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Abstract:Prolinecontentinplantwascloselyrelatedwithitsendurancetoenviromentstress.Inpresentresearch, prolinecontentsin

Miscanthussinensispopulationsgrowinginminingarea, wherethemainpollutantswereZn, Cu, PbandCd, andinunpollutedplot

wereinvestigatedtofindaproofforitsendurancechanging.Theresultshowedaninterestingaccumulationpatternofproline:①in

summer, prolinecontentincreasedwithsoilheavymetalcontent, andsignificantlycorrelatedwithCuaccumulationinplant;②incon-

trasttosummer, prolinecontentinthemostheavilypollutedplotdecreasedtothelowestinwinter, while, intheslightandunpolluted

plots, prolinecontentincreasedmostinwinter;③populationexperiencedmoderatepollutionshowedasimilarprolinecontentandpro-

linechangepatternasunpollutedpopulationbetweenseasons.Whatthespecialaccumulationpatternofprolineinpresentstudymeans,

increasingordecreasingthestressendurance, needsfurtherresearch.
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　　Prolineisanimportantcompoundthataccumulates
inplantsexposedtoenvironmentalstressessuchas
drought

[ 1]
, highsalinity

[ 2 -5]
, freezing

[ 6]
, UVradia-

tion
[ 7]
andheavymetals

[ 8-11]
.Manystudiesfocusedon

therolesofprolineindefensemechanismsagainstim-
pairmentscausedbyosmoticstress

[ 12]
.Thedominant

resultsindicatethatprolinefunctionsasosmoprotecta-
ntsasamediatorofosmoticadjustmentunderosmotic
stressconditions

[ 13]
, asastabilizerofsubcellularstruc-

tures
[ 14]

, asascavengeroffreeradicals
[ 15-16]

, asa
sinkforenergy

[ 17]
, asamajorconstituentofcellwall

structuralproteinsinplant
[ 12]
andevenasastress-re-

latedsignal
[ 18]
.Plantspecies, varietyorecotypewith

higherprolinecontentexisthigherendurance
[ 19]

or
higherprolinecanimprovethetolerancetoenvironment
pressure

[ 5]
.Proline, therefore, wassuggestedtobe

usedasamarkertotestthelevelofheavymetalpollu-
tion

[ 8]
andtoevaluatetoleranceofplantspecies, varie-

tiesorecotype.
Miscanthussinensis, adominantendemicperennial

grass, isubiquitouslydistributedinsouthChinaand

wasfoundtohavewideadaptabilitytodifferentenviron-

mentalregimes, suchashighsalinity, pollutedsoiland

severedryland.M.sinensiswasprotoevolveintodif-

ferentecotypesunderstressesduetoitswideheteroge-

neityandtheregulationofisoenzymepolymorphism
[ 20]
.

Theaimofthepresentworkistoinvestigatetheproline

accumulationinnaturalM.sinensispopulationsgrowing

inaheavymetalpollutiongradientinaminingareato

findaproofforitsendurancechanging.

1　Materialsandmethods

1.1　Plantmaterialandfieldcondition
M.sinensisleavesweresampledinDabaoshan, an

areawithmininghistoryof30ainsouthChina, at

E111°55′～ 114°45′andN23°50′～ 25°31′.Inthisar-

ea, Cu, Cd, PbandZnwerethedominantpollutants.

Duetotheintensivetoxicityoftheheavymetalsand
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acidsoil, fewplantspeciescangrowinthisregionex-
ceptM.sinensis, thepioneerspecies, formingsingle
speciescommunity.Basedonextensiveinvestigationto
thesoilcondition, 4 plotswithdifferentheavymetal
pollutionlevelsintheminingareaandoneunpolluted
plotoutsidetheminingareawithapproximatepH,
whichformedaheavymetalpollutiongradient, were
selected.Thedetailedinformationaboutthecorre-
spondingpopulationsandthesoilconditionwaslisted
intable1.Heavymetalcontentincreasedwiththeplot
numberfromItoV, andplotⅤ hadhighestcontents
ofPb, ZnandCd, namelythepopulationinplotⅤ
wasunderthehighestpollutionpressure.

Ineachpopulation5 individualswereselected.2

～ 3 leavesofeveryindividualweresampledforproline
analysisinNovember2002 andJuly2003respectively.
Threewholeplantswereharvested, includingshootand
root, forheavymetaldetermination.
1.2　Determinationofprolineandmetals

Theprolinecontentwasdeterminedbyusingthe
methodofHou

[ 23]
.Lyophilizedleafsamplesof0.5 g

wasgrindedin3% (w/v) sulfosalicylicacidandtrans-
ferredintocentrifugaltubesupplementedto5 mLwith
3% (w/v) sulfosalicylic.After10 minincubationat
100 ℃, thetubeswerecooledandcentrifugedat
3000r.2 mLofextractwasmixedwith2 mLdistilled
waterand6mLofamixtureofglacialaceticacid, or-
thophosphoricacid( 3∶2, v/v) and25 mgminhydrin.
After1hincubationat100 ℃, thetubeswerecooled
and4 mLtoluenewereadded.Theabsorbanceofthe
upperphasewasspectrophotometricallydeterminedat
520 nm.Thentheprolineconcentrationwascalculated
byusingastandardcurve.

Heavymetalsinplantmaterial( themixtureof
leaf, shootandroot) weredeterminedbydigestionof
plantmaterialinconcentratedHNO3 -HCl4 ( 3∶1) ,
andthenmeasuredbyatomicabsorptionspectrophotom-
etry.

Tab.1　Heavymetalcontentsinsoilandthepolluted

timeofthepopulations1)

Sampleplots

Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ

Pollutedtime( a) 0 15 25 15 20

Cu 13.67
a

283.23
b

498.67
c

756.67
d

709.16
d

Heavy Zn 181.33
a

252.67
a

820.00
b

769.67
b
1326.33

c

metals Pb 42.83
a

347.10
b

616.67
c

874.00
d
2845.36

e

( mg/kg) Cd 0.163
a

0.298
a

0.47
b

0.69
c

1.03
d

1 ) Numbersfollowedwithdifferentsuperscriptlettersbetweendifferent

sampleplotsinsameheavymetallineindicatesignificantlydifferentatP

=0.05 ( t-test)

2　Result

2.1　Prolinecontentintwoseasons
ProlinecontentinM.sinensisleavesinplotswith

differentheavymetalpollutionlevelswasdetectedin
bothseasons(Fig.1).Insummer, populationinhigh-
erheavymetalpollutedplotsshowedhigherprolineac-
cumulationexceptforplotⅢ, inwhichprolinecontent
wassimilartothatinunpollutedplot(I) andinlight
pollutedplot(II).Inwinter, however, areversedpat-
ternwasobserved:prolinedecreasedwithincreasing
pollution.

Forthesingleplot, prolinecontentinplotVin
winterwaslowerthanthatinsummer, whileproline
contentsinotherplotsinwinterwerehigherthanthose
insummer.Especiallyfortheunpollutedplot, 1.5
timeshigherprolinecontentwasdetectedinwinterthan
insummer.Thusprolinecontentsintheheaviestpollu-
tedplotwererelativelystablebetweenseasonscompa-
ringwithotherlighterpollutedplots.Itwasdifferent
fromtheresultsincontrolledexperiments

[ 9-11]
.

2.2　Prolineaccumulationandheavymetals
Nosignificantcorrelationbetweenprolinecontent

andsingleheavymetalcontentinsoilwasfound.But
fromtheresultsofprolineaccumulationandtotalheavy
metalinheavilypollutedplots(V) , slightpollutedplot
(II) andunpollutedplot(I) , itcanbeconcludedthat
severeheavymetalpollutionhasaffectedprolinesyn-
thesisordecompositionintheplant.
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AverageheavymetalaccumulationinM.sinensis
waslistedintable2.Regressionanalysisbetweenpro-
linecontentandheavymetalaccumulationwasconduc-
ted.ProlinecontentwasonlypositivelycorrelatedtoCu
content(P<0.01, R

2
=0.9281 ) (Fig.2).Thus,

inthisexperimentsiteCumightbethemaininducerfor
prolineaccumulationexceptinplotV, inwhichthe
highconcentrationsofPb, ZnandCdworkedtogether.

Tab.2　Heavymetalaccumulationindifferent
M.sinensispopulations (Cu, Zn, Pb:mg/kg;Cd:g/kg)

Heavy
metals

AverageAccumulation

Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ

Cd 30.6a 80.06ab 88.64ab 134.56b 318.50c

Pb 5.70a 66.79bc 46.72b 90.37c 200.70d

Cu 1.09a 37.10b 32.07b 61.57bc 80.49c

Zn 42.73a 143.17a 220.96ab 364.10b 345.07b

Numbersfollowedwithdifferentsuperscriptlettersbetweendiffer-
entsampleplotsinsameaccumulatedheavymetalindicatesig-

nificantlydifferentatP=0.05 (t-test).

3　Discussion

Mostheavymetaltoxicitystudiesindicatedthat
heavymetals, tosomeextent, couldinducerapidpro-
lineaccumulation

[ 9-11, 19]
.Andtheprolineaccumula-

tionapexoccurredatlowerheavymetalconcentrations,
suchas5ppmforLemnaminor

[ 9]
, thendecreasedrap-

idlywithheavymetalconcentrationincreased.Inthis
studyhigherprolinecontentwasdetectedinsummerin
thepopulationsgrowinginseverepollutedplots.But
thechangingpatternofdecreasewasnotfoundevenin
themostheavilypollutedplot, inwhichthecontentsof
Cu, Zn, Pb andCdwerehigh upto 709.16,
1326.33, 2845.36 and1.03 mg/kgrespectively.Two
possiblereasonsforsucharesultare:①M.sinensis
hadstrongstressresistance, andheavymetalstressin-
tensityinthisstudywaswithinitstolerance;②Materi-
alsinthisstudyweresampledinnaturalpopulations
thatexperiencedlongertimestress, therefore, the
plantshadbasicallyadaptedtothepollutedenviron-
mentcomparedtoothercontrolledtoxicityexperi-
ments

[ 9-11]
.

ProlinecontensinplotⅢ, themoderatepolluted
level, wassimilartothoseintheunpollutedandlight
pollutedpopulations(IandII) inbothsummerand
winter.Longerstressedtimemaybethemainreasonto
thisresult.Thestudyonthedynamicchangesofpro-
teinsandnucleicacidmetabolisminDatruastramoni-
um, exposedtodifferentheavymetalpollutiondura-
tion, gotsimilarresult:heavymetalpollutionreduced
thenucleicacidandproteincontentsinD.stramoni-
um, whichhadbeengrowinginpollutedareasforshort

time;andwithpollutiontimeprolonging, thechanging
rulesbegantorecovertotheinitial(unpollutedpopula-
tion)

[ 22-23]
.Parametersofquantitativecharacters

(POCs) ofViciafabatreatedwithlowdoseofheavy
metalionsalsorecoveredtotheunpollutedpopulation
intheproceedinggenerations

[ 24]
.

Inwinterareversedprolineaccumulationpattern
wasfoundcomparingtothatinsummer:theproline
contentdecreasedwiththeincreasingheavymetalcon-
tent.Thisresult, togetherwiththeaccumulationpat-
terninsummer, suggeststhatthepopulationexperi-
encedheavymetalstressgotachangedprolinemetabo-
lism.Prolinehasbeenprovedtobebeneficialtoplant
resistanceagainstenvironmentalstress

[ 5, 26-27]
viaos-

moregulate
[ 13]

, asastabilizerofsubcellularstruc-
tures

[ 14]
, andasascavengeroffreeradicals

[ 15-16]
.If

thechangedprolinemetabolismpopulationinthisstudy
ishelpfultoitsstressendurance, stillneedsfurtherre-
search.
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摘　要:植物的脯安酸含量与其对环境的耐受性有很大的关系。通过采集金属矿区 (主要污染物为 Zn、 Cu、 Pb、 Cd) 不

同污染梯度 、 不同季节的芒草种群材料, 测定其脯安酸含量, 从脯安酸角度探讨受不同污染强度胁迫的种群的耐性变化。

结果发现:①夏季芒草种群的脯安酸含量随土壤重金属含量的升高而升高, 与体内 Cu积累量呈显著的正相关关系;②冬

季脯安酸含量呈现相反的趋势, 即重度污染土壤的种群脯安酸含量降到最低, 而受轻度污染样地的种群与清洁种群一样,

脯安酸含量升到最高;③受中度污染种群的脯安酸含量变化与清洁种群相似。这一结果说明重度的重金属污染已引起芒草

种群在脯安酸水平发生代谢变化, 意味着这一芒草种群可能已获得较强的环境耐性, 但这一猜测还有待于进一步研究。

关键词:芒草;脯安酸积累;季节;重金属胁迫
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