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Abstract暋InordertostudytheadaptabilityofArcticmicroalgaetodifferentenvi灢
ronmentaltemperatures,thegrowthcurvesandantioxidasesystemofthreemi灢
croalgae(Skeletonemamarinoi,Chlorellasp.andChlamydomonassp.)that
wereseparatedfromtheNy灢痄lesund,thehighArctic,atdifferentlowtempera灢
tures(0曟,4曟and8曟)weredetermined.Theresultshowedthattheadapta灢
bilityofthemicroalgaetotemperaturesdependedonthespecies.Thegrowth
rate,SODandCATactivitiesofSkeletonemamarinoiwerethehighestat4曟,
butMDAcontentwasthelowest.ThegrowthrateandenzymeactivityofChlo灢
rellasp.werethehighestat8曟,whilethelowestMDAcontentpresentedat0
曟.ThegrowthofChlamydomonassp.atthedifferenttemperatureswasnotso
significant,thelowestMDAcontentpresentedat8 曟.Thechangeofantioxi灢
dasesystemalsodependedonspeciesandtemperatures.Threeindexesofantiox灢
idasesystemofSkeletonemamarinoibetween0 曟 and4 曟 showedextremely
significantdifference (p<0.01).SODactivityofSkeletonemamarinoiand
Chlorellasp.between0 曟 and8 曟 showedsignificantdifference(p<0.05),
andtheothertwoindexesofthemdifferedinsignificantly.Antioxidasesystemsof
Chlamydomonassp.atthethreetemperaturesdifferedinsignificantly.Incon灢
clusion,thethreemicroalgaehadgoodadaptabilitytothethreetemperatures;
theirMDAcontentpresentedalowlevel,andhaduniquephysiologicalmecha灢
nismtoadapttotheenvironmentwithdifferentlowtemperatures.
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1暋Introduction

Lowtemperatureisanimportantgeographicalfeatureinthepolarregions,an灢



nualmeantemperatureinNy灢痄lesund,Svalbard,isgenerallyslightlyabove0曟[1],
theseawatertemperatureisabout5曟insummer[2].Butasaresultofglobalwar灢
ming,theArcticenvironmentincludingtheseaiceisexperiencingremarkablechan灢
ges[3,4],suchasdecreasingoftheseaicecover,thinningoftheseaice,increasingof
watertemperatureandfreshwaterinflux,andaggravatingpollution.Thosechanges
wouldhaveaprofoundinfluenceontheArcticmarineecosystems,especiallythemi灢
croalgaeastheimportantprimaryproductivityinthepolarecosystem[5].Therefore,
physiologicaladaptabilityandmechanismofmicroalgaetothepolarenvironmental
changebecomeoneofthehotspotsofscientificresearch.Atpresent,relatedstudies
arefocusedontheadaptivemechanismoftheAntarcticalgaetotheirhabitats[6灢9],
andthestudyonantioxidasesystem (e.g.SOD,POD,CATandMDA)isanimpor灢
tantpartofit[10,11].

Comparatively,studiesonrelationsbetweenlightandtheArcticalgae[12,13]are
morethanthatontheiradaptabilitytotemperatures,whichhasregulatingeffecton
thegrowthanddevelopmentofalgae;andhasdifferentinfluencesontheenzymeac灢
tivity,assimilationandutilizationefficiencyofnutrientsandcelldivisioncycleand
manyothers[14].Inthisstudy,weusethreemicroalgaeseparatedfrom Ny灢痄lesund
region,Svalbard(highArctic),toanalyzetheirgrowthcharacteristicsandantioxi灢
dasesystematdifferentlowtemperatures(0曟,4曟and8曟),andtherelationsof
theirgrowthandphysiologicalmetabolismfeatureswiththeambienttemperature,to
providetheoreticalbasisfordiscussingtheadaptationmechanismofArcticmicroal灢
gaetolowtemperatures.

2暋Materialandmethods

2.1暋Materialsandcultivation

TheArcticmicroalgaethatwereusedintheexperimentwereSkeletonemamari灢
noi,Chlorellasp.andChlamydomonassp..TheChlorellasp.wasafreshwater
greenalgaespeciesandseparatedfromtheglacialmeltingwaterintheNy灢痄lesund
areain2006,andSkeletonemamarinoiandChlamydomonassp.wereseawaterspe灢
ciesandseparatedfrom Kongsfjorden(KingsBay)inNy灢痄lesund.Theywerepre灢
servedinthePolarMicroalgaePoolofthePolarResearchInstituteofChina.Tripli灢
cateculturesofeachspeciesweregrownsimultaneously,eachin3LErlenmeyer
flaskscontaining2Lofsterilef/2(SkeletonemamarinoiandChlamydomonassp.)
orB(Chlorellasp.)culturemediumwiththeinoculationquantityof20%.Theal灢
gaeweregrownat0曟,4曟,and8曟,respectively,undera12:12light灢darkcycle
withalightintensityof27~40毺mol·m-2·s-1.Flaskswereshook3timesaday.
Samplingwasmadeeveryotherdayforthedeterminationofthegrowthcurve,and
samplesweretakenevery4daystodeterminetheantioxidaseactivityandMDAcon灢
tent.

2.2暋Determinationofthegrowthcurve
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Sampleswerecollectedeveryotherdayfromtheday wheninoculation was
made,thecorrespondingmethodsofdeterminingbiomasswereselecteddependingon
themorphologicalcharacteristicsofthealgae,andthemeanvalueofthetriplicate
samplesofeachalgawastakentomakeitsgrowthcurve.

TheSkeletonemamarinoiisachain灢likecellcolony,anditsgrowthcurvewas
determinedbyaspectrophotometricmethod.Thealgalsolutionwasshookup,and
thentheabsorbencyvalueofthealgalsolutionat700nmwasdeterminedbyBECK灢
MANDU800spectrophotometerwithmediumasthecontrolsample.

ThegrowthcurveofChlorellasp.,aunitcellgreenalga,wasdeterminedby
flowcytometry.1mLevenlymixedalgalsolutionwastakenrespectively,andthe
celldensitywasquantitativelymeasuredbyBECKMANCOULTERat488nmand
undertheexcitationoflaserwith22mwpower,thenthestatisticalanalysiswascon灢
ductedwithCellLabQuantaSC.

ThegrowthcurveofChlamydomonassp.,growinginaformofcellconglomer灢
ation,wasmeasuredwiththemethodofdryweight.Aftershakenup,50mLofthe
algalsolutionwastakenandfilteredinthefilterpaperthatwasdriedtoconstant
weight,andthedryweightofthealgaewasobtainedbypreciseweighing.

2.3暋Determinationoftheantioxidaseactivity

Extractionofcrudeenzyme:40mLalgalsolutionwastakenfromeachsample
afteritwasshakenup,thealgalsolutionwascentrifugatedataspeedof8000r·min
-1for10mininalow灢temperatureandhigh灢speedcentrifugetocollectthealgae,and
thesupernatantwasthrownaway.Thecellswereresuspendedbyadding4mLphos灢
phatebuffersolution(0.1mol·L-1,pH=7.8),anddisruptedwiththeultrasonic
celldisruptersystemfor30timeswiththedisruptionpowerof400 W,disruption
timeintervalof2s,andice灢bathprocessing.Thedisruptedliquidwasstoredunder4
曟environmentfor1h,thencentrifugatedwitharefrigeratedcentrifuge(12000r·
min-1,4曟)for20min.Theexactedsupernatant,asthecrudeenzyme,waspre灢
servedunder4曟forfurtheranalysis.

Theactivityofsuperoxidedismutase (SOD)andcatalase (CAT)wasdeter灢
minedwithBECKMANDU800spectrophotometerreferringtothemethodsofxan灢
thineoxidaseandultravioletspectrophotometrythatwereimprovedbyZuoXiangyu
[15].

2.4暋DeterminationofMDAcontent

TheMDAcontentwasdeterminedwithaBECKMAN DU800spectrophoto灢
meteraccordingtothethiobarbituricacidmethod[16].

2.5暋Dataanalyzing

DrawingwasmadewithSPSS13.0andOriginPro7.5softwares,andtheSPSS
13.0softwarewasusedforthesignificancet灢test.

591TheadaptabilityofthreeArcticmicroalgaetodifferentlowtemperatures



3暋Results

3.1暋Growthcurvesofthethreealgalspeciesatdifferenttemperatures

Figure1ashowsthatSkeletonemamarinoihadthegrowthcycleofmorethan50
days.Thegrowthratewasthehighestat4曟 withnolag灢phase,andachievedthe
highestdensityvalueinthe48thdaywiththelightabsorptionvalueofapproximately
0.55曟.At0曟and8曟,thelag灢phasewas6days,itachievedthehighestdensity
value(lightabsorptionvaluewasapproximately0.36and0.49)onthe40thandthe
48thday,respectively.

Chlorellasp.hadthegrowthcycleofapproximately40days(Fig.1b),itgrew
fasterwiththeincreaseoftemperature,thelag灢phaseat0曟 wasaslongas18days,
itenteredthelogarithmicphasefromthe20thday,andachievedthehighestdensity
(2.85暳106cells·mL-1)onthe28thday;at4 曟,thelag灢phaselastedabout12
days,itachievedthehighestdensity(3.3暳106cells·mL-1)onthe34thday;at8
曟,thefirst18dayswerethelag灢phase,itachievedthehighestgrowthdensity(3.74
暳106cells·mL-1)onthe34thday.

Chlamydomonassp.had4obviousgrowthphases,butthegrowthcurvesatdif灢
ferenttemperatureshadnoobviousdifference(Fig.1c).

Fig.1暋Thegrowthcurvesofthethreealgalspeciesatdifferenttemperatures.
(a)Skeletonemamarinoi;(b)Chlorellasp.;(c)Chlamydomonassp.
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暋暋At0曟,4曟and8曟,thefirst2,4and6dayswerethelagperiod,respective灢
ly.Itachievedthehighestgrowthincrementonthe24th,20thand22ndday,andthe
dryweightof50mLalgalsolutionwas0.113,0.116and0.118g·(50mL)-1,re灢
spectively.

3.2暋TheMDAcontentofthethreealgaeatdifferenttemperatures

Ingeneral,theMDAcontentofallthreealgaepresentedachangingtrendofin灢
creasefirstlyanddecreasinglaterwithtime(Fig.2),buttheMDAcontentofSkele灢
tonemamarinoiandChlamydomonassp.waslowanddidnotchangeobviously.The
MDAcontentofSkeletonemamarinoiwasthehighestat0曟andthelowestat4曟,
besides,theMDAcontentbothat0曟and8曟achievedthemaximumvalueonthe
40thday,andat4曟achievedthemaximumvalueonthe36thday.TheMDAcon灢
tentofChlorellasp.wasthehighestat8曟andthelowestat0曟.Themaximumat
differenttemperaturesappearedonthe28th,the32ndandthe28thday,respective灢
ly.TheMDAcontentofChlamydomonassp.wasthelowest,thecontentatthedif灢
ferenttemperatureswerebetween0.017~0.043nmol·g-1.

Fig.2暋TheMDAcontentsofthethreealgalspeciesatdifferenttemperatures.
(a)Skeletonemamarinoi;(b)Chlorellasp.;(c)Chlamydomonassp.

3.3暋TheSODactivityofthethreealgalspeciesatdifferenttemperatures
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TheSODactivityofthethreealgaeincreasedfirstlyanddecreasedlateratallthe
threetemperatures(Fig.3).TheSODactivityofSkeletonemamarinoiexhibitedthe
highestlevelonthe40thday,with5.17,8.91and6.79U·g-1at0曟,4曟and8
曟,respectively.Theactivityexhibitedthehighestlevelat4曟,whileat0曟,itwas
thelowestineachphase.TheSODactivityofChlorellasp.achievedthehigheston
the16thdayatallthethreetemperatures,with2.82,3.15and3.67 U·(106

cells)-1,respectively.Theenzymeactivitydecreasedrapidlyfromthe16thtothe
36thday,andduringthelast8days,theenzymeactivityvariedlittleatthethree
temperatures.Intheanaphaseofalgaegrowth,theSODactivitydeclinedwiththe
decreaseofthealgaecellactivity.TheSODactivityofChlamydomonassp.atthe
threetemperaturesachievedthehighestonthe20th,24thand16thdays,withthe
valuesof3.03,5.07and3.65U·g-1atthethreetemperatures,respectively.On
thefirst20days,theenzymeactivitywasthehighestat8曟andthelowestat4曟,
andduringthelast4days,itdeclinedatthefastestrateat4曟.

Fig.3暋TheSODactivitiesofthethreealgalspeciesatdifferenttemperatures.
(a)Skeletonemamarinoi;(b)Chlorellasp.;(c)Chlamydomonassp.

3.4暋TheCATactivityofthethreealgalspeciesatdifferenttemperatures

TheCATactivityofSkeletonemamarinoiwasshowninFigure4a.Compara灢
tively,withintheentiregrowthcycle,theenzymeactivitywasthehighestat4 曟
andthelowestat0 曟.ThechangeoftheenzymeactivityofChlorellasp.atthe
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threetemperatureswerenotobvious(Fig.4b),butthehighestleveloftheenzyme
activityappearedat8 曟,whilethatofChlamydomonassp.atthethreetempera灢
tureswerelow,whichonlypresentedthechangelawofhighfirstandlowlaterat8
曟,anditshighestlevelappearedatthistemperature(Fig.4c).

Fig.4暋TheCATactivityofthethreealgalspeciesatdifferenttemperatures.
(a)Skeletonemamarinoi;(b)Chlorellasp.;(c)Chlamydomonassp.

3.5暋Effectsoftemperaturesontheantioxidasesystem

Inordertoquantitativelyexaminetheeffectofdifferentlowtemperaturesonthe
antioxidaseenzymeactivityandMDAcontentofthethreemicroalgae,analysisofva灢
riance(ANOVO)methodwasusedinthisresearchtoanalyzethesignificanceofthe
differenceoftheeffectofdifferenttemperatures,theresultsofwhichwereshownin
Table1.

Table1.暋EffectsofdifferenttemperaturesontheactivitiesofSOD,CATandthecontentofMDAofthe
threemicroalgae

Skeletonemamarinoi
SOD CAT MDA

Chlamydomonassp.
SOD CAT MDA

Chlorellasp.
SOD CAT MDA

0曟-4曟 0.008** 0.001** 0.001** 0.25 0.858 0.810 0.688 0.061 0.347
0曟-8曟 0.073 0.018* 0.074 0.87 0.085 0.599 0.437 0.012* 0.052
4曟-8曟 0.228 0.255 0.244 0.28 0.054 0.418 0.706 0.391 0.332

*p<0.05,**p<0.01
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ItcouldbeseenthatinthegrowthperiodofSkeletonemamarinoi,thediffer灢
enceoftheantioxidaseenzymeactivitiesandMDAcontentbetweenthetwogroupsat
0曟andat4曟 wasextremelysignificant(p<0.01).ThedifferenceoftheCATac灢
tivityofSkeletonemamarinoiandChlorellasp.betweenthetwogroupsat0曟and
at8曟 wassignificant(p<0.05);thedifferenceofboththeenzymeactivityand
MDAcontentofthethreealgaebetween4曟and8曟 wasnotobvious.

4暋Discussion

暋暋Thegrowthofthealgaeatthreetemperatureswasdifferent.Thegrowthcycle
ofgreenalgaewasshorterthanthatofdiatom,andthatofChlamydomonassp.was
shorterthanthatofChlorellasp..Diatomhadmoreobviousadaptabilitytolowtem灢
perature(4曟),butlowertemperaturewoulddecreaseitsgrowthrate.Chlorellasp.
wasmoreadaptivetohightemperaturerelatively;andChlamydomonassp.had
broaderadaptabilitytotemperatures,anditsgrowthatdifferenttemperaturesdidn暞t
varyprofoundly.

MDAisnotonlyoneofthemembrane灢lipidperoxidationproductsofthecell,
butalsooneoftheperoxidationproductsofunsaturatedfattyacid.Itscontentrepre灢
sentstheperoxidationdegreeofmembranelipid,andisusuallytakenasanimportant
symboloftheperoxidationlevelofthemembranelipid[17].Itwasindicatedfromthe
resultoftheMDAcontentofthethreemicroalgaethatalthoughtheMDAcontentof
Skeletonemamarinoiwaslow,itscontentswerestilldifferentatdifferenttempera灢
tures.Thecontentwasoppositetothegrowth,andthemaximum MDAcontentsof
Skeletonemamarinoiatthedifferenttemperatureswereallinthelogarithmicphase.
Besides,thecontentwaslow,whichshowedthatthestudyofSkeletonemamarinoi
atthethreetemperatureshadcertainlipidperoxidation,butitdidnotobviouslyin灢
fluenceitsgrowth.TheMDAcontentofChlorellasp.atthethreetemperatures
wererelativelyhigher,butthetemperaturesdidnotpresentremarkableinfluenceon
itslifeactivity.Comparedwiththatoftheothertwoalgae,theMDAcontentof
Chlamydomonassp.wasthelowest,andhadthefewestchangesatdifferenttemper灢
atures,whichdidnotconsistentwiththethreegrowthcurves.Atthedifferenttem灢
peratures,theMDAcontentofthethreealgaeallincreasedwithintheirearlygrowth
periods,whichmaybecausedbycertainlipidperoxidationunderthepressureoftem灢
peraturesintheirinitialgrowthperiods,butlatertheactivityofprotectiveenzyme
wasalsostimulatedandtendedtobestableasapossibleresultoftheregulatory
effectofsomestress灢activatedenzymesinvivo[18].Therefore,thelipidperoxidation
degreereduced,andtheMDAcontentgraduallydecreasedwiththeenhancedprotec灢
tiveenzymefunctionandrecoveredtothelevelwhichcouldbetoleratedbythecell.
Inaword,temperatureshadlessinfluenceonthegrowthofthreealgae.

Thesuperoxidedismutase(SOD)isoneimportantprotectiveenzymeonorgan灢
ism;itcaneliminatetheactiveoxygenintheplantcellandprotecttheplantfrombe灢
inginjured.Theiractivityisrelatedwiththeantipollutionandresistanceofradia灢
tion,low灢temperatureanddiseaseetc.oftheorganism[19灢21].TheSODactivityand
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itshighestlevelofthethreealgaeappearedattheoptimumtemperature,andthe
highestlevelateachtemperaturewasinthesteadygrowthperiod,whichindicated
thatSODplayedabetterprotectiverolethantemperatureintheadaptabilityofmi灢
croalgae.TheSODactivityofthethreealgaehadtheoverallchangingtrendofin灢
creasingfirstanddecreasinglater,whichmaybecausedbycertainlipidperoxidation
underthepressureoftemperatureintheinitialgrowthperiodofthealgalcell,thus
theSODactivityincreasedcorrespondingly.Laterthelipidperoxidationwasgradual灢
lybalancedbythefreeradicalscavengingeffectofSOD,thustheSODactivityde灢
creasedgradually.ManyresearchesindicatedthattheSODactivityhadcertaincorre灢
lationwiththeadaptabilityoftheorganism.Whenitwasinducedbymoderateenvi灢
ronment,theSODactivityincreased,whichcouldenhancetheorganismadaptabili灢
ty[22,23].

CAT,anenzymecontainingFerrum,candecomposeH2O2thatisproducedin
disproportionatebySODtoH2Owithouttheneedofsubstrate.Similarly,theCAT
activityofthethreemicroalgaehaddifferentresponsestothechangeofthetempera灢
tures.AstoSkeletonemamarinoi,itshighestCATactivityappearedattheoptimum
growthtemperature(4曟).Astothetwogreenalgae,thethreecultivationtemper灢
atureshadnotenabledtheirCATtoshowobviousenzymeactivity;however,their
enzymeactivityhadthetendencyofcorrespondingenhancementwiththetemperature
increased.Allthesewereconsistentwiththegrowthcurvesofthethreealgae.This
indicatedthatCATplayedanindistinctroleinthehabitatadaptabilityatthethree
temperaturesinthisresearch.Undernormalconditions,thesynergisticeffectof
SODandCATcanmaintainthebiologicalfreeradicalatalowlevelandplayaprotec灢
tiveroleinthebiology[24].

Thevarianceanalysisresultindicatedthatthetwotemperaturesof0曟and4曟
hadmucheffectontheantioxidasesystemofSkeletonemamarinoi.Comparedwith
theSODactivityandMDAcontent,thetemperatureshadmoreeffectontheCAT
enzymeactivityofSkeletonemamarinoiandChlorellasp.thanthatontheCATac灢
tivityofChlamydomonassp..

ThechangetrendofCATactivityofthethreemicroalgaewasindistinctandtheir
activitieswereverylow,sowecouldconcludethatCAThadlesseffectonelimina灢
tingtheactiveoxygenunderthetemperaturesconditionsinthisresearch,butthe
SODactivitywashigh.Therefore,theSODactivitycouldstillmaintainstrongera灢
bilityineliminatingtheactiveoxygen,whichwasconsistentwiththeresearchresult
ofKan[25].AstoChlorellasp.,thechangingtrendofMDAcontentwithtempera灢
tureswasthesameasthatofthegrowthcurve.Theantioxidasesystemcouldcoun灢
teractcertainlipidperoxidation,thusChlorellasp.couldgrowwellathighertem灢
peratures,whichalsoshowedthatthemetabolismofactiveoxygeninplantswasthe
synergisticeffectofmanyantioxidases.Thethreemicroalgaecouldachieveanewe灢
quilibriumofprotectiveenzymesintheorganismcellandmaintainnormalmetabo灢
lismandgrowthofthecellsbytheirownuniquephysiologicallymetabolicmechanism
atdifferenttemperatures,thustheyhadgoodadaptabilitytodifferenttemperatures
inourresearch.
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