23.8 protein on the renaturation of chemically denatured citrate synthase (CS). CS 
(15μM) was denatured in 6 M guanidine hydrochloride for 120 minutes and then diluted 100-fold into a 
solution supplemented with 150 nM lysozyme (■ ) or with 1.8 μm recombinant LeHSP23.8 (● ).

 (B) Effects of recombinant LeHSP23.8 on the thermal inactivation of CS. CS (150 nM) was incubated in 
the presence of 150 nM lysozyme (■ ) or 1.8 μm recombinant LeHSP23.8 (● ) at 38� for 60 minutes 
and then at 22�.
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