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Abstract暋AntarcticicemicroalgaeChlamydomonassp.ICE灢Lcansurviveand
thriveinAntarcticseaice.Inthisstudy,Chlamydomonassp.ICE灢Lcouldsur灢
viveatthesalinityof132曤 NaCl.SDS灢PAGEshowedthatthedensityof2bands
(26and36kD)decreasedobviouslyatthesalinityof99曤 NaClcomparedtoat
thesalinityof33曤 NaCl.ThesolubleproteinsinChlamydomonassp.ICE灢L
grownundersalinityof33曤 and99% NaClwerecomparedby2灢Dgelelectro灢
phoresis.Aftershockingwithhighsalinity,8proteinspotswerefoundtodisap灢
pear,andthedensityof28proteinspotsdecreased.Inaddition,19proteinspots
wereenhancedorinduced,includingonenewpeptide(51kD).Thechangesof
proteinsmightbecorrelatedwiththeresistanceforChlamydomonassp.ICE灢L
tohighsalinity.
Keywords暋 Antarcticicealga,Chlamydomonassp.ICE灢L,solubleproteins,
two灢dimensionalpolyacrylamide gelelectrophoresis gelelectrophoresis (2灢D
PAGE)analysis,high灢salinitypress.

1暋Introduction

Seaiceisanephemeralfeatureofpolarregions,anditsaveragecoveringareais
about4暳106km2insummerand2暳107km2,even6.6暳107km2[1]inwinter.Un灢
likefreshwaterice,frozenseawaterformsasemisolidmatrix,permeatedbyanet灢
workofchannelsandpores.Thesevaryinsizefromafew micrometerstomillime灢
ters,andarefilledwithbrineformedfromexpelledsaltsastheicecrystalsfreezeto灢
gether[2].Scientistswerefirstabletoseethesechannelsclearlyin1992,whichhigh灢
lybranchedfrazilcrystalinterstices200to300毺m widelooklikeanuntidybird暞s
nest.Theelongatedintersticesofcongelationcrystalsresembleclose灢upsofhuman
hairs.Itiswithinthislabyrinththatthesea灢icemicroalgaelivewiththeonlyliquid



beingpocketsofconcentratedbrines.Sea灢icemicroalgaecanthriveintheice,and
theirprolificgrowthensuresthattheyplayafundamentalroleinpolarecosystems[3].
ofaAdiversegroupofpteropods,copepods,amphipods,andfishfeedontheiceal灢
gae.Apartfromtheirecologicalimportance,thealgaespeciesfoundinseaicehave
becomethefocusfornovelbiotechnology,aswellasbeingconsideredasproxiesfor
possiblelifeformsonice灢coveredextraterrestrialbodies.

Dehydration,causedbythehighbrinesalinities,isamajorstressorforice灢
trappedorganisms,whichmayexperiencesalinitiesthreetimes(evenfivetimes)[4]

thatofseawater.Survivingosmoticstressrequirestheadjustmentofcellularconcen灢
trationsofosmolytes,soastorestoretheosmoticbalancebetweentheexternalme灢
diumandtheinsideofthecells.Inresponsetothechangingexternalosmoticpres灢
sureosmolytes,includinginorganicionsandorganicsolutes(suchasproline,manni灢
tol,andglycinebetaine),areaccumulatedorsynthesizedinhypersalineconditions
andbrokendownorreleasedduringhyposalineshock.

Theplantabilityofplantstosalinity灢resistanceisdeterminedbymultiplebio灢
chemicalpathwaysthatfacilitateretentionand/oracquisitionofwater,protectchlo灢
roplastfunctions,andmaintainionhomeostasis[5].Essentialpathwaysincludethose
thatleadtosynthesisofosmoticallyactivemetabolites,specificproteins,andcertain
freeradicalscavengingenzymesthatcontrolionandwaterfluxandsupportscaven灢
gingofoxygenradicalsorchaperones[5].Basicresearchonthehalotolerancemecha灢
nisminplantsisimportantfortheimprovementofsalinitytoleranceofcropsbyge灢
neticengineering.ThegreenalgaChlamydomonasattractsmuchinterestasabio灢
logicalmodelsystemforphotosyntheticorganisms,andthusmightpossiblyserveas
aconvenientmodelsystemforthebiologyofplantsalinitytolerance.

Mechanismsofdehydrationtoleranceinplantsmayincludecommongeneprod灢
uctsandregulatorypathways[6],anditislikelythattheseoccurinsea灢iceorganisms
too.TheexpressionofDnaK1from ahalotolerantcyanobacterium Aphanothece
halophyticaimprovedthesalinitytoleranceofthetobaccoplant[7].Manyscientists
foundthatthesalinity灢resistanceofsomemicroalgaewascorrelatedwithproteins.
ThetermofproteomicswasputforwardbyWilkingetal.in1994[8].Itwastoana灢
lyzethestructureandfunctionofonegenome,onecell,ortissue.Thekeystepof
gel灢basedproteomicsapproachistwo灢dimensionalgelelectrophoresis(2灢DE)[9,10].In
thispaper,theeffectofsalinityontheproteinsexpressionofChlamydomonassp.
ICE灢Lwasanalyzedby2灢DE.Changesofproteinspotsappearedtobecorrelatedwith
theresistancetohighsalinity.

2暋Materialsandmethods

2.1暋Algamaterialsandcultureconditions

MicroalgaChlamydomonassp.ICE灢Lwasisolatedfrom Antarcticseaicecol灢
lectedin18thChineseAntarcticexpeditionduring2001/2002.Chlamydomonassp.
ICE灢Lwasgrownaxenicallyat6-8曟inautoclavedProvasolimedium,withillumi灢
nationof200-300毺Em-2s-1ona12暶12hlight/darkcycle.Culturesweremain灢
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tainedandshaken3timeseveryday.MesophilicalgaChlamydomonasmonadinawas
culturedinthesameconditionsasinChlamydomonassp.ICE灢L,exceptthat
Chlamydomonasmonadinagrewat20-25曟.

Forsalinitystressstudy,NaClwasaddedtotheculturemediumatafinalcon灢
centrationof33曤,66曤,99曤,132曤and165曤.Thecelldensitywasmeasuredin
triplebycellcountsafterincubationfor0,2,4,6,8,10,12,14,16and18days,
respectively.

2.2暋Highsalinitystressculture

Previoussalinity灢tolerantexperimentsshowedthatChlamydomonassp.ICE灢L
couldgrow wellinsalinityof99曤 NaCl.Soinpresentstudywetookalgagrew
grownundersalinityof99曤 NaClassalt灢stressedmaterialandundersalinityof33曤
NaClascontrol.After14dayscultureundersameconditionssametoabove,
Chlamydomonassp.cellswerecollectedforfartherSDS灢PAGEor2灢DEanalysis.

2.3暋SDS灢PAGEanalysis

ProteinsofChlamydomonassp.ICE灢LwereextractedforSDS灢PAGEaccording
toWang[11].SDSextractionbuffercomponentswere64mMTris灢HCl,10%glycer灢
ol,2% SDSand5%毬灢mercaptoethanol.Supernatantsampleswereseparatedin12.
5%polyacrylamidegel(3%stackingand12.5%separationgel)atchangeablecur灢
rentof15mAinstackinggel(3%)and25mAinseparationgel(12.5%).Separa灢
tiongelwasvisualizedbystainingwithCoomassieBrilliantBlue(CBB).Thestained
gelwasanalyzedusingsoftwareBandscan5.0.

2.4暋2灢DEanalysis

Theproteinsamplesfor2灢DEwerepreparedbyimprovedTrichloroaceticacid
(TCA)灢acetonefractionalpreparationmethodasdescribedpreviously(unpublished).
Atotalof40mgalgapowderwaslysedin400毺llysisbuffer(9Murea,2% (W/V)
CHAPS,1% (W/V)DTT,0.5% PhamarlytepH3~10,and5mM PMSF).The
concentrationofthetotalproteinswasdeterminedwith2灢DQuantKit(Amersham
Biosciences)withbovineserumalbuminasstandard.Thenproteinwaspackedre灢
spectivelyin500毺leppendorftubesandstoredat-80曟untiltestuse.

The2灢DEwasperformedaccordingtothemethodof2灢Dprotocol(Amersham
Biosciences).Isoelectricfocusingforthefirstdimensionwasperformedinprecast
ImmobilineDryStripgels withnon灢lineargradientpH 3灢10 (Amersham Biosci灢
ences).Proteinswerefirstsubjectedtoisoelectricfocusing(EttanIPGphorsystem,
AmershamBiosciences)foratotalof19.66kVhat20曟.Theseconddimensionwas
averticalSDS灢polyacrylamidegelelectrophoresis(SDS灢PAGE)usingtheSE600Ru灢
bysystem (AmershamBiosciences).AfterSDS灢PAGE,gelswerefixedovernightin
asolutionof10% aceticacidand40% ethanolandthenvisualizedbysilver灢based
stainingtechnique.
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2.5暋Analysisofproteinpatterns

Thestained2灢DEgelswerescannedwithUniscanC720system.ImageMaste灢
rTM2DPlatinumsoftware5.0(AmershamBiosciences)wasusedforspotintensity
calibration,spotdetection,backgroundabstraction,matching,andtheestablish灢
mentofaverage灢gel.Intensityofeachspotwasquantifiedbycalculationofspotvol灢
umeafternormalizationoftheimageusingthetotalspotvolumenormalizationmeth灢
odmultipliedbythetotalareaofallthespots.Themolecularmasseswereinterpola灢
tedfrom markerproteins(ShanghaiInstituteofBiochemistry,Shanghai)co灢electro灢
phoresedwithsampleinSDS灢PAGE.

3暋Results

3.1暋EffectofsalinityonthegrowthoficemicroalgaChlamydomonassp.ICE灢L

TheeffectsofsalinityonAntarcticicemicroalgaChlamydomonassp.ICE灢L
andmesophilicmicroalgaC.monadinawereshowninfigure1.Itprovedthatboth
microalgaecouldgrowwellatthesalinityof33曤 NaCl.Atasalinityof33曤 NaCl,
Chlamydomonassp.ICE灢Lgrewslowlyatthebeginning,butthegrowthratein灢
creasedquicklyafter6days.Itenteredthestationaryphaseonthe14thday,when
thecelldensitywas1.8暳107/mL.MesophilicC.monadinagrewquickly,andthe
peroidfromthe2ndto6thdaywasitsexponentialgrowthphase.Atthesalinityof
66曤and99曤 NaCl,thegrowthcurvesoficemicroalgaweresimilar.Afteradapta灢
tionfor8灢10daysinhighsalinity,Chlamydomonassp.ICE灢Lbegantogrowrapid灢
ly,andgottothemaximaldensityonthe14thday.FormesophilicC.monadina,
theexponentialgrowthphasewere2灢8daysand6灢12daysatthesalinityof66曤and
99曤 NaCl,respectively,andtheirmaximaldensitieswere107/mland8.5暳106/ml
respectivelyonthe12thday.ThedensityofChlamydomonassp.ICE灢Lchangedlit灢
tleatsalinityof132曤,about5暳106/mlin12days,andincreasedslightlyafterthe
12thday.However,thesalinityof132曤 NaClwasfataltomesophilicmicroalga.
Bothoficemicroalgaandmesophilicmicroalgaonescouldnotsurviveatthesalinity
of165曤 NaCl,andallcellswerebleachedanddeadatthe8thand6thday,respec灢
tively.

Fig.1暋ThegrowthcurveofChlamydomonassp.ICE灢L(A)andChlamydomonasmonadina(B)atdiffer灢
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entsalinity.0:thesalinityof33曤;1:thesalinityof66曤;2:thesalinityof99曤;3:thesalinity
of132曤;4:thesalinityof165曤.

3.2暋SDS灢PAGEanalysisofChlamydomonassp.ICE灢L

ResultofSDS灢PAGEofsolubleproteinsinChlamydomonassp.ICE灢L was
showninFig.2.Therewasnochangeofbandnumberwithorwithouthighsalinity
treatment,andtherewereatotalof37bands.However,thebandintensitywas
changeable.Intensityoftwobandsdecreased:Onebandwasa26kDprotein,whose
intensitydecreasedfrom7.0%to2.4%.Anotherwasa36kDprotein,decreasing
from6.8%to1.4%.
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Fig.2暋SDS灢PAGEmapofsolubleproteinsfrom AntarcticicealgaChlamydomonassp.ICE灢Lstressed
byhighsalinity.栺.Control,culturedinthesalinityof33曤 NaCl,栻.Treatment,culturedin
thesalinityof99曤 NaCl,M.Proteinmarker.

3.3暋2灢DEanalysisofdifferentialproteinsinChlamydomonassp.ICE灢Lunder
highsalinityshock

The2灢DEpatternsofuntreatedandtreatedAntarcticicealgaChlamydomonas
sp.ICE灢LwereshowninFig.3.TheproteinspotsspreadinpH3~10,mostdis灢
tributedintheacidicterminalof2灢DEgel.Mostoftheproteinswerenohigherthan
100kD.Foricealgatreatedwithhighsalinity,atotalof652spotsweredetected.
Foruntreatedcells,atotalof626spotswereobtained.Therewereatotalof598
spotsmatchedbetweentheuntreatedandtreatedicemicroalgacells.Aftertreatment
withthesalinityof99曤,anewpeptide(MW51kDa,pI6.90)wasfound(Fig.4),
and18proteinspotswereenhancedorinducedinicealga(Table1).Mostofthe19
proteinspotswereacidicorneutral.Atthesametime,28proteinspotswereweak灢
ended(Table2)and8proteinspotsweredisappeared(Table3),mostofwhichwere
alsoacidicorneutral.

Fig.3暋a:2灢DE map (pH 3灢10)ofAntarcticicealgaChlamydomonassp.ICE灢L
stressedbyhighsalinityfor14days.M.markerproteinsof97.4,66.2,43,
31,20.1and14.4kDa(1to6).b:Fig.43Dimageofincreasedproteinin
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Chlamydomonassp.ICE灢Ltreatedwithhighsalinity,arrowfornewly灢synthe灢
sizedprotein.
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Fig.4暋3DimageofincreasedproteininChlamydomonassp.ICE-Ltreatedwithhigh
salinity,arrowfornewly-synthesizedprotein.

Table.1暋ProteinspotswithincreasedvolumeinhighsalinitytreatedAntarcticicemicroalgaChlamydo灢
monassp.ICE灢L

Proteinnumber1 Isoelectricpoint(pI) Molecularmass/kD Proteinlevel2increased/%
111 6.35 41 292.7
123 7.86 40 430.2
164 6.59 35 120.6
180 5.86 33 261.8
194 5.47 33 447.3
207 6.47 31 60.7
221 6.05 30 217.4
232 7.82 30 212.2
241 9.16 29 234.0
257 6.30 27 319.5
271 6.42 26 291.9
275 3.91 26 136.2
298 7.30 24 315.3
325 8.32 21 286.1
327 7.20 21 93.8
381 5.65 16 467.1
435 9.01 12 192.3
442 5.42 12 79.3

1:Thenumberofproteinspotsinthe2灢DEgelforhighsalinitytreatedicemicroalga.

4暋Discussion

4.1暋ThesalinitytoleranceofChlamydomonassp.ICE灢L

Antarcticicemicroalgaisveryimportantresourceandcancontributeupto30%
oftheannualprimaryproductionofseasonallyice灢coveredareas[3].Manyresearches
ontheresistancetodifferentsalinitywerecarriedout.KottmeierandSullivan[12]pro灢
videdthatsometaxaareapparentlyeuryhalineandmaintaintheirgrowthratesovera
salinityrangeof10灢50曤,whileicealgaecanstillbephysiologicallyactiveatsalini灢
tiesashighas100曤.OurresearchesPresentstudyfoundthaticemicroalgacould
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surviveatthesalinityof132曤,whilemesophilicmicroalgaC.monadinaonlymain灢
tainedlifeatsalinityunder99曤.Inthe medium of66曤 and99曤 salinities,
Chlamydomonassp.ICE灢Lcelldivisionwashaltedfollowingahyper灢osmoticshock
in10days,butproliferationwasreinitiatedduringthelatephaseoftheosmoticre灢
sponseandexponentialgrowthwasresumedsoonaftercompletionoftheosmoticre灢
sponse.OurrResultsofthispaperwereinaccordancewithformerstudies[13,14].Af灢
ter10daystreatmentwith165曤salinity,AntarcticicemicroalgaChlamydomonas
sp.ICE灢Lwasbleachedanddead.Activeoxygeninducedbyhighsalinitymayinhibit
therepairofthephotodamagedphotosystem栻[15],resultinginthatthephotosynthe灢
sisabilityoficemicroalgawasinhibited,andthemicroalgadiedatlast.

4.2暋2灢DEanalysesofproteinsexposedunderhighsalinityshock

Highsalinitycanmakeplantsproducemuchactiveoxygen,whichincreasestheper灢

Table.2暋ProteinspotswithdecreasedvolumeinhighsalinitytreatedAntarcticicemicroalgaChlamydo灢
monassp.ICE灢L

Proteinnumber1 Isoelectricpoint(pI) Molecularmass/kD Proteinlevel2decreased/%
93 6.48 43 200.5
95 6.66 44 321.5
97 6.89 43 294.0
117 7.04 41 139.9
119 6.23 40 91.5
126 8.91 39 187.9
208 7.10 31 209.8
247 7.00 28 150.8
263 5.48 27 246.0
310 5.60 22 266.0
336 5.88 19 300.4
346 6.52 19 66.0
347 6.96 19 126.8
357 6.42 18 162.2
359 7.62 17 239.3
364 6.39 17 891.7
394 7.12 15 198.5
399 8.39 14 480.1
412 5.91 14 376.1
413 6.31 13 63.1
428 9.70 12 597.6
429 6.98 12 210.3
430 7.27 12 932.2
432 8.61 12 94.5
437 6.81 12 657.9
447 5.71 11 274.8
449 6.50 11 204.1
451 7.16 11 115.7

1:Thenumberofproteinspotsinthe2灢DEgelforhighsalinitytreatedicemicroalga.
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Table.3暋ProteinspotsdisappearedinhighsalinitytreatedAntarcticicemicroalgaChlamydomonassp.
ICE灢L

Proteinnumber1 Isoelectricpoint(pI) Molecularmass/kD Proteinlevel2/%
95 6.68 43 0.201
97 6.88 43 0.281
134 9.88 39 0.104
319 7.88 22 0.357
345 6.39 20 0.224
376 8.81 16 0.122
409 6.88 14 0.223
458 6.16 10 0.386

1.Thenumberofproteinspotsinthe2灢DEgelforhighsalinitytreatedicemicroalga;2.Theratioofeach
spotvolumetototalvolumeofthewholespots.

meabilityofcellmembrane,decreasestheefficiencyofphotosynthesisandrespira灢
tion,and destroys DNA and proteinsin cell[16].For Antarcticice microalga
Chlamydomonassp.ICE灢L,theproteincontentdecreasedobviously (P<0.01)
from884.5to813.6毺g·g-1wetweightcellsafterhighsalinity(99曤 NaCl)shock,
whichwasaccordantwithRafaelandBertha暞sstudies[17]ingreenalgaBotryococcus
braunii(racea).Inordertokeepaliveinchannelsorholescontaininghighsalinity,
manyphysiologicalandbiochemicalresponseshappened,includingthesecretionof
osmoprotectantcompounds,suchaslaminaribiose[17],osmoregulatoryisoformofdi灢
hydroxyacetone(DHAP)reductase(Osm灢DHAPR)[18]andglycerol[19].Inaddition,
manyresearchesshowedthatproteinsplayedanimportantroleinosmoregulation.
AddinghighamountsofNaCl,Hagemannaetal.[20]foundthatabout64.4and20.5
kDproteins,whichmaybeinvolvedinthesignaltransductionchainsensingchanges
intheNaClcontent,wereinducedinSynechocystissp.PCC6803.Whenmarinemi灢
croalgaTetraselmis(Platymonas)viridiswasgrowngrewinhigh灢salinitymedia,
thesynthesisofseveralproteinswithmolecularweightscloseto100kDwasinduced.
Thedataobtainedargueforthehypothesis,whichwasputforwardearlier,thatano灢
velNa+灢ATPaseisoformisinducedbyT.viridisgrowingathighNaClconcentra灢
tions[21].Severalsalinity灢tolerantenzymesthatfunctionoverawiderangeofsalini灢
tieshavebeencharacterizedfrompsychrophilicisolates[22].However,basedonthe
resultsofosmoticadaptationofDunaliehsulinaandChlamydomonasHS灢5utilizing
proteinsynthesisinhibitors,Sadkaetal.[23]andMiyasakaetal.[19]findthatprotein
synthesisisnotessentialfortheosmoticadaptationresponse.

Inthisstudy,anewpolypeptide(MW51kD,pI6.90)wasfoundafter99曤sa灢
linityshockinAntarcticicegreenmicroalgaChlamydomonassp.ICE灢L.Exceptfor
inducedproteinspot,18proteinspotswithincreasedvolumewerealsoconsideredas
mechanismofinprotectingChlamydomonassp.ICE灢Lagainsthighsalinityshock.

5暋Conclusions

暋暋Icemicroalgacansurviveandthriveinchannelsorporescontaininghighsalinity
inAntarcticicelayer.Inordertofindtheresistantdegreetohighsalinity,Antarctic
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icealgaChlamydomonassp.ICE灢L wasstudiedasthe modelmaterial.Results
showedthatChlamydomonassp.ICE灢Lcouldsurviveatthesalinityof132曤,which
washigherthanthatincaseofmesophilicmicroalgaChlamydomonasmonadina.
TheSDS灢PAGEanalysisofsolubleproteinsshowedthatthedensityof2bands(26
and36kD)decreasedobviouslyaftertheshockof99曤 salinity.Theproteinsin
Chlamydomonassp.ICE灢Ltreatedwithandwithouthighsalinitywerecomparedby
2灢DE.Atotalof8proteinspotswerefoundtodisappearand18decreased.Atthe
sametime,18proteinspotswereenhancedandonenewpeptide(51kD)wasin灢
duced.Thedetectionofnewproteinsisthebaseoftheidentificationofproteinchar灢
actersandstructureswithmatrix灢assistedlaserdesorption/ionizationtimeofflying
massspectrometry(MALDI灢TOF灢MS),andamongwhichthefindingofnewsalini灢
ty灢resistanceproteinsisexpected.
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