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Cloning and Functional Analysis of a Multiple Stress-inducible

LeMTshsp Promoter from Tomato ( Lycopersicon esculentum)

YI Shu-Ying, SUN Ai-Qing, ZHAO Chun-Mei, LIU Jian™
( College of Life Sdences, Shandong Normal Universty, Jnan 250014, China)

Abstract: Based on the Southern blot andyss reaults, the Kpn and EcoR  restriction enzymes were selected to digest
the genomic DNA o a cultivar of tomato ( Lycgperdcon esculentum Mill . CV . zhongshu 4) . The 3 kb bands of the digested
genomic DNA were inserted into the pBS KS ( + ) vector . As a result, a plasmid library was generated containing about
2 kb of the 5 -flanking sequence of the mitochondria-locdized amall heat shock pratein gene (LeMTshsp) . A 1915 bp of the
5 -flanking region of LeMTshsp was isolated fran the plasmid library by nested PCR ( GenBank accession number
AB239774) . The 5 -flarking region of LeMTshsp contains putative TATA box, CAAT bax, atotd of six HSEs and severd
AT-rich regions . Additiondly, there are same transcription factor binding matifs related to stress response, such as ABA-
respongdve element [ ABRE], C-repeat DRE and activating protein binding stes [ AP-1] . Electrogphoress mability shift
assay (BEMSA) showed that the purified HSFA2 protein bound specificaly to HSEs of the LeMTshsp promoter in vitro, and
bound strongly to the proximal five HSEs than to the digal HSE . The fusion construction of LeMTshgp promater- gus (3 -glu-
curonidase) was introduced into tomato usng an Agrabacterium -medi ated transformation . The resistant transgenic plants
were sdected on the MS medium containing 50 mg/L kanamicin. RCR analysis showed that the chimeric gus gene was inte-
gated into the tamato genome . By usng the gus reporter gene sysem, the LeMTshg pranoter dynamics was explored un-
der stress conditions . After heat, cold, exagenous ABA and heawy metd (Cd™ , o™, Po™" or zn™" ) trestments, GUS
staining was detected in the leaves and roots of tranggenic tomato plants . The activity of the LeMTshg promoter under hest
shock conditions was comparable to that of the constitutive CaMV35S pranoter . All these results show that the LeMTshep
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promoter is a promoter responding to heat, cold, exogenous ABA and heay metds .
Key words: Tomato; Mitochondrialocaized shgp; Promoter; Sress; Clone

, 35S ( CaMV35S)
( Actl)
( Ubil)

(Huang , 2001; , 1998),

(Kasuga , 1999)

(Kasuga , 1999)
(heat shock protein, HSP)

(sHSP), 15
50 kD (mitochon-
dria-localized SHSP, LeMTsHSP)
: LeMTsHSP
( LeMTshy) : (Liu
and Shono, 2001; Sabehat , 1996) (Liu

and Shono, 2001)

LeMTshs: : GUS :

, ABA

1
1.1 Southern
( Lycoperscon eulentum Mill ) “ 4

DNA (Ddlaporta

1983) , LeMTshsp cDNA EcoR
BamH Byl Kpn Pg Sac Fe
Xba Xho DNA ,
EoR Hind DNA LeMT-
i ,  a-2P-dCTP , 65
( : 0.5mol/L , 1%

DS, 10 mmol/L EDTA, 100 pg/mL DNA) ,
650 0O 4x SSC/0.1% SDSO 2x SSC/0.1% SDS O 1x SSC/ /

0.1% DS : 10 15min, X
1.2
Kpn EcoR DNA
: 3 kb
pBS KS (+) ,
DH%x , : : LeMTshsp cDNA

( . 5 -CATGATGGATCAAATGATGG-
3 : 5 -TCCACAACAACCTATCTAAG-3 )
PCR : :
LeMTsh9 2kb pBS
KS (+) LeMTshsp cDNA

PCR pBS KS (+)

M13 RV (5 -CAGGAAACAGCTATGAG-3)  LeMTssp
MT Rl (5 -TCCACAACAACCTATCTAAG-3 ) PCR

. PCR 1000 ,

T3 (5-AATTAACCCTCACTAAAGGG3 ) M1
(5 -CTGGTCATAAGCTGTCATCTG-3 ) PCR

2 kb PCR PGEM-T

LeMTshsp 5

1.3
HsfA2 cDNA PET-27b ( +)

HindO /XhoO , E.odi BL21 HsfA2-His6

PBS
(10 mmol/L Tris, pH 7.9; 50 mmol/L’
NaCl; 1mmol/L EDTA; O0.5mmol/LDTT; 5% )

PCR HSEL-5 163bp  LeMTshy
( ATG -8 -20) HSE6 152
bp ( ATG 82 -983),

. HSE1-5/F (5-CAGAAGCTTIATGTAIATTGTCIAC -
3) HSEI-5/R (5-TGGAAGCTTAGAATGTGATGCTTGG -3 )
HSEG6/F (5 -TGAAGCTTCCAGGTCTCATTCTTG-3)  HSE6/R (5 -
CTGAAGCTTCTAGTCATATCACG -3 ) Hind
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: Tag DNA 72 20 min 3 a- EwR LeMTshsp cDNA
P dCTP
Mosser  (1988) ’ , EoR PBS KS (+) 8
Sug 10ug HSA2 0.5 ng DNA Southern
HSE1-5 HSE6 , Kpn EcOR
100 (50 ng)
DNA 3 kb, 2 kb
(26 ) ( 1
1h 5% , ' ’
0.5x TBE 4) » Hind
1.4 LeMTshg:: GUS LeMTshep cDNA (1 10).
LeMTshsp , PCR : LeMTsh
1.9kb  DNA ( 5 -ATTGTCGACAAT- ATG 201 bp 245 bp
TAACOCTCACTAAAGGG-3 5 -AGAGGATCCAATAACTT- )
GCCGATTGAG-3) , Sl BamH 2.2 LeMTshsp
, pBI101 , LeMTsh-
$:: GUS , GUS i
LeMTshe
LBA4404, “ 4
” (Hosters , 1978), oo —
,  pBl121 7500 —
SO0 —
1.5
DNA, GUS
5 -TCGATAACGTGCTGATGGTGC-3 5 -AC- 2500 —
CGAAGITCATGCCAGTCCAG-3 PCR 864 hp
1.6
T1 26
39 3h 2 1000 —
448 h GUS ; ABA
0.10 mmol/L O ABA 0.2
mmol/L0 CdCl,, CuSO:, Pb (CH:C00),, ZnSD: 26
6 h GUS ABA Pb
(CH, C00), GUS
1.7 GUS 1 Southern
10ug DNA EcoR , Hind EcoR
s Jefferon (1987) 1. EoR ; 2. BamHO/EcoRO ; 3. BgiOO//
X-Glue (%0 EoR ; 4. KpnO/EcoRO ; 5. Pst0/EcoRD ; 6. SacO /EcoR
mmol/L , pH 7.0; 0.5mmol/L Ks [Fe . 7. Spell /EcoRO ; 8. Xball /EcoRO ; 9. XhoO /EcoRO ;

(CN)s]; 0.5mmol/LK; [Fe (CN)s] . 3H.O; 10 mmol/L

EDTA; 0.1% Triton X-100; 2 mmol/L X-guc)  1.5ml
, , 37 16 h 70% ,

2.1 LeMTshsp

10 . Hind DL15000 DNA marker
Fig . 1 The result of Southern hybridization
The genomic DNA (10pg) was digested with EcoR , Hind , or
double digested with EcoR  and various regtriction enzymes . 1 . EcoR
7 2. BamHUO/EcoR O ; 3. BgiO/EcoRO ; 4. Kpn(O/EcoR
v 7. Spell /EcoRO

; 10. Hind . The l&t

;5. Pst0 /EcoRO
8 . Xball /EcoR[O

7 6. SacO/EcoRO
;9. Xho /EcoRO
numbers represent DL15000 DNA marker .
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1915 bp PlantCARE ( http:// gbhinx.rug.ac. be: HSE1 (TITCTCGAGTCITTTTITCCCCITCT)

8080/PlantCARE)] TRANSFAC - 154 bp HSE2 ( TGATGCITCT) HSE3

LeMTh : ( ATTCTGGAACATTCT) HSE4 ( CITCACGCAT)

( 2) TATA  box HSES (CITCTAGAAG) - 222 bp - 160

(TATAAA ) ATG - 111 bp, bp HSE6 (CITCATGAAT)

CAAT bax -418 bp TATA b 5 AT- -888bp LeMTshy HSEs

rich (93%) -301 -36  -435 -497 : ABA

-591 bp AT -rich (92%) ABRE, C-repeat_ DRE, activating pro-
-1600 bp LeMTehs 6 HEs, tein 1 (AP-1) GenBank

5-nGAAn3 (Amn , 1983) AB239774

GGTACGCAAAA CTTCCTGATT TCCTTTCTTG TAGAATGAGG GCAATGACCA GTTGGCCTTC CTCTTTTACT TCCGCCTTTTT ACCCTAAAAC TCAAATTAGT
GTGCATATTA GTGCACRCTTT TTGGTCCTAT TTTGGGTAGG TGRETGCTAG ATTTGTACTA CCATCTCACT TCTCTTATAC ATTTTACTCD TTTTTCAAAA
CCAAAAAAGG TGAAATACCT GACTTAACTA CAGGATG TAA ATTTAAAAAT GTTTIGGTGT ATGAGGCAGT GATACTGGTG TCTTAGTTGA CATAGCGCTA
AP-1
GCCAGGTTAT TTTCACCTTT TGCTTTGTTA AA4AGTTAAT GAACAALRGEA GTCATGTATG TGTTTGTCEE TTAAGCATCA GTCAGACGAS AGCACTTCTT
C-repeat_DRE  AP-1
AAGETTTGTG GTTGCATTAT GTTATGTCTA CTAAGAACAA ATTAGAGAAG GARACGTAAG GATTAARATT CCCGATTGGEE TTTCCAATTG GATTACTTGE
TTCAACTATG TTCCOCCTTE TTCAGCAAAS GCTTTTOTGT TTCOGGTTTEC CTAATTTTCE CACTTCTGREA AATGGACACT TACTATTTAT CATCTAGTTA
CTCTGGTTTT ATGACCTTCOT AGATTCCTTT GATCTTTTGA TGCTTAGAGT TACAGACTCG ATCTATAAAT ATGTCCAAAA GGATATATAG GCOTGCTTTC
TTATTGCAGT TGATATGACT AAACAGAACT TTGTARATTT CAGGCAAAAT CGGTTATTTC CAGATTGETG GCTGAARAGG CTGCTGCCCT TCAGCAGAGC
AACAAACTTC GTCAAGAGCT GGTGAGCTTT TATCTTTETT TCTTTGATTT CTTTTTCATG TAGCCTAAAA TTCCAACGCT TTTCTGTCAT TCTTTCCCAT

CTTTGGTTTT GYTTTTCTTT TCTCCTGATT AGTCCAGGTC TCATTCTTGT GG FTAAAACT TTAAACAATG TCTGTCTCTC AACAGTTTGE GTCTGACTGT

TTGTTATCCT TTAGTCACAA TEGT{:TAETT TCAT GAATCCTTTT TGTAGGAACT TGTAAAACGT GATATGACTA GAAGTCGCAG AGGTGGRGTT
HSEG AP-1 ABRE

TCCTTCATCC CTGTCGTCGT GGTTGGCTTG CTGGGAATAC TTTTGGGATA CATTCTCAAA AGGTCATGAG CATTCATCAT TTTACATCTG TATCTCAACT
CAACAGAATT GATCAGTGAA AGAAAAGAGA TTGTAGCCGG TGATAGCAGC AATTCTCACA TTGTCTTAGT TAGCTGCAGC CTTTAGTAGG AAARAATTGT
GOAGCTAGAA CCTTTCAATT GGCCTATATT ATAATTTTAT ATAACTTGTA GTTTCTCGTG TTGGATCGTA AATTGACTTT TTGTTTCTAC TTTCTGTAAA
TATGAACGAG CTTTTTCGAA TATTTCAAAT ATAATGGTTC AARATCGTAG TTAATCGAAG CATTTGATAA TGCTAGGTAG AATAAAATCT AAAAAGT C44
CAAT-box
TTATCGTAAA GBGCGAANGA AGAATGACTA TTTTTTGCTG TAGTTAAGGG ACAAGTTAGA TTTAAATTTT TAAGACGTAT CGACATCTTG TTCACGTTAA
GTTTCACTTA TTTGATAAAA AATAATTGAA TAAAAGTTAA GGACATAATA GTAATTTGAA AAACCCAGAA GCGTTATGTA TATTGTCTAC TAGOTTOTAY
HSES
E,hm;rdrm AGGCATCOTE ACGOCACANT TOTGGANCAT TGTACATIGATISOT TGTAAAA GTITTCTCEAG TATTTTTTTCLCATTOTCOA AGTCAGTAAL
HSE4 HSE3 HSE2 HSE1
GAMA TATAAA ACCCAAGCAT CACATTCTCA TTTTCCATTC TTATCCAACA AAMAMAATCA CAACGTGAAG CTTTACTCAA TCGGCAAGTT ATTCAGAAAT
TATA-box
CTTTTGGTAT CAGAAATGGC AACTCTTGCT CTAAGGAGGG CCACCGCCTC ATCACTATTC AACAGGCTCG TCAATCCTGT TCGTTCTGCA TCTGCTTTCC
GTTCATTCAA TACTAACACT CAGATGACAG CTTATGACCA G

2 LeMTshsp
TATA CAAT , HSE AP-1 ABRE C-repeat_ DRE
HSE GAA/TTC , AT-rich ATG
Fig. 2 Seguence analysis of LeMTshsp promoter in tomato
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The putative TATA box and CAAT box are shown in italic letters with underlining . Putative transcriptiond cis sequences (HSE, activating protein 1

[AP-1] , ABA-responsve element [ ABRE], C-repeat_DRE) are indicated with underlining . Rectangular frames designate matches to the core

oonsensus GAA/TTC. The putative AT-rich regions are shown in italic and bold letters, and the ATG start codon is shown in bold letters .


bianji
文本框
( http://


bianji
文本框
8080/PlantCARE)及



bianji
文本框
GAA/TTC



bianji
文本框
GAA/TTC




2 227
HSE -5 HSER 2.3
HefA2 _ _
HS- H3E
HsfA2 ,
— -—d - = (Pot , 2004)
LeMTShe HE
HS- : HSEI-5
HSEG
3 , HEA2-His6 LeMT-
SaR0) HSE ,
DNA- , HsfA2
: DNA-
( 3, 2-3, 5-6) HsfA2
100 ( HSEL - 5
HSE6 ) ( 3,
1 4, HSfA2 LeMTahsp
HSE TATA-box
HSE1-5 HSEG
3 2.4 LeMTshsp:: GUS
LeMTshg HSE (0.5ng HSEL-5
HSE6 ) HSA2 (5pg 10 LeMTshyp ,
ug) , 100 (50 ng) LeMTshs: : GUS ( 4),
HSE1-5 HSE6 ( 1 4) 2, 3. HSE1- ’ 12
5 5ug 10pg HSA2 ; 5, 6.
HSE6 5ug 10pg HsfA2 DNA, GUS
HSA2: : DNA PCR !
Fig .3 The result of dectrophoresis mobility shift assay 864 bp ,
Labeled HSE fragments (0. 5ng of promoter fragment HSE1-5 or HSEG) of ( 5) GUS
the LeMTshsp promoter were incubated with increasing amounts of the pu-
rified HsfA2 (5pgand 10 . As a specific compdtitor (in Lane 1 and
4), a 100—fd( difcess (SOUnZ;)) of unIabZIed prorthr fragrﬁent HSE1-5 or 2.5 ABA
HSE6 were used . Lanes 2 to 3, the labeled fragments HSE1-5 were in- GUS
cubated with increasing amounts of the purified HA2 protein (5ug and LeMTShS)
10p g, respectively) . Lanes 5 to 6, the labded fragments HSE6 were ’ ABA
incubaed with increasing amounts of the purified HsfA2 praein (5ug and GUS
10p g, reypectively) . The arrow points to the specfic HEA2: : DNA 6 ’
canplexes mentioned in the text .
Ferl Sph ] Himd 111 Sal BamH 1 Sma 1 Nae 1 Feokl 1
| g N
* NOS-Pro | NPT II (KanR) | NOS-ter [| MT shsp-Pro 8 -Glucuronidaze { GUS ) NOS-ter _‘
I |
KB AT TA LH

4 LeMTshep: : GUS
Fig . 4 Diagram of the plant expression vector LeMTshsp: @ GUS
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M 1 2 3 4 5 &6 7 & 9 10 I 12 13 <k 39 )
GUS , pBl1121
— O e e ) W vy e W WY o ( CaMV3BS GUS ) ; 2
- T — . [ ]
- - @ = md GUS  ; 0.10mmol/L ABA
2+
> PCR 2+ 2+ GlZJ-i-S ’ Oj
M . DL2000 DNA marker; 1. ; 2 13. Cu Po Zn !
; ck . GUS
Fig. 5 PCR analyss of transgenic tomato plants . LeMTshe
M . DL2000 DNA marker; 1 . Positive control, plasmid; 2-13 . Trans- ABA

genic tamato plants; o . Negative cortrd, untransormed tamato plant .

6 GUS
A . pBl121 GUS ; B-H, , LeMTshgp:: GUS GUS . B.
0 3h ;. C.2 48 h ; D.0.10mmol/L  ABA 6h ; E-H.
c* (E) Cu (F) P (G) Zet (H) | . pBl121 GUS : JN .
, LeMTshsp: : GUS GUS ] . K .39 3h ;L.
2 48 h ; M . 0.10 mmol/L ABA ;N . 0.20 mmol/L Po?*

Fig . 6 GUS daining in transggenic tomato leaves and roots &ter various stress treatments
A . GUS activity in pBl121transgenic tomato leaves at normal temperature . B-H . GUS activity in LeMTshsp: : GUS transgenic tomato |eaves after various
stress treatments: B . Leaves at normal temperature or heated & 39 for 3h; C . Leaves treated at 2 for 48 h; D . Leaves treated at 0.10 mmol/L
ABA for6 h; E-H . Leavestreated by Cd®* (E), Cu” (F), Pb®* (G) or Zn®* (H) respectively . | . GUS activity in pBl121transgenic tomato roots
a normd temperature . J-N . GUS adtivity in LeMTshsp: : GUS transgenic tomato roots after various stress treaments: J . Roots at normal temperature;
K . Roots heaed at39 for 3h; L . Rootstreatedat 2 for 48 h; M . Rootstreated by 0. 10mmol/L ABA; N . Roots treated by 0.20 mmol/L Pb?* .
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3 HSF3 (Rga , 1999)
AP-1 Cd
(Wu, 199%) (Alam, 1994) , , Cu
HS- HSE CUP1
., HSE B -nGAAN-3 HSE (Pena , 1998)
(Amin, 1988) HSF HSE , h970 Cd
, nGAAN HSF (Saydan
HSF LeMTshsp 2003) HSE
1915 bp , ( C-repeat . DRE, ABA
5UTR , RantCARE  TRANSFAC ABRE, activating protein 1 [ AP-1]) LeMTsh
TATA box ABA
CAAT box 6 HSE ,
5 TATA box (-128bp -222 , (
bp) , 1 TATA box , ,
, HsfA2 HSE )
: HSEL-5 HSEG ABA
AT- LeMTshgp
rich (Raschke , 1988) , : Gm , ,
Hgl7.3-B AT-rich  (-8lbp - , ,
306 bp) (Baumann ,
1987) LeMTshyp AT-rich (- ,
1915bp - 280 bp), AT-rich
Liu and Shono (2001)
Northern , LeMTsh9 4
: AlamJ, 1994 . Multiple elements within the 5 digal enhancer of the
’ Sabehat (1996) ’ mouse heme axygenase-1 gene mediate induction by heavy meals
ISP | [J] . JBid Chem, 269 (40): 25049— 25056
Amin J, Ananthan J, Voellmy R, 1988 . Key features of heat-shock regu-
Lel\/ITshsp GUs latory elements [J] . Mol Cdl Biol, 8 (9): 3761—3769
) GUS ) Baumann G, Raschke E, Bevan M & al . 1987 . Functional analyss of
, CaMV35S sequences required for transcriptional activation of a soybean heat
(Neven ’ shock gene in transgenic tobacco plants [J] . EMBO J, 6 (5):
1992; Krisna , 1995; Sabehat , 1998) HE1—1160
’ Liu and Shoro (2001) | Coca MA, Almaguera C, Thom'asTL et al .19?6 . Differential reg-ulation
of anall hea-shock genesin plants: analyss o a water-stress-induc-
LdVITShSp 6 ’ 2 ible and devdopmentally activated sunflowver promater [J] . Plant
, : 2 Mol Biol, 31 (4): 863—876
GUS , ABA (Sngla and Ddlaporta S., Wood J, Hicks JB, 1983 . A plant DNA minipreparaion:
Grover, 1993: Coca , 1996) (WO||- verson Il [J] . Plant Mol Biol Rep, 1 (4): 19—21
gi ehn and Neumnann, 1999) Holsters'M, de Waele D', anicker.A, 1978 . Trandection and trandor-
ABA mation of Agrobacterium tumefadens [J] . Md Gen Genret, 163 (2):
! ! 181—187
GUS Huang N, Wu L, Nandi S e al . 2001 . The tissue-specific activity of a

, HaHspl7.7G4 ABA

rice beta-glucanase promater (Gns9) is used to select rice transfor-
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mants [J] . Plant Sd, 161 (3): 589—595
Jdferson RA, Kavanagh TA, Bevan MW, 1987 . GUS fusions: [3-d ucu-
ronidase as a sensitive and versatile gene fusion marker in higher plants
[J] . EMBO J, 6 (13): 3901—3907
Kasuga M, Liu Q, Miura$S e al . 1999 . Improving plant drought, salt,
and freezing tolerance by gene transfer of a dngle sressinducible
transcription factor [J] . Nat Biatechnol, 17 (3): 287—291
Krishma P, Sacoo M, Cherutti FF e al . 1995 . Cold-induced accumula-
tion of hgp90 transcripts in Brassca napus [J] . Plant Physiol, 107

(3): 915—923

Li YK ( ), Wag JF ( ), 1998 . Advances of the studies
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