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Abstract　[Objective] ThisstudywastorevealtheheatinducedexpressionmodelofRcLEAgeneanditstolerancetovariousabioticstresses.
[ Method] HeatresistantandheatsensitivevarietiesofRosahybridaL.weresubjectedtoheatshocktreatmentat38 ℃for3h;thenRcLEA
genefrombothvarietiestreatedwasclonedandtransformedintoEscherichiacolistrainBL21;finallyrecombinantcolonieswereseparatelycul-
turedat4℃ and50℃underthestressesofLiCl, NaCl, Na2CO3 , CdCl2 andH2O2tostudytheresponsesofrecombinantE.colistrainstohigh
temperature, lowtemperatureandsomeotherabioticstresses.[ Result] Afterheatshocktreatmentat38℃ for3h, RcLEAgeneexpressed
highlyin`Schlossmannieim' (SM)and`Lasvegas' (LV)variety, butweaklyorevennotexpressediǹ KordesPerfecta' (KP), indicatingthat
thisgeneiscloselyrelatedwithheatresistanceofR.hybrida.ComparedwithWTstrains, recombinantclonesshowedhighertolerancetoabiotic
stressesincludinghightemperature, lowtemperature, heavymetal, highsalt, highpHvalueandoxidation, suggestingthatRcLEAisconcerned
withtheresponseofR.hybridatoabioticstressesmentionedabove.[Conclusion] Theseresultsprovidethoughtsforincreasingheatresistance
byintroducingRcLEAintoheatsensitiveR.hybridavarietiesandstudyingtheheat-resistantmechanismofR.hybrida, andalsoprovidetheoreti-
calsupportforselectingheatresistantvarietyoflandscapeandornamentalplantslikeR.hybrida.
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　　Hightemperatureinsummerofteninfluencesthedifferen-
tiationofbudandaggravatesdiseaseandinsectdisasters,
severelyconditioningthegrowthanddevelopmentofRosahy-
bridaL.Lateembryogenesisabundant(LEA)proteinsarea
kindoffamilyproteinsthatwidelyexistinorganismsandisre-
latedwithosmoticregulation.WithregardtoLEAproteins,
thereareevidencesthattheyareabundantinplantembryos
atlategrowthstage, andRcLEAmRNAscouldlargelyaccu-
mulateinplantcellsunderenvironmentalstressessuchas
drought, lowtemperature, highsalt, ABA, ultravioletradiation
andNaHCO3

[ 1] ;moreover, inpossessionofhighhydrophily
andthermalstability, theycouldbeinwatersolublestatus
evenunderboilingcondition, functioninginstabilizingcell
membrane, molecularbarrier, ion bindingand antioxida-
tion[ 2].Andthereby, LEAproteinsareconsideredasoneof
theprotectivesubstancestoplantsduringstressprocess.

JIANGRuietal[ 3-4] extractedthesolubleproteinfromthe
tenderleavesofheatresistantR.hybridavariety`Schloss
mannieim' (SM)andheatsensitivevariety`KordesPerfec-
ta' (KP)bothsubjectedtoroomtemperatureand38 ℃ heat
shockfor3h, andbyemploying2 -Delectrophoresis, they
foundspecificallyexpressedproteinpointsfromSMafterheat
shock, andpresumedoneofwhichasLEAproteinaccording
topeptidemassspectrum analysisresults[ 5].Basedupon
theseevidences, weclonedcompleteLEAcDNAsequence
from R.hybridaandnamedasRcLEA, totally981 bpin
length, encoding326 aminoacidsandwiththemolecular
weightof36.1.Furthermore, westudiedheatinducedex-
pressionmodelofthisgeneinR.hybridaviatransgene, as
wellastheresponseofRcLEAtovariousabioticstresses.

MaterialsandMethods
Experimentalmaterials
Theexperimentalmaterialsaretwoyearsoldpotted

seedlingsofheatresistantR.hybridavarieties̀ Schlossman-
nieim' (SM)and̀ Lasvegas' (LV), andheatsensitivevarie-
tỳ KordesPerfecta' (KP)cultivatedinChinarosebaseof
ShanghaiBotanicalGarden(according asthe record of
ShanghaiBotanicalGarden, datanotshown).Thisexperi-
mentwascarriedoutonearlyMay, 2005.
TemperatureinducedexpressionmodelofRcLEAgene
UsingmaterialsunderroomtemperatureasCKs, bothheat

resistantR.hybridavarieties`Schlossmannieim' (SM)and
`Lasvegas' (LV), andheatsensitivevariety`KordesPerfec-
ta' (KP)weresubjectedtohightemperature(38 ℃)for3 h;
thenmRNAsfromtheirtenderleaveswereextractedandpuri-
fiedbyusingRNAoutkit(TiandzGeneticEngineering), and
basedonwhichthefirstcDNAstrandwassynthesizedusingPri-
meScriptTMRTReagentKit(TaKaRa)[ 6].Dependingon5
and3flanksofRcLEAORF, forwardprimer5-ATGTCGCT-
TATCCCAAATTT-3and reverse primer5-AAATCCAGTG-
TAGAGAT-3weredesigned.PCRamplificationprogramwas
firstof4minat94 ℃fordenaturation, then30cyclesof40 sat
94 ℃, 40sat55℃and60sat72℃, finally10minat72℃for
extension.
ProkaryoticexpressionofRcLEAgene
Constructionofprokaryoticexpressionvector　According
to5and3flanksofRcLEAORF, primerscontainingadap-
torsweredesignedbyintroducingEcoRIrecognitionsiteinto
forwardprimerandSalIrecognitionsiteintoreverseprimer.
PCRamplificationwasconductedastheprogramdescribed
aboveusingcDNA astemplate.BothPCRproductsand
pET32aweredoublydigestedbyEcoRIandSalI, andtarget
fragmentsofPCRproductsandpET32awererecoveredand
ligatedusingT4 ligasetoyieldrecombinantconstructpET32a-
RcLEA.TherecombinantwasnexttransformedintoEsche-
richiacolistrainDH5α.Sequencinganalysisshowedthatin-
sertedRcLEAcDNAwascorrectandwithoutshiftframe.
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pET32a-RcLEAandpET32a(blankvector)werebothtrans-
formedintoE.colistrainBL21andpositivecolonieswerepre-
servedat-80 ℃foruse.
ResistanceofrecombinantBL21totemperature　Onemil-
liliterofbacterialsolutionatOD600 of1.0 generatedbyIPTG
inductionfor2 h, wascentrifugedat4 500 r/minfor5 minto
collecttheprecipitation.Theprecipitationwassuspendedwith
equivalentsterilizedwater(1.0 mlofbacterialsolutionatOD
of1.0 contains1.0×109 cells), and10 μlofthesuspension
wasdilutedto1 ml;then100 μlofthedilutedbacterialsolution
wasagaindilutedto1 ml, andbyanalogy, dilutedtothesixth
round, wherethereare1.0×103 cellsin1.0 mlsolution.Next
100 μlofthesixroundsdilutedsolutionwascoatedonLB
plateswith100mg/LAmpandtheplateswereincubatedat4
℃ for0, 2, 4, 6, 8, 12dunderdarkandsubsequentlytrans-
ferredto37 ℃overnight, tocalculatecolonynumberoneach
plate.

Meanwhile, remainingbacterialsolutionatOD600 of1.0
generatedbyIPTGinductionfor2h, wastransferredto50 ℃
hightemperaturefor1, 2, 3, 4 and5 h;and1 mloffivebac-
terialsolutionheatshockedfordifferenttimewascentrifuged
tocollectprecipitationswhichwerethensuspendedanddilu-
tedtoOD600 =1.0, finallytoOD600 =0.01 asdescribedabove.
ThesesolutionswerecoatedonLBplatesandincubatedat37
℃ overnighttocalculatecolonynumberoneachplate.Each
experimentcontainedthreeparallelreplicates.
ResistanceofrecombinantBL21 tootherstresses.Using
IPTGinductioncultureofwild　typeBL21 asCKs, recom-
binantBL21 clonesharboringpET32a-RcLEA(L1, L2)and
pET32a(EV)withthebacterialsolutionatOD600 of1.0 gener-
atedbyIPTGinductionfor2h, wascentrifugedat4 500r/min
for5 mintocollecttheprecipitation.Theprecipitationwas
suspendedwithsterilizedwatertoOD600 =1.0.Subsequently
thesolutionswerecoatedonLBplateswithdifferentstress
substancesby"Z"shapeinoculationusinginoculatingloops,
culturedunderdarkat37℃overnighttoobservecolonygrow-
ingstate.LBplatescontainedfivefollowingsubstancesfor
stresstreatment:① 100, 200, 300, 400 mmol/LLiCl;②
400, 500, 550, 600mmol/LNaCl;③10, 15, 20, 25mmol/L
Na2CO3;④ 300, 350, 400, 450 mmol/LCdCl2;⑤ 200, 300,
400, 500 mol/LH2O2.

ResultsandAnalysis
TemperatureinducedexpressionmodelofRcLEAgene

AsindicatedfromRT-PCRamplificationresults(Fig.1),
RcLEAgenedidnotexpressinallR.hybridavarietiestested
underroom temperature(25 ℃), whilehighlyexpressedin
heatresistantvarietiesSMandLA, andpoorlyinheatsensi-
tivevarietyKPunderheatshockconditions(38 ℃ for3 h),
suggestingthatRcLEAgeneexpressioninR.hybridavarie-
tiesisheatinducible.
Resistanceofrecombinantstohightemperatureandlow
temperature

Underhightemperature(50 ℃), colonynumberofre-
combinantclonessharplydecreasedwiththetreatmentdura-
tionlasting.Contrastively, recombinantsharboringplasmid
pET32a-RcLEAperformedhighresistancetohightempera-
ture, whosesurvivalratereached70.9%after1hheatshock
treatment, andstill4.5% after5 h, whilesurvivalrateof
thoseharboringblankvectorpET32adecreasedto11.9%af-
ter1 hheatshocktreatment, andtozeroafter4 h(Fig.2).

NT:Normaltemperature;HT:Hightemperature;KP:Kordes

Perfecta;SM:Schlossmannieim;LV:Lasvegas.

Fig.1　RT-PCRresultsforexpressionofRcLEAinR.hybrida
varietiesunderdifferenttemperaturetreatment

ThisshowsthatexpressionofRcLEAhasremarkablyen-
hancedtheresistanceofrecombinantstohightemperature.

Fig.2　ViabilityassayofE.colistainBL21 withorwithout
pET32a-RcLEAunder50℃

AsshowninFig.3, colonynumberofrecombinantseither
harboringpET32a-RcLEAorpET32adecreasedgraduallywith
thelowtemperaturestress(4 ℃)lasting, whilethoseharbo-
ringpET32a-RcLEAdecreasedobviouslyslowerthanharbo-
ringblankvectorpET32a.Afterlowtemperaturestressfor12
h, colonynumberofthelatterdecreasedto33% whileofthe
formerstillkeptat65%, indicatingthatexpressionofRcLEA
hasremarkablyenhancedtheresistanceofrecombinantsto
lowtemperature.

Fig.3　ViabilityassayofE.colistainBL21 withorwithout
pET32a-RcLEAunder4℃

Resistanceofrecombinantstootherabioticstresses
ForWTandbothrecombinantsharboringpET32aor

pET32a-RcLEA(tworeplicatesofL1 andL2), lowconcentra-
tionofLiClshowednoobviousinhibitoryeffect;whenLiCl
concentrationincreasedto300 mmol/L, thoseharboring
pET32a-RcLEA(L1 andL2)showedgrowthratesofabout
50%, whileharboringWTandEVoflowerthan10%.CdCl2
attheconcentrationof350 mg/Lheavilyinhibitedthegrowth
ofWTandEV(showingthegrowthratesofabout10%),
whilelightlytoL1 andL2(about50%)whosecoloniescould
grewtothevergeofplatesthroughthenumberwasless.Re-
sultsofbothaboveexperimentssuggestthatexpressionof
RcLEAgeneconfersE.colitheresistancetoheavymetals.
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Stressedby550 mmol/LNaCl, bothL1 andL2 couldgrew
about65%colonies, whileWTandEVwereheavilyrestrict-
ed, indicatingthatresistanceofrecombinantstohighsaltin-
creased.Toward15 mmol/LofNa2CO3 , L1 andL2 could
growtothevergeofplates(about40% ofCKs), whileWT
andEVwereobviouslyrestricted(lowerthan10% ofCKs),
suggestingrecombinantsperformedhigherresistancetohigh

pHvalue.H2O2 attheconcentrationof400 mol/Linhibited
fourrecombinantstodifferentextent, detailedlyL1 andL2
couldgrowtothevergeofplates(about45% ofCKs), while
WTandEV justassumedlesscoloniessurroundingthe
streaks(about10% ofCKs), whichmanifeststhatrecombi-
nantsexpressingRcLEAareendowedwithhigherresistance
tooxidationstress.

Fig.4　ViabilityassayofE.colistainBL21undervariousstresses

　　Asdescribedabove, RcLEAfusionproteinaccumulate
largelyinrecombinantswithpET32a-RcLEA, remarkablyen-
hancingtheresistanceofhostE.colistrainBL21 toabiotic
stressesincludingheavymetal, highsalt, highpHvalueand
oxidation.Inconclusion, RcLEAproteincouldresponsetova-
riousabioticstresses.

Discussion
ExpressionofsomeArabidopsisLEAgenesisconstitu-

tiveundernormalcondition, whilesomeothersarehighlyin-
ducibleunderthestressesofdrought, coldandhighsalt[ 7-8] ,
whichisconfirmedinR.hybridainthepresentstudy.RcLEA
geneshowedanexpressionmodelofheatshockinducibleun-
derhightemperaturestress, butitjusthighlyexpressedin
heatresistantvarietiesandpoorlyorevennotexpressedin
heatsensitiveR.hybridavarieties.Whethertheexpressionof
RcLEAgeneisinducibleanswerstotheheatresistanceof
R.hybridavarietyobservedinthefield[3-4, 9] .

SoybeanLEAencodinggeneEmhasbeenprovedtobe
ableto improvesaltresistanceofE.coliandtobacco
plants[ 10] .Sincefirsttimediscoveredfromcottoncotyledonin
1981byDureetal, LEAproteinshavebeenfoundhighlyex-
pressinseeds, anther, andnutritionaltissuesofdrought
stressedseedlingsofvariousplants, anditsexpressionlevel

iscloselyrelatedwithadversityresistanceofcells.Uptothe
present, therearemanyliteraturesfocusingthefunctionof
LEAtoplantsunderstress:Chengetal[11] introducedwheat
PMA1959(LEA1)geneintoriceandfoundtransgenicrice
plantsareprovidedwithhighercapacitytodehydrateandhigh
salt;usingthesimilarityofyeastcellandplantcellinresponse
tohighsalt, Swire-ClarktransformedwheatCm fgeneinto
yeastandfoundthatsingleLEAproteindirectlyimprovethe
resistanceofrecombinedyeasttohighconcentrationofNaCl,

KClandlowtemperaturestress[ 12].Byintroducingsoybean
Emgene(LEA1)intoE.coliandtobacco, CAIDanetal[ 10]

provedthatoverexpressionofthisgenenotonlydirectlycon-
tributestotheimprovementofrecombinantssaltresistance,
butalsototheenhancementoftobaccoplantsresistanceto
highsalt.Theirresultsprovidedevidenceforformerresearch-
erswhostudiedthismechanisminriceandyeastandputfor-
wardthehypothesis, i.e., LEAproteinsinbothprokaryotic
andeukaryoticcellsmayadoptsimilarprotectivemechanism
foradversityresistance[13] ;moreover, theresultsofCAIDan
etalalsoconfirmedthatE.coliheterogenousexpressionis
thesimple, shortcutandeffectivesystemtostudythesaltre-
sistancemechanismofLEAprotein.Tovalidatethefunctions
ofRcLEAinR.hybrida, wecloneditandtransformedinto
E.colistrainBL21, andrevealedRcLEAgeneconferredhigh
resistancetohightemperatureandlowtemperature, aswell
astootherabioticstresseslikehighsalt, highpHvalue,
heavymetalsandoxidation.BecauseE.coliitselfcannot
synthesizeLEAproteinunderheatshock, improvementof
E.coliintheresistancetovariousstressesisregardedasbe-
ingdirectlyrelatedwiththeexpressionofRcLEAgenefrom
R.hybrida.TheresultsindicatethatR.hybridaRcLEAgene
playsaroleintheresponsetovariousabioticstresses, which
providesthoughtsforincreasingheatresistancebyintroducing
RcLEAintoheatsensitiveR.hybridavarietiesandstudying
theheat-resistantmechanism ofR.hybrida, andalsopro-
videstheoreticalsupportforselectingheatresistantvarietyof
landscapeandornamentalplantslikeR.hybrida.
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月季 RcLEA基因表达提高大肠杆菌对非生物胁迫耐性(摘要)

蒋昌华
＊
　(上海植物园 ,上海 200231)

[目的 ]研究RcLEA基因在月季品种中热诱导表达模式及RcLEA基因对多种非生物胁迫耐性。
[方法 ]将耐热和不耐热月季品种进行 38℃/3h热激处理 ,研究RCLEA基因在月季品种中的热诱导。表达模式;为验证月季 RcLEA基因功
能 ,将其转化E.coliBL21,将重组菌株BL21分别置于 4℃、50℃及 LiCl、NaCl、Na2CO3、CdCl2、H2O2胁迫下 ,研究重组菌株对高温、低温及非
生物胁迫的响应。
[结果 ] 38℃/3h热激处理后 ,该基因在耐热月季品种`曼海姆宫殿' (Schlossmannieim, SM)、`赌城' (Lasvegas, LV)中强表达 ,而在不耐热
品种`新十全' (Kordes'Perfecta, KP)弱表达或不表达 ,表明该基因与月季耐热性关系密切。重组菌株提高了寄主大肠杆菌对高温、低温、重
金属、高盐、高 pH值、氧化等非生物胁迫的耐性 ,表明RcLEA参与了上述非生物胁迫的响应。
[结论]该研究为后续该基因导入不耐热月季品种提高月季耐热品质及其机理研究提供了思路 ,也为月季等园林观赏植物的耐热品种筛选提
供了理论支持。
关键词　月季;RcLEA基因;诱导表达;非生物胁迫
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