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Identification of the regulation elements in heat-inducible
Lehsp23.8 promoter
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Abstract: The promoter of mitochondria-localized small heat shock protein gene in Lycopersicon esculentum (Lehsp23.8) is
characterized as strongly heat-inducible. In this study, to determine how the expression of Lehsp23.8 is regulated, we conducted five
expression vectors carrying the gus gene driven by the 5’ deletion products of the Lehsp23.8 promoter. The corresponding transgenic
tobacco plants were generated via Agrobacterium tumefaciens-mediated transformation. Transgenic plants were identified by PCR
and Southern blotting analysis. GUS activities under heat-shock conditions were characterized in transgenic tobacco plants. After
heat shock, obvious GUS staining was detected in the leaves, shoots, roots, flowers and fruits of the transgenic tobacco plants. The
result of fluorometric GUS assays in leaves showed that the heat-induced GUS activity of the 565 bp promoter was the strongest,
while that of the 255 bp promoter was the lowest. Deletion analysis shows that the smallest promoter fragment (-255 bp to —23 bp) is
sufficient for heat induction. It also indicates that the sequences between —255 bp and —565 bp serve as enhancers, while the

sequences between —565 bp and —871 bp can repress the heat-induced activity of the Lehsp23.8 promoter.
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, mRNA XL1-Blue, LBA4404
, pBI101 pBII21,
(Heat shock protein, Hsp) ! 113
DNA T4 DNA
s DNA Marker(DL 2000) DNA
Z1 hsp ( )
DNA s (Heat shock element, (TaKaRa); INTP X-Gluc 4-MU 4-MUG ,
HSE), HSE 5'nGAAn3'P!,
HSE 5'aGAAg3’" HSE 1.1.4 PCR
TATA HSE TATA HSE TATA
20 bp 2 HSE , 1
, HSE,
HSE [4] %1 PCR#E514F7)
(Heat shock factor, HSF) Table 1  Primer sequences used for the PCR amplification
Primers Primer sequences (5'~3')
’ HSF , M4 AGAGGATCCAATAACTTGCCGATTGAG
HSE ’ ’ , T3Sal ATTGTCGACAATTAACCCTCACTAAAGGG
Hsp (561 HSF TMP/F1 CTAGTCGACATCATCTAGTTACTCTGG
[4] . HSF TMP/F2 ATCGTCGACCCTTTTTGTAGGAACTTG
: , HSF TMP/F3 TAAGTCGACGTTTCTCGTGTTGGATCG
HSF HSE , TMP/F4 TAAGTCGACAAACCCAGAAGCGTTATG
HSE [1.3] GUS/F TCGATAACGTGCTGATGGTGC
(LeHsp23.8) GUS/R ACCGAAGTTCATGCCAGTCCAG
(7 Lehsp23.8 , 12 SRS
Lehsp23.8 , 1.2.1 Lehsp23.8 gus
(8]
> Lehsp23.8 TMP
5' , T3sal M4 TMP/F1 M4 TMP/F2
5 Lehsp23.8 5'- ; M4 TMP/F3 M4 TMP/F4 M4
, gus (-1915~-23 bp; —1327~-23 bp; —871~ 23
> bp; —565~-23 bp; —255~-23 bp; ATG
Lehsp23.8 )y Sal] BamH I
. PN : pBI101 :
1 ERAM AT * Lehsp23.8 s
1.1 w8 , pTMP pFl pF2 pF3
111 pF4 Sall BamHI
K;,s(Nicotiana tabacum L. c.v. K3y)
1.2.2
1.1.2
(E. coli) LBA4404, 91 K326,
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, pBI101  pBI121
1.2.3 PCR  Southern
CTAB
DNA, GUS/F  GUS/R
PCR PCR 1 94°C 5 min;
94°C 30s, 55.5°C 60 s, 72°C 90 s, 35
; 72°C 10 min 864 bp
) GUS
Southern 10 pg
DNA, Hind III R 0.8%
5 V/em 0.5xTBE 10~
12h GUS/F  GUS/R gus 864 bp
, PCR ,
a->*P-dCTP , 65°C (
: 0.5 mol/L , 7% SDS, 10 mmol/L
EDTA, 100 pg/mL DNA), 65°C

4xSSC/0.1% SDS 2xSSC/0.1% SDS  1xSSC/ 0.1%

SDS , 10~15 min, X
1.2.4 GUS
GUS Jefferson '
25d T,
39°C 3h X-gluc
(50 mmol/L , pH 7.0; 0.5 mmol/L

K3[Fe(CN)g]; 0.5 mmol/L  K4[Fe(CN)4]-3H,0;
10 mmol/L EDTA; 0.1%Triton X-100; 2 mmol/L X-gluc)

, , 37°C 16 h 70%
GUS [10] 0.1g
, 400 pL (0.05 mol/L
pH 7.0 , 10 mmol/L pB- ,

1 mmol/L Na,EDTA, 0.1% Triton X-100, 0.1% Sarcosyl)

4°C 12 000 r/min 10 min
GUS 1 mL
( 1 mmol/L 4-MUG) 50 uL
, , 37°C lh 100 uL
900 pL 0.2 mol/L Na,CO, , FL-2500

Ex365 nm/Em455 nm
Bradford - Gus
pmol 4-MU/min/mg protein
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Fig. 1 Schematic structure of gus chimeric genes under the
control of various fragments of the Lehsp23.8 promoter (A) and
the identification of the recombinant plasmids (B). M: DNA
marker (DL 2000); The vectors pTMP, pF1, pF2, pF3, pF4 and
pBI101 (negative control, lane 7) were digested with Sal T and
BamH I restriction enzymes. The 1915 bp of full-length
Lehsp23.8 promoter (Lane 2), the 1327 bp, the 871 bp, the
565 bp and the 255 bp of deletion products (Lane 3-6) were
gained after digested respectively.

2.2 BAREHE Lehsp23.8 BahFitERFHEER
x5

Lehsp23.8 gus (pTMP pF1 pF2
pF3 pF4)
30 ( 2
gus PCR
, 864 bp



829

Lehsp23.8
¢ 3,
, pTMP
pF1 pF2 pF3 pF4 ,
2 PCR
DNA, Hind III Southern
, pBI101
a-*P gus
) > gus
( 4,

(23 49 10 12),
( 56 7 8 11)

B2 #ARKERBH:TF  .GUSHEERBEMRIEEF(A)
R HER/NE (B)

Fig. 2 Resistant shoots (A) and seedlings (B) of tobacco plants
transformed with the different length promoter fragaments::GUS
chimeric genes.

M 1 2 3 4 56 7 8 910 11 1213 14

El3 AFEKE Lehsp23.8 B#I TEBDFEFEE PCR £
EER
Fig. 3

containing the different length promoter fragaments::GUS
chimeric genes. M: DNA marker (DL 2000); 1: pBI101 plasmid;
2-13: independent transformed tobacco plants; 14:
untransformed plant.

PCR analysis of partial transgenic tobacco lines

23 EBAEHKE Lehsp23.8 B FREEEMEER

GUS ARk 24
PCR GUS
GUS GUS
: 26°C
GUS ( 5A B 0
, (7 d ) GUS
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Fig. 4 Southern blotting analysis of some of the transgenic
tobacco lines. 1: untransformed plant; 2,3: independent
transformed tobacco plants of pTMP; 4,5: independent
transformed tobacco plants of pF1; 6,7: independent transformed
tobacco plants of pF2; 8,9: independent transformed tobacco
plants of pF3; 10,11: independent transformed tobacco plants of
pF4; 12: pBI101 transformed tobacco plant.
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Fig. 5 Histochemical localization of GUS activity in the
seedlings, flowers and fruits of transgenic tobacco lines. (A)
Non-treated 25 d old transgenic seedling. (B) Non-treated
flower. C: non-treated fruit. (D, G, H, M, N) Heat-shocked 25 d
old transgenic seedling of pTMP, pF1, pF2, pF3 and pF4. (E, I,
J, O, P) Heat-shocked flowers of pTMP, pF1, pF2, pF3 and pF4
transgenic plants. (F, K, L Q, R) Heat-shocked fruits of pTMP,
pF1, pF2, pF3 and pF4 transgenic plants.
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Fig. 6 GUS activity in tobacco plants transformed with the
different length Lehsp23.8 promoter responding to heat stress.
Transgenic plants (pTMP, pF1, pF2, pF3, pF4, pBI101, pBI121)
were subjected to heat treatments. Fluorometric GUS assays of
leaves from each plant were performed in triplicate and mean
values were calculated for each treatment. Errors bars represent
the standard deviations of about 30 independent transgenic
tobacco lines.
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