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Abstract:や Dietaryや supplementsや andや functionalや foodsや areや becomingや increasinglyや popularや
complementsや toや regularやdiets.やAや recurringや ingredientや isや theや essentialや cofactorや vitaminやB12や (B12).や
Microalgaeやareやmakingやtheirやwayやintoやtheやdietaryやsupplementやandやfunctionalやfoodやmarketやbutやdoや
notやproduceやB12,やandや theirやB12やcontentや isやveryやvariable.や Inや thisやstudy,や theやsuitabilityやofやusingや theや
humanや B12まbindingやproteinや intrinsicや factorや (IF)や toや enrichや bioavailableやB12や usingやmicroalgaeやwasや
tested.やTheやIFやproteinやwasやsuccessfullyやexpressedやfromやtheやnuclearやgenomeやofやtheやmodelやmicroalgaや
Chlamydomonasȱ reinhardtiiȱ andや theや additionや ofや anやNまterminalや ARS2や signalや peptideや resultedや inや
efficientや IFやsecretionや toや theやmedium.やCoまabundanceやofやB12やandや theやsecretedや IFやsuggestsや theやalgalや
producedやIFやproteinやisやfunctionalやandやB12まbinding.やUtilizingやIFやexpressionやcouldやbeやanやefficientやtoolや
toやgenerateやB12まenrichedやmicroalgaeや inやaや controlledやmannerや thatや isや suitableや forやvegetariansやand,や
potentially,やmoreやbioavailableやforやhumans.や

Keywords:ȱ Chlamydomonas;や vitaminや B12;や cobalamin;や intrinsicや factor;や microalgae;や nuclearや
transformation;やrecombinantやprotein;やdietaryやsupplements;やfunctionalやfoodsや

や

1.ȱIntroductionȱ

Thereやisやanやincreasingやawarenessやofやtheやeffectやofやdietやonやhumanやhealthやand,やinやparticular,やinやtheや
developmentやofやillnessやandやchronicやdisease.やThisやhasやledやtoやanやupwardやtrendやinやconsumerやdemandや
forや naturallyや occurringや bioactivesや thatや canや beや deliveredや inや theや formや ofや dietaryや supplementsや orや
incorporatedやintoやfunctionalやfoods.やOneやofやtheやcommonやbioactivesやisやvitaminやB12.や

VitaminやB12やorやcobalaminや(B12),やisやanやessentialやcofactorやproducedやbyやcertainやprokaryotesやviaやtwoや
mainやcomplexやbiosyntheticやpathwaysや[1].やInやhumans,やB12やisやanやessentialやcofactorやrequiredやforやaやrangeや
ofやcellularやmetabolismやfunctionsや(e.g.,やDNAやsynthesisやandやmethylation,やmitochondrialやmetabolism)や
[2].やB12やuptakeやandやtransportやfromやingestionやtoやtheやbloodやstreamやisやaやmultiまstepやcomplexやpathwayや[3].や
Oneやofやtheやproteinsやplayingやaやkeyやroleやinやthisやprocessやisやtheやhumanやproteinやintrinsicやfactorや(IF).やTheや
glycoproteinやbindsや freeやB12や inや theや ileumやandや theや IFまB12やcomplexや isや thenや recognizedやbyや theやcubamや
receptorやcomplexやfacilitatingやreceptorまmediatedやendocytosisや[4].やTheやlackやofやaやfunctionalやIFやproteinや
leadsやtoやtheやsevereやautoimmuneやdiseaseやperniciousやanaemiaや[3].やLessやsevereやbutやratherやcommonやcasesや
ofやB12やdeficiencyやareやtypicallyやfoundやinやchildren,やpregnantやwomenやandやtheやelderly.やVegetariansやandや
vegansやareやalsoやatやaやhigherやriskやforやB12やdeficiency,やasやhigherやplantsやdoやnotやproduceやorやuptakeやB12やandや
are,やtherefore,やnotやaやdietaryやsourceやofやB12や[5].やToやcounteractやtheやlackやofやdietaryやB12やintake,やaやwideやrangeや
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ofや supplementsや areや commerciallyや available.や Forや instance,やmicroalgalやChlorellaȱ supplementsやwereや
foundやtoやcontainやamountsやofやB12やvaryingやfromやtraceやamountsやupやtoや415やょgやperや100やgやdryやweightや[6].や

Microalgaeや areや versatile,やunicellularやphotosyntheticや organismsや thatや areや attractingや increasingや
attention.やDespiteやedibleやmicroalgaeやhavingやaやlongやtraditionやasやaやfoodやsource,やlargeやscaleやcultivationや
hasや onlyや becomeや widespreadや sinceや theや middleや ofや lastや centuryや [7,8].や Potentialや exploitationsや ofや
microalgaeやareやasやdiverseやasやtheやpolyphyleticやgroupやitself.やInや theやcontextやofやthisやstudy,やthreeやmainや
applicationsや shouldやbeやmentioned:や (I)やmicroalgaeや forや functionalや foodsや (dueや toや theirやhighやproteinや
content,やantiまoxidativeやpropertiesやandやotherやpotentialやhealthやbenefits)やandやasやaやvegetarianやsourceやofや
bioactiveやsupplementsや[9–11];や(II)やmicroalgaeやasやaやnovelやrecombinantやbiotechnologicalやhostや[12–15];や
andや(III)やmicroalgaeやasやaやsourceやofやnaturalやhighまvalueやcompoundsや(recentlyやreviewedやinや[12,16]).や

Theseやthemesやofやmicroalgalやapplicationsやareやbroughtやtogetherやinやthisやproofまofまconceptやstudyやbyや
testingやtheやpossibilityやofやenrichingやB12やinやmicroalgaeやusingやtheやhumanやIFやprotein.やToやthisやend,やnuclearや
transformantsやofやtheやgreenやmodelやalgaやChlamydomonasȱreinhardtiiȱexpressingやIFやwereやgenerated.やTheや
IFや proteinやwasや successfullyや expressedや andや theや additionや ofや aや signalや peptideや fromや arsylsulfataseや
resultedやinやtheやefficientやsecretionやofやIFやtoやtheやmedium.やTheやsupplementationやofやtheやcultureやmediumや
withやB12やledやtoやaやhigherやIFやabundanceやinやtheやgeneratedやmicroalgalやstrains.やThisやproofまofまconceptやshowsや
microalgaeやareやaやviableやhostや forや theやproductionやofやaやvegetarianやIFやsourceや forやB12やenrichment.やThisや
couldやpaveやtheやwayやforやdevelopingやaやvegetarianやsourceやofやbioavailableやB12やforやdietaryやsupplementsや
andやtheやenrichmentやofやfunctionalやfoods.や

2.ȱMaterialsȱandȱMethodsȱ

2.1.ȱConstructȱDesignȱandȱPlasmidȱConstructionȱ

Theや aminoや acidや sequenceや ofや theや humanや intrinsicや factorや (Uniprotや KB:や P27352)やwasや codonま
optimizedやforやnuclearやexpressionやinやtheやgreenやalgaやC.ȱreinhardtiiȱusingやtheやsoftwareやGeneDesignerや2.0や
(Atum,やNewark,やCA,やUSA)や[17].やTheやNまterminalやnativeやsignalやpeptideや(aminoやacidやsequenceや(AA)や1–
18)やwasやremovedやandやaやCまterminalやhumanやinfluenzaやhemagglutininや(HA)やepitopeやtagや(AAやsequence:や
YPYDVPDYA)やwasやaddedやforやdetectionやofやtheやprotein.やAdditionally,やaやsecondやconstructやwasやmadeや
withやanやNまterminalやsecretionやsignalやpeptideやofやtheやC.ȱreinhardtiiȱnativeやarsylsulfataseやARS2ȱ(AAや1–21,や
UniprotやKB:やQ9ATG5)や[18].やTheやsyntheticやgenesやwereやcustomやsynthesizedやbyやGenscriptや(Piscataway,や
NJ,やUSA)やandやclonedやintoやtheやpCrEX1やnuclearやexpressionやvectorや(basedやonやpSR108や[19])やusingやtheや
restrictionやsitesやSapIや (LguI)やandやBglII.やFigureや1やgivesやanやoverviewやofや theやexpressionやcassettes.やTheや
correctや constructや assemblyや hasや beenや verifiedや byや sequencing.や Allや plasmidsや wereや amplifiedや inや
EscherichiaȱcoliやDH5ぼやandやpurifiedやforやtransformationやofやC.ȱreinhardtii.や

や
Figureȱ 1.や Overviewや ofや theや intrinsicや factorや (IF)や expressionや cassettesや usedや forや C.ȱ reinhardtiiや
transformation.やTheやstrainsやexpressingやtheやconstructsやhaveやbeenやnamedや“IF”やandや“arsまIF”やrespectively.や
Theや3たやandや5たやuntranslatedやregionsやofやtheやC.ȱreinhardtiiやPSADやgeneやareやusedやforやgeneやexpression.や(a)や
TheやNまterminalやnativeやsignalやpeptideやofやtheやhumanやIFやproteinやwasやremovedやandやtheやfullやlengthやproteinや
wasや codonまoptimizedや forや C.ȱ reinhardtiiや nuclearや expression.や Aや Cまterminalや humanや influenzaや
hemagglutininや(HA)やepitopeやtagやwasやaddedやtoやtheやproteinやforやdetectionやpurposes.や(b)やAdditionally,やaや
secondやversionやofやIFやwasやconstructedやwithやtheやsecretionやsignalやpeptideやofやarsylsulfataseやARS2.や
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2.2.ȱStrainsȱandȱCultivationȱConditionsȱ

TheやC.ȱreinhardtiiやstrainやCCま849や(cw10,やmt┑)やwasやobtainedやfromやtheやChlamydomonasやResourceや
Centerや(UniversityやofやMinnesota,やMinneapolis,やMN,やUSA).やAllやstrainsやwereやmaintainedやatや25や°Cやandや
approximatelyや50やょEやcontinuousやilluminationやonや2%やTrisまAcetateまPhosphateや(TAP)やmediumや[20]やagarや
platesやwithやaやmodifiedやtraceやelementやrecipeや[21].やLiquidやculturesやwereやgrownやinやTAPやmediumやatや25や
°C,や110やrpmやshakingやandやapproximatelyや100やょEやcontinuousやillumination.やWhenやTAPやmediumやwasや
supplementedやwithやvitaminやB12や(20–100やょgぉL┑1),やcommerciallyやobtainedやcobalaminや(SigmaまAldrich,や
Dorset,やUnitedやKingdom)やwasやaddedやfromやaや0.1やgぉL┑1やstockやsolution.や や

Initialや screensや forやpositiveや transformantsやwereやperformedや inや 24やwellやplates.やTheやwellsやwereや
inoculatedやwithやsingleやcoloniesやandやgrownやforや5やdaysやbeforeやanalysis.やForやproteinやexpressionやanalysis,や
100やmLやpreまculturesやwereやinoculatedやfromやaやplate.やAfterや6やdays,や100やmLやculturesやwereやreまinoculatedや
toや anや OD750や ofや 0.01.や Cellsや wereや subsequentlyや harvestedや atや midや toや lateや logや phase.や Forや proteinや
concentrationやandやB12やassays,や1やLやculturesやwereやinoculatedやtoやanやOD750や=や0.02やfromやaや1やweekまoldや100や
mLやpreまcultureやandやgrownやtoやaやmidまlogやphaseやstageやbeforeやprocessing.や

2.3.ȱNuclearȱTransformationȱ

Forやnuclearやtransformation,や1やょgやofやtheやrespectiveやplasmidやwasやlinearizedやbyやcuttingやwithやEcoRI.や
Aやnuclearやglassまbeadや transformationやprotocolやwasやusedやbasedやonやaやpreviouslyやdescribedやmethodや
[22,23].やInやbrief,やaや200やmLやcultureやofやCCま849やwasやgrownやtoやearlyやlogまphaseやandやresuspendedやinや2やmLや
freshやTAPやmedium.やPerやtransformation,や300やょLやconcentratedやcellsやandや1やょgやofや linearizedやplasmidや
wereやused.やTheやcellまDNAやmixtureやwasやaddedや toやapproximatelyや300やmgや400–600やょmやacidまwashedや
glassやbeadsや(SigmaまAldrich,やDorset,やUnitedやKingdom)やandやagitatedやonやaやvortexやforや15やsやonやmaximumや
speed.や Theや cellsや wereや dilutedや withや TAPやmediumや toや aや finalや volumeや ofや 10やmLや andや grownや forや
approximatelyや18やh.やAfterやresuspensionやofやtheやcellやpelletsやinや500やょLやTAPやmedium,やsoftやagarや(0.5%)や
wasや addedや andや theや mixtureや spreadや onや TAPや platesや containingや 10や ょgぉmL┑1や Zeocinや (InvivoGen,や
Toulouse,やFrance)やforやselectionやofや transformantsや thatや incorporatedや theやconstructやcontainingや theやbleや
markerや[19].やAfterやapproximatelyや8やdays,やcoloniesやwereやreまstreakedやandやsubsequentlyやanalyzedやforや
theやpresenceやofやtheやgeneやofやinterest.や

2.4.ȱPCRȱAnalysisȱ

Transformantやcoloniesやwereやscreenedやforやtheやpresenceやofやtheやgeneやofやinterestやusingやpolymeraseや
chainやreactionや(PCR).やAやgeneやfragmentやwasやamplifiedやfromやgenomicやDNAやusingやaやstandardやprotocolや
withやPhireやPlantやDirectやMasterやMixや(ThermoやFisherやScientific,やLoughborough,やUnitedやKingdom).やTheや
followingやprimersやwereやusedやtoやamplifyやaや600やbaseやpairやfragmentやconfirmingやtheやpresenceやofやtheやIF/arsま
IFや expressionや cassette:や IFまfragFや (5たま3た)や CAGCATGAAGATTAAGGACAや andや IFまfragRや (5たま3た)や
GTAGTACTGCGTGAAGTTG.や

2.5.ȱPreparationȱofȱCellularȱLysatesȱandȱMediumȱSamplesȱforȱProteinȱExpressionȱAnalysisȱ

Forやproteinやexpressionやanalysis,やculturesやwereやgrownやasやindicatedやinやSectionや2.2.やCellularやlysatesや
wereやpreparedやbyやresuspendingやanやequivalentやofやOD750や=や1やcellsやinやmidやtoやlateやlogやphaseやinや100やょLや10や
mMやTrisまHClや(pHや8.0).やToやanalyzeやtheやmedium,や1やmLやofやcultureやwasやspunやdownやatや20,000×やgやforや5や
minやandやtheやclearedやsupernatantやtransferredやtoやaやseparateやtube.や

2.6.ȱProteinȱConcentrationȱandȱIonȱExchangeȱChromatographyȱ

1やLやmidまlogやphaseやculturesやwereやharvestedやatや4000×やgやforや20やminやatや4や°C.やForやproteinやconcentrationや
fromやtheやmedium,やtheやcultureやsupernatantやwasやfilteredやthroughやWhatmanやfilterやpaperやtoやremoveやanyや
debrisやandやsubsequentlyやthroughやaや0.2やょmやmembraneやtoやremoveやanyやresidualやcells.やTheやpreまpurifiedや
mediumやfractionやwasやsubsequentlyやloadedやonやtheやcolumn.や

Forやconcentrationやofやcellularやproteins,やtheやharvestedやcellsやwereやresuspendedやinやlysisやbufferや(20や
mMやTrisまHClや(pHや7.2),や5%やglycerol,や20やょgぉmL┑1やDNaseIや(Roche,やMannheim,やGermany),やEDTAまfreeや
proteaseやinhibitorや(Roche))やandやsonicatedや(3やcyclesやofや30やsやsonicationやandや30やsやonやice).やTheやlysateやwasや
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clearedやbyやultracentrifugationや (BeckmannやTLAま100.3や rotorや (Beckman,やLismeehan,や Ireland),や70,000や
rpm,や30やmin)やandやtheやsolubleやsupernatantやloadedやonやtheやcolumn.や

Forや ionやexchangeや chromatography,や10やmLや columnsや (QやSepharoseやFastやFlow,やGEやHealthcare,や
LittleやChalfont,やUnitedやKingdom)やwereやfreshlyやpreparedやforやeachやpurification.やAやvacuumやpumpやwasや
usedや toやpassや theやmediumやsamplesや throughや theやcolumn.やAfterや loadingやofや theや sampleや (mediumやorや
cellularや lysate),や theや columnやwasやwashedやwithやaやTrisやbasedやbufferや (20やmMやTrisまHClや (pHや7.2),や5%や
glycerol,や1やmMやMgCl2,や5やmMやdithiothreitol)やcontainingや50やmMやNaCl.やProteinや fractionsやwereや thenや
elutedやwithやbufferやcontainingやrisingやconcentrationsやofやNaClや(100やmM,や150やmM,や200やmM,や300やmM,や400や
mMやandや1やMやNaCl).や

2.7.ȱVitaminȱB12ȱAssayȱ

Theや bioassayや forや theや detectionや ofや B12や contentや inや theや proteinや fractionsや fromや ionや exchangeや
chromatographyやisやbasedやonやtheやSalmonellaȱentericaやserovarやTyphimuriumやLT2やstrainやAR2680や(metE�,や
cbiB–).やDetailsやofやtheやassayやareやdescribedやelsewhereや[24].やInやveryやbrief,やthisやSalmonellaȱstrainやcannotや
synthesizeや B12や deや novoや (CbiB–)や andや hasや noや B12まindependentやmethionineや synthaseや (MetE–).や Thus,や
growthやofやthisやstrainやisやdependentやonやanやexternalやsourceやofやvitaminやB12やasやaやcoまfactorやforやtheやvitaminや
B12まdependentやmethionineやsynthaseやMetH.やTheやplaqueやsizeや(growth)やisやdependentやonやtheやamountやofや
externallyやsupplementedやvitaminやB12,やandやcanやthusやbeやusedやtoやsemiまquantifyやVitaminやB12やlevelsやinやtheや
sample.やAやcalibrationやcurveやusingや10やょLやofや0.001やょM,や0.01やょM,や0.1やょMやandや1やょMやB12やsolutionsやledやtoや
theやequationやusedやtoやcalculateやtheやB12やcontentやinやtheやanalyzedやsamples:や

vitaminやB12やconcentrationや(ょM)や=や0.0029や×や(plaqueやdiameterやinやcm)5.4616や (1)や

UnpairedやStudent’sや tまtestsやwereやperformedやusingや theやsoftwareやPrismや (versionや7.0,やGraphPadや
Software,やLaやJolla,やCA,やUSA).やValuesやwereやconsideredやstatisticallyやsignificantやforやpや<や0.05.や

2.8.ȱReducingȱSDSȬPAGE,ȱNativeȱPAGEȱandȱWesternȱBlottingȱ

Samplesやwereやseparatedやbyやelectrophoresisやonや12%やpolyacrylamideやgelsやusingやaやBioまRadやMiniや
ProteanやGelや systemや (BioまRadやLaboratories,やWatford,やUnitedやKingdom).やForや reducing,やdenaturingや
sodiumやdodecylやsulfateやpolyacrylamideやgelやelectrophoresisや(SDSまPAGE),やsamplesやwereやboiledやwithや
Laemmliやbufferやcontainingやぽまmercaptoethanolやatや95や°Cやforや5やminや(crudeやcellularやlysatesやandやmediumや
samples)やorや10やminやatや50や°Cや(fractionsやfromやionやexchangeやchromatography).やForやnativeや や や analysis,や
samplesやwereやnotやboiledやandやnoやsodiumやdodecylやsulfateやnorやぽまmercaptoethanolやwasやusedやinやsamples,や
gelsやorやrunningやbuffer.やTheやpolyacrylamideやgelsやwereやsubsequentlyやimmunoblottedやusingやantibodiesや
againstやtheやCまterminalやHAまtagや(SigmaまAldrich,やDorset,やUnitedやKingdom)やandやagainstやtheやCまterminusや
ofやtheやIFやproteinや(abcam)やtoやdetectやtheやproteinやofやinterest.や

2.9.ȱDensitometricȱAnalysisȱ

Densitometryやanalysisやofや immunoblotsやwasやperformedやusingや ImageLabやSoftwareやVersionや4.1や
(BioまRadやLaboratories,やWatford,やUnitedやKingdom).やTheや relativeやabundanceやofや theや IFやproteinやwasや
calculatedやinやrelationやtoやtheやproteinやbandやfoundやwithoutやsupplementationやofやB12やtoやtheやmedium.やForや
theやarsまIFやstrains,やtheやcalculatedやabundanceやwasやnormalizedやtoやtheやOD750やofやtheやculturesやmeasuredやatや
harvestingやtoやaccountやforやgrowthやdifferences.やThisやcorrectionやwasやnotやperformedやforやtheやIFやstrainsやasや
equalやamountsやofやcellularやlysateやstandardizedやtoやOD750やwereやloadedやonやtheやgel.や

3.ȱResultsȱ

3.1.ȱGenerationȱofȱC.やreinhardtiiȱNuclearȱTransformantsȱ�IF�ȱandȱ�arsȬIF�ȱ

Forやthisやstudy,やconstructsやforやnuclearやtransformationやofやaやwallまdeficientやC.ȱreinhardtiiȱstrainや(CCま
849)やwereやassembledやwithやtheやhumanやgeneやencodingやtheやmatureやsequenceやofやtheやB12まbindingやproteinや
IFや flankedや byや 5たや andや 3たや untranslatedや regionsや (UTRs)や ofや theや PSADや gene.や Twoや constructsや wereや
generated—oneやforやcytoplasmicやexpressionや(Figureや1a)やencodingやIFやandやaやsecondやversionやwithやtheや
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additionやofやanやNまterminalやsignalやpeptideやfromやARS2や(Figureや1b).やThisやsignalやpeptideやhasやpreviouslyや
beenや shownや toや enableや secretionや toや theや mediumや inや C.ȱ reinhardtiiや ofや recombinantや proteinsや [18].や
Additionally,やaやCまterminalやHAやepitopeやtagやwasやaddedやtoやbothやproteinsやforやdetectionやpurposes.やTheや
bleやmarkerやdownstreamやofやtheやgeneやofやinterestやonやtheやpCrEX1やplasmidやwasやusedやtoやselectやforやpositiveや
transformantsやafterやtransformationやbyやagitationやofやaやDNAまcellやmixtureやwithやglassやbeadsや(modifiedや
fromやpreviouslyやdescribedやmethodsや [22,25],や seeやSectionや 2.3).やTheやpresenceやofや theや IFや cassetteやwasや
verifiedやbyやPCRや(FigureやS1)やinやcoloniesやthatやgrewやonやZeocinやafterやtransformation.やPositiveやcandidatesや
basedやonやPCRやresultsやwereやthenやsubjectedやtoやimmunoblotやanalysisやtoやscreenやforやexpressionやofやtheやIFや
protein.やTwoや strainsやwithや theや respectiveや constructsやwereや foundや toや expressやdetectableや levelsやofや IFや
(Figureや2).やTheやstrainsやwereやnamedや“IF”やandや“arsまIF”や(Figureや1)やandやsubjectedやtoやfurtherやanalysis.や

3.2.ȱExpressionȱofȱHumanȱIntrinsicȱFactorȱinȱC.やreinhardtiiȱ

TheやexpectedやsizeやofやtheやmatureやsizeやIFやbasedやonや itsやaminoやacidやsequenceやisや44.6やkDa.やTheやIFや
proteinやexpressedやinやtheやIFやstrainやhasやaやsimilarやsizeやmigratingやonやanやSDSまPAGEやslightlyやfasterやthanや
theや46やkDaやmolecularやweightやstandardや(Figureや2a).やAdditionally,やaやsecondやnonまspecificやbandやcrossま
reactingやwithやtheやHAやantiserumやwasやdetectedやinやcellularやlysatesやofやboth,やtheやIFやandやtheやcontrolやstrainや
aroundや32やkDaやthatやweやpreviouslyやobservedやinやC.ȱreinhardtiiȱcellularやlysatesや[26].やTheやIFやproteinやwasや
expressedやwithやanやNまterminalやARS2やsignalやpeptideやinやtheやarsまIFやstrain.やTheやsignalやpeptideやandやtheや
matureやIFやproteinやhaveやaやcombinedやpredictedやmolecularやweightやofや46.3やkDa,やhowever,やtheやexpectedや
sizeやofやtheやmatureやproteinやafterやcleavageやofやtheやARS2やsignalやpeptideやisやtheやsameやmolecularやweightやasや
theやcytoplasmicやIFやproteinやwithや44.6やkDaや(thisやobservationやisやdiscussedやinやmoreやdetailやinやSectionや4.2).や
ImmunoblotやanalysisやofやtheやarsまIFやcultureやmediumやshowsやtheやproteinやmigratingやatやaやsizeやaroundや50や
kDaやwhichやisやslightlyやbiggerやthanやexpected.やToやfurtherやverifyやtheやband,やwhichやisやnotやpresentやinやtheや
CCま849やcontrolやstrainや(Figureや2b),やtheやproteinやwasやalsoやimmunoblottedやusingやanやIFまspecificやantibody.や
Withやbothやantibodies,やtheやsameやbandやwasやdetected.や

Toやdetermineやtheや localizationやofやtheやprotein,やcultureやsupernatantや(medium)やandやpelletedやcellsや
(cellularやlysate)やwereやimmunoblottedやseparately.やInやtheやIFやstrain,やtheやIFやproteinやwasやonlyやdetectedやinや
cellularやlysatesや(Figureや2a,d).やInやcontrastやtoやthis,やtheやIFやproteinやexpressedやinやtheやarsまIFやstrainやwithやtheや
ARS2やsignalやpeptideやwasやonlyやfoundやinやtheやcultureやsupernatantや(Figureや2b),やnoやproteinやwasやdetectedや
inやcellularやlysatesや(Figureや2c).や
 や



Biologyȱ2018,や7,や19や 6やofや13や

 

や
Figureȱ2.やExpressionやofやhumanやintrinsicやfactorや(IF)やproteinやandやarsまIFやinやC.ȱreinhardtiiȱCCま849やdetectedや
byや immunoblotやanalysisやusingやHAや(ぼHA)やandや intrinsicやfactorや(ぼIF)やantibodies,やrespectively,や inやtheや
cultureやmediumや andや cellularや lysates.や (a)やCellularや lysatesや ofや IFや strainや expressingや theやprotein.やTheや
proteinやbandやisやindicatedやwithやanやarrowや(IF).やAやsecond,やnonまspecificやbandやcrossまreactingやwithやtheやHAや
antiserumや isや indicatedや (N.S.).や (b)や Cultureや supernatantや (medium)や ofや transformedや CCま849や strainや
expressingや arsまIF.や ‘C’や indicatesや aや negativeや controlや (cellularや lysateや andや supernatantや ofや theや
untransformedやCCま849やstrain).や(c)やCellularやlysatesやofやarsまIFやstrainやandやCCま849.や(d)やCultureやmediumやofや
arsまIFやandやIFやstrain.や

3.3.ȱC.やreinhardtiiȬProducedȱIFȱStabilityȱIncreasesȱwithȱExternalȱVitaminȱB12ȱSupplementationȱ

ToやtestやtheやB12やbindingやcapacitiesやofやtheやmicroalgalやIFやproducedやprotein,やtheやIFやandやarsまIFやstrainsや
wereやgrownやinやTAPやmediumやsupplementedやwithやvitaminやB12やatやaやconcentrationやofや0,や20,や50やandや100や
ょgぉL–1.やAsやshownやbyやimmunoblotting,やaやcorrelationやbetweenやhigherやB12やlevelsやandやtheやIFやproteinや(arsま
IFやstrain)やinやtheやmediumやisやobservedや(Figureや3a).やTheやproteinやabundanceやincreasesやapproximatelyや2.1や
foldや(±0.50)やwithやtheやadditionやofや100やょgぉL–1やB12やinやtheやcultureやmediumや(Tableや1).やSimilarly,やbasedやonや
densitometricやanalysisやofやrelativeやproteinやabundance,やtheやcytoplasmicやIFやproteinやinやtheやIFやstrainやisやalsoや
estimatedやtoやbeやmoreやabundantやwithやB12やsupplementedやinやtheやmedium.やHowever,やhereやtheやhighestや
abundanceやofやIFやisやestimatedやtoやbeやatや50やょgぉL–1やB12や(Figureや3bやandやTableや1).や

や
Figureȱ3.やAccumulationやofやhumanやintrinsicやfactorや(IF)やproteinやinやC.ȱreinhardtiiやarsまIFやandやIFやculturesや
withや increasingや concentrationsや ofや vitaminや B12や (cobalamin)や supplementedや TAPやmedium.や (a)やHAま
immunoblotやofやmediumやharvestedやfromやCCま849やandやarsまIFやculturesやgrownやtoやlateやlogやphaseやcontainingや
0,や20,や50やandや100やょgぉL–1やVitaminやB12.やEqualやamountsやofやcultureやsupernatantや(20やょL)やloadedやperやlane.や
(b)やHAまimmunoblotやofやcellularやlysatesやfromやCCま849やandやIFやculturesやgrownやtoやlateやlogやphaseやwithや0,や
20,や50やandや100やょgぉL–1やVitaminやB12やsupplemented.やEqualやamountsやofやcellularやlysateやstandardizedやbyや
OD750やloaded.やMobilityやofやIFやproteinやindicatedやbyやarrow,やN.S.やdenotesやaやnonまspecificやproteinやcrossま
reactingや withや theや HAまserum.や Supplementaryや Figureや S2や showsや Coomassieや stainedや SDSま
polyacrylamideやgelsやwithやtotalやproteinやloadedやforやrespectiveやwesternやblotやsamples.や
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Tableȱ1.やRelativeやhumanや intrinsicや factorや (IF)やproteinやexpressionや levelsや inや IFやandやarsまIFや strainsや forや
differentやB12やconcentrationやsupplementedやtoやgrowthやmediumや(nや=や3や±やstandardやerror).や

VitaminȱB12ȱinȱMediumȱ(ΐgȉLƺ1) arsȬIFȱStrainȱ(Medium) 1ȱ IFȱStrainȱ(Cytoplasmic)ȱ2ȱ
0や 1.0や 1.0や
20や 1.1や± 0.01 1.4や±や0.15や
50や 1.6や±や0.17や 2.3や±や0.17や
100や 2.1や±や0.50や 1.4や±や0.11や

1や Densitometricや relativeや quantityや ofや IFや wasや normalizedや toや theや OD750や ofや theや respectiveや culturesや
measuredやwhenや samplesやwereや harvested.や 2や Equalや amountsや ofや cells,や normalizedや toやOD750,や forや allや
culturesやwereやloadedやonやgelやforやimmunoblotting.や

3.4.ȱCorrelationȱofȱVitaminȱB12ȱandȱIFȱProteinȱLevelsȱ

ToやfurtherやinvestigateやifやtheやIFやproteinやwasやbindingやB12,やtheやproteinやwasやconcentratedやfromやcellularや
lysatesや (IFや strain,や CCま849や control)や andや theやmediumや (arsまIFや strain,や CCま849や control).や Ionや exchangeや
chromatographyやwasやusedやtoやconcentrateやandやseparateやproteinやfractionsやfromやtotalやcellularや(IFやstrain)や
orやsecretedやproteinや(arsまIF).やProteinやfractionsやwereやelutedやwithやrisingやNaClやconcentrationsやfromや100やmMや
toや1やMやNaCl.やBothやIFやexpressingやstrainsやandやtheやnegativeやcontrolやstrainやCCま849やwereやgrownやwithやeitherや
noやB12やorや20やょgぉL–1やB12やsupplementedやtoやtheやmedium.やTheやmajorityやofやtheやIFやproteinやwasやelutedやwithや100–
150やmMやNaClやinやbothやcases,やtheやmediumやandやtheやcytoplasmicやIFやversion,やasやshownやbyやimmunoblotや
analysisやofやtheやindividualやproteinやfractionsや(Figureや4).やImmunoblotsやofやIFやconcentratedやfromやcellularや
lysatesやofやtheやIFまstrainやshowedやoneやprominentやbandやofやtheやproteinやwithやbothやreducingやSDSまPAGEやandや
nativeやPAGEや(Figureや4a).やInやtheやmediumやversion,やbandsやmigratingやdifferentlyやinやnativeやPAGEやthanやwithや
reducingやSDSまPAGEやwereやobservedや(Figureや4b).や や

ȱ

Figureȱ4.やProteinやfractionsやpurifiedやfromや(a)やcellularやlysatesや(humanやintrinsicやfactorや(IF)やstrain)やandや(b)や
mediumや(arsまIFやstrain)やHAまImmunoblotsやofやreducingやSDSまやandやnativeまPAGEやshowやtheやpresenceやofや
theやIFやproteinやinやtheやseparateやfractions.やLまlysate;やFまT—flowまthrough;やWまwashやfractionsや(washや1やandや
washや2やasやshownやinやFigureや4やwereやpooled);や100やmM–1000やmM:やNaClやconcentrationsやofやelutedやfractions.や

Allや fractions,や theや lysatesや andやmediumや samplesやwereや subsequentlyやusedや inや aやB12やbioassayや toや
quantifyやtheirやB12やcontent.やThisやbioassayやisやbasedやonやtheやgrowthやdependencyやofやaやSalmonellaȱentericaȱ
(metE�やcbiB–)やstrainやonやexternalやB12やsupplementation.やAllやexperimentsやwereやperformedやinやtriplicateやandや
theやB12やcontentやfoundやinやtheやindividualやfractionsやisやshownやinやFigureや5aやforやtheやIFまstrainやandやFigureや5bや
forやtheやarsまIFやstrainやwhenやculturesやwereやsupplementedやwithや20やょgぉL┑1やB12.やInやbothやcases,やtheやhighestや
B12や contentや wasや foundや inや theや lysateや (medium),や flowまthroughや andや washや fractions.や Significantや
differencesやinやB12やcontentやbetweenやtheやcontrolやstrainやandやtheやIFやstrainやwereやonlyやfoundやinやtheやcellularや
lysateや(pや=や0.01)やhoweverやthisやobservationやwasやnotやsupportedやbyやtheやelutedやproteinやfractionsや(Figureや
5a).やInやcaseやofやtheやarsまIFやstrain,やsignificantやdifferencesやwereやonlyやfoundやinやtheや100やandや150やmMやNaClや
elutedやproteinや fractionsや (pや =や 0.02)や (Figureや 5b).やAllやpurificationsや fromや culturesやgrownやwithoutやB12や
supplementedや inや theやmediumやdidやnotやcontainやB12や levelsやdetectableやwithや theやbioassay.やTheやelutionや
patternやofやtheやIFやproteinやinやtheseやsamplesやwas,やhowever,やfoundやtoやbeやoverallやtheやsameやasやfromやculturesや
supplementedやwithやB12.やTheやmajorityやofやsecretedや IFやproteinやwasや foundや toやbeやcleavedやorやdegradedや
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withoutやB12やsupplementationやasやseenやbyやSDSまPAGEやanalysisやduringやtheやpurificationやprocessや(Figureや
S3b).やWhereasやaやsimilarやpattern,やwithやandやwithoutやB12やsupplementationやofやtheやmedium,やwasやfoundやforや
theやcytoplasmicやIFやproteinや(FigureやS3a).や

や
Figureȱ5.やVitaminやB12やcontentやofやproteinやfractionsやpurifiedやfromやIFやandやarsまIFやstrainsやgrownやwithや20やょgぉL–

1や supplementedやTAPやmediumやdeterminedやusingやaやplaqueや assayやofやSalmonellaȱ entericaȱ (metE�や cbiB–).や
Fractionsやwereやelutedやwithや increasingやconcentrationsやofやNaClや (100やmMや toや1やM).やDataやshowやaverageや
values,やerrorやbars:やstandardやerrorや(nや=や3).やStatisticallyやsignificantやdifferencesやbetweenやtheやcontrolやandやtheや
respectiveやstrainやforやeachやfractionやareやindicatedやwithやanやasteriskや(Student’sやtまtest,やpや<や0.05).や(a)やB12やamountsや
detectedやinやfractionsやofや1やLやcellularやlysatesやfromやIFやandやCCま849やstrains.や(b)やB12やamountsやdetectedやinやproteinや
fractionsやpurifiedやfromや1やLやmediumやofやarsまIFやorやCCま849やcultures.や

4.ȱDiscussionȱ

4.1.ȱExpressionȱandȱEfficientȱSecretionȱofȱaȱHumanȱGlycoproteinȱIntrinsicȱFactorȱinȱMicroalgaeȱ

InやthisやstudyやweやhaveやsuccessfullyやexpressedやtheやhumanやB12やreceptorやproteinやIFやinやC.ȱreinhardtii.や
Theやproteinやwasやexpressedやfromやtheやnuclearやgenomeやasやthisやallowedやforやsecretionやofやtheやproteinやtoやtheや
mediumやandやpotentialやglycosylationやofや theやprotein.やTwoやdifferentやstrainsやwereやgeneratedや forや thisや
study—oneやstrainやexpressingやtheや44.6やkDaやIFやproteinやinやtheやcytoplasmや(IFまstrain)やandやaやsecondやstrainや
thatやsecretesやtheやproteinやtoやtheやmediumや(arsまIF).やTheやarsまIFやexpressedやIFやproteinやhasやbeenやfoundやtoやbeや
efficientlyやsecretedやtoやtheやmediumやbyやmeansやofやanやARS2やsignalやpeptideやthatやhasやpreviouslyやbeenやusedや
toやsecreteやaやrecombinantやenzymeや [18].やNoやproteinやwasやdetectedや inや theやcellularや lysateや inや theやarsまIFや
strainや(Figureや2c).やThisやsuggestsやmoreやefficientやsecretionやofやtheやarsまIFやthanやwhatやhasやbeenやreportedやforや
secretionやofやaやluciferaseやusingやtheやsameやARS2やsignalやpeptideや[18].やToやdate,やonlyやfewやstudiesやonやtheや
secretionやofやrecombinantやproteinsやinやmicroalgaeやareやavailable.やMostやreportsやareやfromやtheやgreenやalgaや
C.ȱreinhardtiiや[18,27–30]ȱorやtheやdiatomやPhaeodactylumȱtricornutumȱ[31,32].や

4.2.ȱPosttranslationalȬModificationȱofȱtheȱSecretedȱIFȱProteinȱ

BasedやonやmigrationやonやSDSまPAGEやgels,やtheやsecretedやmicroalgalやIFやproteinやshowedやaやconsistentlyや
largerやmolecularやsizeやcomparedやtoやtheやcytoplasmicやproteinや(Figuresや3,や4やandや5b,c).やThereやareやseveralや
reasonsやthatやcouldやexplainやthis.やOneやpossibilityやisやtheやfailureやtoやcleaveやtheやsignalやpeptide.やHowever,や
theやARS2やsignalやpeptideやonlyやaddsやapproximatelyや1.7やkDaやtoやtheやmatureやproteinやwhichやseemsやunlikelyや
toやcauseやtheやobservedやshiftやofやaroundや5やtoや10やkDa.やAやpreviousやstudyやhasやusedやanやARS1やsignalやpeptideや
forやsecretionやofやaやproteinや toや theやmediumやandやobservedやaやsimilarやpattern.や Inや thisやstudy,や theやsignalや
peptideやwasやnotやfoundやwithやmassやfingerprintやanalysisやsuggestingやthatやtheやnonまcleavageやofやtheやsignalや
peptideやwasやunlikelyや[18].や

Anotherやpossibilityやthatやcouldやexplainやtheやsizeやdifferenceやisやtheやpostまtranslationalやmodificationや
ofやtheやIFやprotein.やThisやisやlikelyやasやtheやhumanやIFやproteinやcontainsやanやNȬglycosylationやsiteや[33]やandやisや
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knownやtoやbeやhighlyやglycosylated.やWhenやpreviouslyやexpressedやinやhigherやplantsや(Arabidopsisȱthaliana)や
glycosylationやwasや observedや andや theや proteinや detectedや hadや aや similarや sizeや ofや 50や kDaや toや theや algalや
expressedやIFや[34].やTheやglycosylationやofやIFやseemsやtoやbeやnonまessentialやforやB12やandやreceptorやbindingや[35],や
however,やitやmayやstabilizeやandやprotectやtheやproteinやfromやdegradationやinやtheやlowやpHやandやproteolyticや
conditionsやinやtheやintestine.やNotやmuchやisやknownやaboutやNȬglycosylationやinやChlamydomonasȱ[27,36,37]や
andやeffortsやtoやcharacterizeやtheやsecretedやIFやproteinやinやmoreやdetailやwereやpreventedやbyやlowやexpressionや
levels.や Treatmentや ofや theや proteinや withや aや commercialや deglycosylationや enzymeや cocktailや (Proteinや
DeglycosylationやMixやII,やNewやEnglandやBiolabs,やHitchin,やUnitedやKingdom)やwasやinconclusiveやandやweや
didやnotやobtainやsufficientやamountsやofやpureやproteinやforやmassやspectrometryや(dataやnotやshown)やfromや1やLや
culturesや(OD750nmやbetweenや0.6やandや0.8).やLowやexpressionやlevelsやofやrecombinantやproteinsやareやtoやdateやaや
commonやproblemや seenや inやChlamydomonasや (previousや studiesやhaveや reportedや 0.25%やofや totalや cellularや
proteinや[38]やorや0.25%やofやtotalやsolubleやproteinや[30]やforやexample).やThisやisやlikelyやdueやtoやvariousやfactorsや
suchやasやrandomやinsertionやofやtheやconstructやinやtheやnuclearやgenomeやandやefficientやsilencingやmechanismsや
[39].やRecentやeffortsや toやestablishや targetedやDNAやapproachesや (seeや [14,40]や forや recentや reviews)やsuchやasや
CRISPR/Cas9やtechnologyや[41–43]やforやnuclearやtransformationやinやC.ȱreinhardtiiやcouldやbeやpromisingやtoolsや
toや increaseやrecombinantやproteinやyieldsやallowingや forやaやmoreやdetailedやcharacterizationやofや theやalgaeま
producedやIFやprotein.や

4.3.ȱVitaminȱB12ȱEnrichmentȱinȱIFȱExpressingȱC.やreinhardtiiやStrainsȱ

EukaryoticやmicroalgaeやdoやnotやproduceやB12やandやmoreやthanやhalfやofやmicroalgalやspeciesやareやthoughtや
toやbeやB12やauxotrophsやrelyingやonやB12やobtainedやfromやsymbioticやrelationshipsやwithやbacteriaや[44,45].やTheや
modelやalgaやC.ȱreinhardtiiやusedやinやthisやstudyやhasやbeenやshownやtoやbeやB12やindependentやasやitやcontainsやMETEや
(B12まindependentやmethionineやsynthaseやgene).やHowever,やtheやalgaやalsoやcontainsやtheやB12まdependentやB12や
methionineやsynthaseやMetHやwhichやisやpreferablyやusedやinやtheやpresenceやofやB12や[44].や や

NoやB12やwasやdetectedや inや anyやproteinや fractionsや concentratedや fromや culturesやgrownやwithoutやB12や
supplementationや (Tableや S1)や whichや isや expectedや asや theや algaeや wereや grownや axenically.や Whenや
supplementingや theやmediumやwithやB12,や increasedやamountsやofや theや IFやproteinやwereやdetectedや inやbothや
strains,やIFやandやarsまIFや(Figureや3やandやTableや1).やThisやindicatesやthatやtheやIFやproteinやisやstabilizedやdueやtoやB12や
binding.やIFやisやaやknownやB12やbindingやproteinやandやformationやofやtheやholoまIFやformやstabilizesやtheやproteinや
[33].やBindingやofやB12やtoやtheやcytoplasmicやIFやproteinやpresumesやtheやcellularやuptakeやofやB12やfromやtheやmediumや
intoやtheやcell.やB12やtransportやintoやtheやcellやinやChlamydomonasやisやexistent,やevidentやbyやtheirやabilityやtoやutilizeや
B12や[44,46]やbutやmolecularやmechanismsやofやB12やuptakeやinやmicroalgaeやhaveやhardlyやbeenやdescribedや[47].や
TheやsemiまquantitativeやB12やassayやshowsやaやsignificantやdifferenceやofやtheやtotalやB12やamountやaccumulatedやinや
theやIFやstrainやlysatesやcomparedやtoやaやnegativeやcontrolやstrainや(Figureや5a).やHowever,やthisやobservationやwasや
notやsupportedやbyやtheやindividualやelutionやfractions.やIfやtheやincreasedやamountやofやB12やfoundやinやtheやIFやlysatesや
wasやdirectlyやdueやtoやbindingやtoやtheやIFやprotein,やoneやwouldやexpectやtoやseeやaやsignificantやdifferenceやinやtheや
elutionsやcontainingやtheやmajorityやofやtheやIFやproteinや(100やmM,や150やmMやNaCl,やFigureや4).やHowever,やnoや
significantやdifferencesやofやanyやofやtheやelutionやfractionsやwereやfoundやforやtheやIFやandやCCま849やcontrolやstrain.や
Consequently,や itや isやpossibleや thatや theや expressionやofや IFや inや theや algaeやdoesや leadや toや anや enrichmentやofや
intracellularやvitaminやB12,やbutやfurtherやworkやisやneededやtoやsupportやthisやhypothesis.や や

WithやtheやarsまIFやstrain,やtheやIFやproteinやwasやpurifiedやfromやtheやmediumやwhereやtheやbackgroundやfromや
otherやcoまpurifiedやproteinsやisやsignificantlyやlowerやthanやinやtheやcellularやlysates.やHere,やtheやfractionsやthatや
containやtheやhighestやamountやofやIFやproteinやshowやaやsignificantlyやhigherやB12やcontentやwhenやcomparedやwithや
theやcontrolやstrainやCCま849や(Figureや5b).や や

Weやalsoやobservedやthat,やinやtheやflowまthroughやandやtheやwashやfractionsや(Figureや5b),やnoやsignificantや
differencesやbetweenやtheやarsまIFやandやtheやcontrolやstrainやisやseen.やThisやisやlikelyやtoやbeやdueやtoやtheやunboundや
B12やwashingやoffや andや theやB12やdetectedや inや subsequentや elutionや fractionsやmostや likelyやbeingやboundや toや
protein.やHowever,やtheやB12やbioassayやusedやinやthisやstudyやdoesやnotやallowやdistinguishingやbetweenやproteinま
boundやB12やandやfreeやB12.やTherefore,やweやcannotやconcludeやifやtheやB12やwasやboundやtoやtheやsecretedやIFやprotein.や

InやtheやcaseやofやtheやcytoplasmicやIFやprotein,やthereやisやaやstatisticallyやsignificantやdifferenceやbetweenやB12や
concentrationsやmeasuredやinやcellularやlysatesやexpressingやIFやandやtheやcontrolやstrainや(Figureや5a).やHowever,や
thereやwasやnoやsignificantやdifferenceやobservedやinやtheやelutionやfractions.やOneやreasonやforやthisやmightやbeやthatや
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theやassayやdoesやnotやdistinguishやbetweenやB12やboundやtoやtheやIFやproteinやorやotherやcellularやproteins.やOtherや
enzymesやalreadyやknownやtoやbeやassociatedやwithやintracellularやB12やmetabolismやinやalgaeやwillやmostやlikelyや
interactやwithや internalizedやB12や [45].やThisや couldや explainや theやhighやbackgroundや foundや inや theやproteinや
elutionsやfromやbothやcellularやlysates,やCCま849やandやIFやstrainや(Figureや5a).やAdditionally,やaやrelativeやdecreaseや
ofや cytoplasmicや IFや wasや observedや fromや culturesや supplementedや withや 50や ょgぉL–1や B12や toや culturesや
supplementedやwithや100やょgぉL–1やB12や(Figureや3bやandやTableや1).やAlthoughやweやcanやonlyやhypothesize,やthisや
decreaseやcouldやbeやdueやtoやconcentrationまdependentやtoxicityやofやtheやproteinやandやtherewithやassociatedや
cellularやregulatoryやprocesses.やAdditionally,やdueやtoやtheやrandomやinsertionやofやtheやexpressionやcassetteやinや
theやnuclearやgenome,やthereやisやtheやpossibilityやthatやotherやcellularやfunctionsやmayやbeやaffected.や

4.4.ȱIntrinsicȱFactorȱforȱDevelopingȱB12ȬEnrichedȱMicroalgaeȱ

Inや thisや studyや weや expressedや IFや inや theや eukaryoticや microalgaeや Chlamydomonasȱ exploringや theや
potentialやofやenrichingやbioavailableやB12やusingやaやmicroalgalやhost.やWeやproposeやthatやthisやmodelやalgaやcouldや
beやaやgoodやchassisや forや futureやproductionやofやmicroalgalや functionalや foodsやandやdietaryやB12やcontainingや
supplements.や Forや example,や recentlyや itや hasや beenや shownや thatや cyanobacteriaや produceや aや differentや
chemicalやvariantやofやB12や[48].やThisやchemicalやvariantやofやB12や(alsoやknownやasやpseudocobalamin)やbindsやwithや
aやmuchやlowerやaffinityやtoやB12やreceptorやproteinsやsuchやasやIFやmakingやitやlessやbioavailableやforやhumansや[49].や
Eukaryoticやmicroalgae,やonやtheやotherやhand,やutilizeやtheやsameやB12やvariantsやasやhumans,やtherefore,やmakingや
themやaやbetterやsourceやofやB12やsupplementation.や や

Asや shownや recentlyや forや Chlorellaや supplementsや [6],や currentlyや availableや eukaryoticやmicroalgalや
supplementsや canや containやvaryingや amountsやofやB12.やThisや isやmostや likelyやdueや toやdifferentや cultivationや
conditionsやalteringやtheやcompositionやofやtheやassociatedやbacterialやbiofilmsやthatやareやtheやoriginalやsourceやofや
B12や foundや inや theや supplements.や Inや thisや respect,や theや establishmentや ofや closed,や standardizedや growthや
systems,や asや previouslyや shownや forや Chlamydomonasや [50,51],や allowsや forや muchや moreや controlや overや
contaminationやcomparedやtoやopenやsystemsやandやherebyやalsoやofやtheやB12やcontentやinやtheやfinalやproduct.やInや
addition,やeffortsやtoやengineerやmicroalgalやcommunitiesや(reviewedやrecentlyやinや[12,52])やwithやsymbioticや
relationships,やasやfoundやbetweenやMesorhizobiumȱlotiやandやLobomonasȱrostrataや[53,54],やcouldやallowやforやaや
moreやcontrolledやinteraction,やandやthusやfluxやofやB12,やofやtheやmicroalgaやandやassociatedやbacteria.やFinally,や
lookingやatやtheやcurrentやmarket,やIF,やofやanimalや(porcine)やorigin,やisやcommerciallyやavailableやinやsomeやB12や
supplements.やThisやproofまofまconceptやstudyやshowsやthatやmicroalgaeやareやaやpotentialやvegetarianまfriendlyや
alternativeやtoやIFまB12やcoまformulationやinやfunctionalやfoodsやandやdietaryやsupplements.や

5.ȱConclusionsȱ

Hereや weや haveや shownや thatや theや humanや glycoproteinや Intrinsicや Factorや canや beや expressedや inや
Chlamydomonasȱreinhardtiiやfromやtheやnuclearやgenome.やTheやadditionやofやanやARS2ȱsignalやpeptideやleadsやtoや
efficientやsecretionやtoやtheやmedium.やOurやdataやsuggestや thatやtheやsecretedやIFやproteinやdirectlyやbindsやB12,や
however,や itや isや lessや clearや ifや theや cytoplasmicや IFや bindsや theや cofactorや orや hasや anや indirectや effectや onやB12や
enrichmentやinやtheやIFやstrain.やOurやdataやalsoやshowやaやcorrelationやofやhigherやproteinやlevelsやwithやhigherやB12や
concentrationsやsuggestingやaやpotentialやstabilizingやeffectやonやtheやprotein.やThisやstudyやisやaやfirstやproofまofま
conceptやutilizingや aやhumanやB12やbindingやproteinや asや aや toolや forや enrichingやB12や inやmicroalgaeや andや canや
contributeやtoやtheやfutureやdevelopmentやofやmicroalgalやfunctionalやfoods.や

SupplementaryȱMaterials:やTheやfollowingやareやavailableやonlineやatやwww.mdpi.com/2079ま7737/7/1/19/s1,やFigureやS1:や
PCRやanalysisやofやChlamydomonasȱreinhardtiiやstrainsやIFやandやarsまIF.やFigureやS2:やCoomassieまstainedやpolyacrylamideや
gelsやofやsamplesやshownや inやFigureや3.やFigureやS3:やIFやpurifiedやfromやculturesやgrownやwithoutやB12やsupplementation.や
TableやS1:やVitaminやB12やassayやplaqueやdiametersやmeasuredやinやdifferentやfractionsやfromやionやexchangeやchromatographyや
andやcalculatedやVitaminやB12やcontentやofやsamplesや(nM).や
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