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AnalysisofRecombinantGasVesicleProteinExpressedinEscherichiacoli

andHalobacteriumhalobium

KyungMyoKang

DepartmentofFisheriesBiology,TheGraduateSchool,

PukyongNationalUniversity

Abstract

Halophilesareextremophileorganismsthatthriveinenvironmentswith

highconcentrationofsalt.Halobacterium isagoodmodelorganism forthe

studyofLivingModifiedOrganisms(LMO)asthegroupcannotsurvivein

mostaquaticenvironmentduetodifferenceinosmoticpressure.Recombinant

gasvesicleprotein fused with lipaseand heavy-metalbinding motifwere

constructedforexploringitsapplicationonmarineecology.Gasvesiclegene

was amplified by PCR using genomic DNA template isolated from

Halobacterium halobium sp.NRC-1.Recombinantgvp genewasdesigned to

combinewithbindingsitesformercuryandsilicaaswellashistidine-tagfor

itsdetectionandpurification.ExpressionofrecombinantgvpinE.coliwas

identified by SDS-PAGE and western blot. Functional expression of

recombinantfusiongvpwerealsoidentifiedinHalobacteriumhalobium.
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AnalysisofRecombinantGasVesicleProtein

ExpressedinEscherichiacoliandHalobacterium

halobium

Ⅰ.Introduction

Halophilesareextremophileorganismsthatthrivein environmentswith

highconcentrationsofsalt.WhilemostofhalophilesareclassifiedasArchaea,

bacterialhalophilesandsomeEkaryotaarealsoknown.Theyarecategorized

astheslight,moderateorextremehalophilesbytheextentsofhalotolerance.

High salinity representsan extreme environmentin which relatively few

organismsareableto adaptand occupy theniches.Mosthalophilesare

unabletosurviveoutsidetheirhigh-saltenvironmentastheyareimmediately

lyseduponexposuretolow osmoticcondition.

HalobacteriumisagroupofArchaeathathaveahightoleranceforelevated

levelsofsalinitysuchasawaternearlysaturatedwithsaltandknownto

grow aerobicallyoranaerobically.Somewell-knownspeciesgiveoffared

colorfrom carotenoidcompounds.PartsofthemembranesofHalobacterium is

purplishincolor,mainlyduetothepresenceofbacteriorhodopsinpigment.

Somespeciesofhalobacteriahaveacidicproteinsthatresistthedenaturing

effectsofsalts.Somehalophilesarealsoknowntobefoundinthefermented

saltyfoodsaseitheressentialingredientsoraccidentalcontaminants.

Gasvesicleisahollow structuremadeofproteinconferringabuouancyto

thecell.Gasvesicleswerefound in fivephylaoftheBacteriaand two

groups of the Archaea although mostly restricted to planktonic
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microorganisms.Aquaticmicrobesareabletoperform verticalmigrationsby

regulatingtheirrelativegasvesiclecontent.Gasvesicleisnormallyfilledwith

airandimpermeabletoliquidwaterbuthighlypermeabletogases.Upto14

geneswereknowntobeimplicatedingasvesicleproductionHalobacterium.

Amongthese,GvpA makestheribsthatform thestructure,andGvpCbinds

totheoutsideoftheribsandstiffensthestructureagainstcollapse(Walsby

etal,1994).

Heavymetalsandoilareimportantingredientsforlifeontheearth.Oilis

oneoftheimportantenergysourcesbutsometimesbecomeoneofpollutants

intheenvironment.Thiscanbeexemplified byoilspillageintheoceanas

itblocksandcoversonthetopofthewaterresultinginmassmortalityof

marineorganisms.Ontheotherhans,heavymetalisanessentialingredient

constructingbiomolecularinlivingorganism.However,excessheavymetalsin

marineenvironmentspoilecosystem inthewaterasheavymetalsabsorbed

into the animals results in many diseases in humans.Therefore,itis

important to remove excess heavy metals flooded into the watery

environment.

Recombinantgenesencodinggasvesiclegenefusedwithbindingmotiffor

heavymetalandlipasewereconstructedtoexplorethepossibilityofusing

gasvesicleforremovalsofheavy metaland oilspill.Recombinantsgas

vesiclewereexpressedinE.coliwereidentifiedbySDS-PAGEandwestern

blotting.
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Ⅱ.MaterialsandMethods

1.Materials

TOPcloner
TM
TAcorekitandTOPspeedTM DNALigationkitwerepurchased

from Enzynomics(Daejeon,Korea).Plasmid purification and gelExtraction

kits were purchased from Nucleogen (Seoul,Korea).Various Restriction

endonucleaseenzymeswerepurchasedfrom Bioneer(Daejeon,Korea),New

England Biolabs(Beverly,MA),and Enzynomics(Daejeon,Korea).pET-19b

and pET-Duetvectorswereobtained from Novagen (Darmstadt,Germany).

pNRC100,pFM101D,and pFM104D were obtained from Dr.DasSarma

Laboratory,UniversityofMaryland,Baltimore,USA.Oligonucleotidesand5x

HiQ-PCRmixwerepurchasedfrom Genotech(Daejeon,Korea).PCR primers

are listed in the Table 1. Kits used for the purification of

PolyHistidine-Tagged protein was purchased from MACHEREY-NAGEL

(Düren,Germany).Anti-His6antibodywaspurchasedfrom IG TherapyCo.

(Chuncheon,Korea).Immunnopure GoatAnti-Mouse IgG and Supersignal

WestPicoChemiluminescentSubstratewerepurchasedfrom ThermoScientific

(Rockford,USA).Nickel-NTA Conjugatesused forthedirectdetection of

His-taggedproteinswaspurchasedfrom KPL(Gaithersburg,USA).
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2.Constructionofrecombinantgvpgenes

2-1.IsolationofgenomicDNAfrom Halobacteriumhalobium

GenomicDNA wasisolated from Halobacterium halobium sp.NRC-1and

usedasatemplateinthePCRusing5xHiQ-PCRMixcontainingbuffers[10

mM Tris(pH 9.0),1.5mM MgCl
2
,40mM KCl],1mM dNTPs[250μM each]

andTaqDNApolymerase.PrimersusedforPCRwerelistedinTable1.

ForPCRreaction,themixture(30μL)contained3μLofgenomicDNA,3

μLofgvp-Fandgvp-Rprimers(10μM),6μLof5xHiQ-PCRMixand15μL

ofdistilledwater.PCR wascarriedoutwithaninitialdenaturationat95℃

for3min,30cyclesof30secat95℃,30secat55℃ and1minat72℃,

and finalextension for5 min at72℃ in a MyCyclerTM ThermalCycler

(BioRadLaboratories).PCR productcorrespondingtotheexpectedsizewas

isolatedfrom agarosegelandligatedintoapTOPTA V2usingTOPcloner
TM

TA corekit.Theligationmixturecontaining4μLofisolatedPCRproduct,1

μLofpTOPTA V2(10ng/μLplasmidDNA),and1μLof6xTOPclonerTM

bufferwasincubatedat25℃ for30min.LigatedDNA wastransformedinto

E.coliDH5α.

2-2.TransformationintoE.coli

2-2-1.Preparationofcompetentcells

Competentcellswere prepared by using E.coliBL21 forexpression.

CompetentE.colicellwaspreparedbyusingInouemethod(Inoue,et.al.,

1990).Forthis,1mLof E.coliseedculturefullygrowthinLuria-Bertani



- 5 -

(LB)medium wasinoculated into200mLofLBforgrowthat37℃ with

moderateshaking(160rpm).WhenOD600ofE.coliculturereached0.6,the

culturewaschilledonicefor10minandtransferredintothecentrifugetube.

Cellswerecollectedbycentrifugationat2,500xgfor10minat4℃.Cells

wereresuspended in20mL ofice-cold transformationbuffer(TB,10mM

Hepes,55mM MnCl2,15mM CaCl2,250mM KCl,pH 6.7)andtransferred

into50mLconicaltubefollowedbycentrifugationat2,500gfor1min.Cell

pelletswereresuspendedin20mLofice-coldTB,andincubatedonicefor

10minandthenharvestedbycentrifugationat7,000rpm for10minat4℃.

Cellswereresuspendedin10mLofice-coldTBtogetherwith7% DMSO(1.5

mL),andaliquotedinthemicrocentrifugetube.Competentcellswerefrozen

inliquidnitrogenandthenstoredat-75℃ untiluse.

2-2-2.TransformationintoE.coli

Ligationmixturewasmixedwith100μLcompetentcellsandincubatedon

icefor30min.Afterheat-shockat42℃ for1min,themixturewasrapidly

chilledonicefor3min.Uponadditionof1mLofLBmedium,themixture

wasincubatedat37℃ for1hr.TransformedE.coliwasplatedontotheLB

agarmedium containingtheAmpicillin(100μg/mL)andincubatedovernight

at37℃.

2-3.PurificationandidentificationofrecombinantplasmidDNA

2-3-1.PurificationofrecombinantplasmidDNA

A singlebacterialcolonyselectedfrom theplatewasinoculatedintoLB

medium containingAmpicillin(100μg/mL)followedbyovernightincubation
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at37℃,withshaking.Plasmidswereisolatedbyusingplasmidpurification

minikitaccordingtotheprotocolprovidedbymanufacturer.Forthis,3mL

ofcellswerecollected by centrifugation twiceat14,000rpm for1min.

Collectedcellswereresuspendedwith250μLresuspensionsolutioncontaining

RNaseA (100 μg/mL)byvortexing.Aftertheadditionof250 μLoflysis

solutionfollowedbyseveraltimesinversionandincubationfor5minuntil

celllysatebecameclear,thelysatewasmixedwith350μLofNeutralization

Solution by inversion.Upon centrifugation at14,000 rpm for 10 min,

supernatantcontaining recombinantplasmid wastransferred into thespin

column.The column waswashed with 750 μL ofWashing A solution

followed by centrifugation at14,000 rpm for1 min.After removalof

flow-through,thecolumn wascentrifuged for2min,and then transferred

onto anew microcentrifugetube.Membraneswereadded onto50 μL of

distilledwaterorelutionbufferandthenrecombinantplasmidswereeluted

bycentrifugationat14,000rpm for1min.

2-3-2.IdentificationofrecombinantplasmidDNA

To identify the constructs,cloned into Topo TA vector,recombinant

plasmid DNA were digested with EcoRⅠ restriction endonuclease.For

digestionreaction,themixtureincluded5μLofplasmidDNA,1μLof10x

reactionEcoRⅠbuffer,0.6μLofenzyme(10units/L),and3.5μLofdistilled

waterandincubatedat37℃ for2hrsinwaterbath.Digested DNA was

identifiedin1% agarosegelelectrophoresis.DNA fragmentcorrespondingto

thesizewaspurifiedforfurtherexperiments.

2-4.Expressionofgvpgenes
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TopoTA vectorwasusedforthecloningofDNA fragmentsamplified

byPCR.PlasmidpET-19bwasoneofthevectorsusedforexpressionof

recombinantproteinsinE.coli.TocombinethevectorwithinsertDNA at

suitable site,pET-19b vector was digested by restriction endonuclease

includedintheprimersandTopovector.DigestedDNA wasidentifiedin

0.7 % agarose gelelectrophoresisand extracted by GelExtraction kit.

Ligationmixturewasincubatedat25℃ for30minbyTOPspeedTM DNA

Ligationkit.Reactionmixtureconsistedof1μLofdesignedvectorDNA,8

μLofextractedgasvesiclegene,10μLof2xTopspeedligationbuffer

and1 μLofTOPspeedTM DNA ligase.Transformationwascarriedoutas

describedabove.

2-4-1.Expressionofrecombinantgvp

RecombinantplasmidsweretransformedintoE.coliBL21forexpression.

Transformantswereinoculated at37℃ and 200rpm overnight.Cellswere

inoculated into 20mL offresh LB medium containing Amp and grown

furtheruntilreachedatOD600 0.6. IPTG wasaddedforinducingexpression

oftheproteinsfollowedbyincubationfor3hrsat37℃ withshakingat200

rpm.Cellswereharvestedbycentrifugationat14,000rpm for2min.Cells

wereresuspendedin200μLof0.1M Tris(pH8.0),andtotalproteinswere

mixedwith150μLof2.5xSDSloadingdyewithβ-mercaptoethanol.Samples

wereheatedinboilingwaterfor5min,andthen,centrifugedat14,000rpm

for3min.Supernatantwastransferredintoanew microcentrifugetubeand

loadedontoSDS-PAGE.

2-4-2.SDS-PAGEandwesternblot
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Proteinswereanalysedby10% SDS-PAGEaccordingtotheprocedureas

described.ProteinswereidentifiedbyCoomassieBlue(CB)staining aswell

asbysilverstaining.ForCBstaining,gelwasimmersedintostainingsolution

[methanol50%,aceticacid 10% and 0.25gofCoomassieBrilliantBlue

R-250in100mLofsolution],heatedinmicrowavefor20sec,anddestained

as destaining solution [methanol50 %,acetic acid 10 %]by changing

destainingsolution3times.

Fordetectingrecombinantproteins,westernblotwascarriedoutbyusing

Anti-His6antibody.Proteinsweretransferredontonitrocellurosemembraneby

Trans-BlotSD Semi-Dry ElectrophoreticTransferCellat15 V for2 hrs.

Membraneswereincubatedin10mlof1xTBS-T[Tris-HCl50mM,NaCl

150mM and0.1%(v/v)Tween-20]with5% non-fatdrymilkat4℃ overnight

washedin20mLof1xTBS-Tfor5min3times,andthenincubatedwith

0.5μLofAnti-His6antibody(1mg/mL)in20mlof1xTBS-Tfor1hrat

room temperature(RT).Afterthreetimeswashingin20mLof1xTBS-Tfor

5min,2 μLofImmunnopureGoatAnti-MouseIgG antibody(0.8mg/mL)

wereaddedinto20mLof1xTBS-Tfor2hrsatRT.Afterwashingofthe

membraneasdescribedabove,antibodyonthemembraneweredetectedby

chemiluminescentsolutionsanduponexposureontoX-rayfilm.

2-4-3.PurificationofrecombinantproteinfusedwithHistidine-tag

RecombinantproteinwaspurifiedbyusingNi-IDA Protein.Atfirst,cells

werelysedwithLEW (Lysis-Equilibraion-Wash)buffer[50mM NaH2PO4,300

mM NaCl,pH 8.0]bypipettingonice.Lysozyme(1mg/mL)wasaddedto

help lysison iceby agitating for30min at4℃ togetherwith repeated

freezingandthawing.Whenviscosityofthelysatewasobserved,DNaseⅠ(5

μg/mL)wasaddedtothelysateandincubatedbyagitatingonicefor15
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min.Thecrudelysatewascentrifugedat20,000xgfor30minat4℃ and

transferredontoacolumnequilibratedwith320μLof1xLEW.Uponthree

timeswashingofthecolumnwith500μLof1xLEW, proteinswereeluted

by240μLof1xelutionbuffer[50mM NaH2PO4,300mM NaCl,250mM

imidazole,pH 8.0]3times.Allfractionswerecollectedandstoredat-20℃

forfurtheridentificationoftherecombinantprotein.
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3.Cloningofrecombinantgvpgene

3-1.Constructionofrecombinantgasvesiclegenes

3-1-1.DNAfragmentsencodinglipaseandheavymetalbindingmotif

GeneencodinglipasewasobtainedbyPCR reaction,usingpES01029D12

asatemplate,togetherwithforwardprimer5'-GGA TCC ATG ACTTCA

ACG GCA AA -3'andreverseprimer5'-AAG CTTCCTTATGAG CAA

ATTCCA-3'(Jeonetal,2008)

Oligonucleotidesencodingstructualmotifforbindingwithmercuryand

silicaweresuchmotifsweredesignedaccordingtoreports(Kirschke,A.2006)

Mercurybindingsite(MBS)hasbeenknowntocontainCys-Glymotifswitha

highaffinityforHg2+(Pazirandehetal,1998).Theendoftheoligonucleotide

wasdesignedtocontainNcoⅠ restrictionendonucleaserecognitionsequence

tofacilitatethecloning.OneofoligonucleotideswasMBS-15'-CATGGC

ATG CGG TTG CTG TGG CAA AGG TCA TTG TGG CTG TTG CGG CAA

AGG TCA CTG CGG TTG CTG TGG -3'andtheotherofoligonucleotides

wasMBS-25'-CATGCCACA GCA ACC GCA GTG ACC TTTGCC GCA

ACA GCCACA ATG ACCTTTGCCACA GCA ACCGCA TGC-3'.Silica

bindmotifweredesignedfrom aminoacidsequence(Kirschke,A.2006).The

end oftheoligonucleotidealsocontainsNcoⅠ restrcitionendonucleasesite

foreasieridentification.OneofoligonucleotideswasSBS-15'-CATGGCCCT

TCCGGA TTGGTG GCCACCGCCTCA GCTTTA TCA -3'andtheother

ofoligonucleotidewasSBS-25'-CATGTG ATA AAG CTG AGG CGG TGG

CCA CCA ATCCGG AAG GGC-3'.Twooligonucleotidescontainrestriction

enzymesiteSphⅠ in MBSand BspEⅠ in SBSforeasy identification of

recombinantDNA.Double stranded oligonucleotides were prepared from
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incubation ofthemixture consisted of4 pmole/μL ofeach DNA,10 x

NEBuffer #4 [20 mM tris-acetate,10 mM magnesium acetate,50 mM

potassium acetate,1mM dithiothreitol].

3-1-2.Plasmidisolationandrestrictiondigestion

Plasmid isolation wascarried outby using alkaline lysismethod as

describedabove.

Restriction digestion ofrecombinantDNA wascarried outby using a

singleordoubledigestionofplasmidfollowedbyagarosegelelectrophoresis.

Direction oftheinsertion sequencewereidentified bySphⅠ digestion for

MBSandbyNcoⅠandSphⅠ forSBS.Forthis,themixtureconsistedof7μL

ofplasmidDNAwithMBS,5.5μLofdistilledwater,1.5μLof10xNEBuffer

#2and1μLofrestrictionendonucleaseenzyme.IncaseofSBS,themixture

consistedof10μLofplasmidDNA,2.3μLofdistilledwater,1.5μLof10x

NEBuffer#2and0.6μLofrestrictionendonucleaseenzyme.Thereactionwas

carriedoutat37℃ for2hrsinwaterbathandidentifiedby1.5% agarose

gelelectrophoresis.

3-2.Activityassay

Rhodamineplateassaywasused toconfirm lipaseactivity.Rhodamine

platemedium waspreparedwithLBtogetherwith1% arabicgum followed

by autoclaving.Upon cooling down to 60℃,1 % olive oiland 0.001%

rhodamineBwereadded,andemulsifiedbymixingwithastirringbarat

maxspeed.UponadditionofantibioticsandIPTG,mediawerepouredonto

plate.Ontherhodamineplate,severalsampleswerestreakedtocomparethe

activityandincubatedat37℃ for3hrs.Activitywasexaminedbyultraviolet
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raysilluminationoftherhodamineplate.
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4.IsolationofrecombinantgvpinHalobacteriumhalobium

4-1.ConstructionofrecombinantgvpinE.coli

pFM101D is shuttle plasmid vector for amplification in E.coliand

Halobacterium halobium.GvpC fusedwithhis-tagwascloned intopFM101D.

InsertingthetargetDNA,restrictionendonucleasedigestionoftheplasmid

wascarried out.Uponpreparation ofDNA fragmentsforvectorand gvp

genesfusedwith,silicaandmercurybindingmotif,recombinantDNA were

transformed intoE.coli.Recombinantplasmidswerepurified asdescribed

aboveand identified bydoubledigestion endonucleasesSphⅠ and XhoⅠ

digestionforMBSandNcoⅠ andXhoⅠ digestionforSBS.

4-2.TransformationinHalobacteriumhalobium

H.halobium sp.SD109and S9whichdonothavefunctionalgvp were

culturedfortransformationat42℃ for3-4days.Uponchilledcellsonicefor

10min,cellwascentrifugedat7,000rpm and4℃ for10min.Collectedcell

wasresuspended by pipetting in 1/10volumeofmedium Spheroplasting

solution [2.0M NaCl,27.0mM KCl,50.0mM Tris-HCl(pH 8.75),15%

sucrose]onice.Ice-colded0.5M EDTA wasaddedas1/200volumeandthe

mixturewasincubatedatRTfor10min.Uponconfirmingcoccusmorphology

oftransformedcellsexaminedbymicroscopy,200μLtransformedcellswere

aliquotedintomicrocentrifugetube,addedwith1 μgofrecombinantDNA

andthenincubatedatRTfor5min.PEG-600solution[40% spheroplasting

solutionand 60% PEG 600]wasadded tomixtureasequalvolumeand

mixedbyrotatingandtappingthetube.ThemixturewasincubatedatRTfor

20min.ToremovePEG-600solutioninthemixture,1mL ofspheroplast



- 14 -

dilutionmedium [4.3M NaCl,27.0mM KCl,50.0mM Tris-HCl(pH 7.4),80.0

mM MgSO4,10.0mM Na-citrate,1.4mM CaCl2,15% Sucrose,1% Peptone]

wasaddedandmixedbyinversion.Centrifugationwascarriedout6,000rpm

for4minandthesupernatantwasdiscarded.Cellpelletwasresuspendedin

1mLofspheroplastdilutionmedium bypipettingintotesttube,andthen

incubatedat180rpm and42℃ for24hrs.OnemLofCM+medium [250g

Sodium Chloride,20 g Magnesium Sulfate,3g (Tri)Sodium Citrate,2g

Potassium Chloride,10gOxoidNeutralizedBacteriologicalpeptonin1L

(adjustpH 7.2)with tracemetal]wasadded and incubated for12 hrs.

TransformedcellwasplatedoutonCM+platewithmevinolin(50μM)and

incubatedat42℃ for1week.Theplatewasstoredinacontainerwhichcan

avoidevaporationfrom plateduringincubation.

4-3.IsolationofgvpinHalobacteriumhalobium

Thepinkcolonywaspickedupfrom theplate.Inoculationwascarried

outinCM+medium withmevinolin(50μM)at180rpm and42℃ for3-4

days.Toproducegvp,1mlofcellwasplatedoutonCM+plateorCM+

medium containingmevinolin(50μM).

Forthis,H.halobium sp.NRC-1and transformed cellcontaininggvpC

genefusedwithhis-tagwasplatedoutandincubatedin42℃ incubatorfor

morethan5days.Whencellgrew upontheplate,15mLof10mM MgSO4

withDNaseⅠ(10μg/mL)wasaddedontheplatefor15min.Floatedcell

wascollected and incubated at37℃ for2hrsin waterbath.Afterthen,

centrifugationwascarriedoutat60xgovernightwithtubescoveredwith

parafilm.Onthenextday,floatedgasvesicleswerecollectedin10mLof1.5

M NaClandthecentrifugationwascarriedoutatsameconditionrepeatedly.

Toanalyzeprotein,collectedgasvesiclewasdilutedbyaddingdistilled
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waterto1/3volumeofproteinandadded2.5xSDSloadingbufferwithβ

-mercaptoethanol.Themixturewasheatedboilingwaterfor3minfollowed

bycentrifugationat14,000rpm for4min.Supernatantwascollectedintoa

new microcentrifugetubeandloadedontoSDS-PAGE.
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oligonucleotide

name
sequence(5'→3') comment

gvp-F CTTCGGCCGGATGATAAAACACACCATCACCAT Primers
for
gvpCgvp-R

TCAGGCCATGGTTTTATCATCCGGCCGAAGGGG
GA

MBS-1

CATGGCATGCGGTTGCTGTGGCAAAGGTCATTG

TGGCTGTTGCGGCAAAGGTCACTGCGGTTGCTG

TGG
MBS

(mercury
binding
site)

MBS-2

CATGCCACAGCAACCGCAGTGACCTTTGCCGCA

ACAGCCACAATGACCTTTGCCACAGCAACCGCA

TGC

SBS-1
CATGGCCCTTCCGGATTGGTGGCCACCGCCTCA

GCTTTATCA
SBS
(silica
binding
site)SBS-2

CATGTGATAAAGCTGAGGCGGTGGCCACCAATC

CGGAAGGGC

Lipase-F CCATGGCAAGTACTACATATCCAATTGTTT Primers
for
lipaseLipase-R TCATGAGTGGTGATGGTGATGGTG

Table1.Listofoligonucleotidesusedfortheexperiment.
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Ⅲ.ResultsandDiscussion

1.Amplicationofgenesencodinggasvesicleproteins

GenomicDNA wasisolatedfrom Halobacterium halobium sp.NRC-1.Genes

encodinggasvesiclegenesA,C and N wereamplified byPCR reaction.

DNA fragments amplified by PCR were ensured by agarose gel

electrophoresis.About1Kb DNA fragmentencoding gvp C geneon the

agarose gelwas extracted from geland cloned into Topo TA vector.

AmplificationofgvpgenesusingprimersspecifictogvpAandgvpCresulted

in 0.3Kband 1.2Kb fragments,respectively.Recombinantplasmid DNA

were isolated from transformantsand subjectto restriction endonucleases

digestion.DNA sequenceanalysedwascomparedtoconfirm gasvesiclegene.

Figure3showedacompletematchwithgvpCsequence.
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Figure1.IdentificationofgenomicDNA (A)andgvpC geneamplifiedby

PCR(B)in0.8% agarosegelelectrophoresis.

(A) (B)

M
M

M
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Figure2.ComparisonofgvpCgeneobtainedbyPCR(15m611,15m911,and

10m911)togetherwithgvpCgenereportedinNCBIbyusingClustalW.
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2.Cloningofgvpgenesintoexpressionvector

InordertoexpressgvpgenesinE.coli,gvpgeneswereclonedinto

expressionvector,pET19bandpETDuet-1.Forthis,gvpgenesinTopovector

wasdigestedwithNcoⅠ andXhoⅠ andthenclonedintothecorresponding

siteofpET19bvector.LigatedDNA werefirsttransformedintoE.coliDH5α.

Recombinantplasmids were isolated from transformants and subject to

restriction endonuclease digestion followed by agarose gelelectrophoresis.

UponconfirmingDNA sequence,recombinantplasmidwastransformedinto

E.coliBL21forexpressionanalysis.

Figure3.IdentificationofrecombinantpET19bplasmidscontaininggvpCgene

:TestedsamplesweredigestedwithNcoⅠ resultedin6.7Kb(R)ascompare

totherecombinantgasvesiclegeneundigestedcontrol(C).M includes1Kb

ladder(10,8,6from topto3rdband)andthesizeofthefragmentsare

indicatedontheleft.

M R C

8
6

Kb
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3.Constructionofrecombinantgasvesiclegeneswithbinding

motifforsilicaandmercury

Oligonucleotidescontaining binding sitesformercury and silica were

annealedtobeclonedintorecombinantvectorcontaininggvpgene.Direction

oftheregionsencodingforthebindingsitewererestrictiondigestionand

sequencinganalysis.

Recombinant fusion protein expressed in E.coliwas identified by

SDS-PAGE.

Gas vesicle genes fused with mercury and silica binding motifwere

constructedasdescribedabove.Forthis,plasmidcontaininggvpAgeneswere

digestedwithNcoⅠ followedbyligationwithannealedoligonucleotides.For

effectiveligation,differentratioofvectortoinsertDNA wastestedasthe

concentration and ratio ofvectorand insertDNA alsoaffecttheligation

efficiency.Thehighertheratioofthevectorstotheinsertwasused for

ligation,themorecoloniesgrew onplatebecauseofself-ligation.Recombinant

DNA isolated from transformantweresubjecttodigestion with restriction

endonucleasetoconfirm thedirectionoftheoligonucleotides.

InordertoproducegvpgenesinH.halobium,recombinantgvpgeneswere

cloned into shuttlevector,pFM101D in E.coli.Forthis,gvp geneswith

bindingmotifwereclonedintothecorrespondingsiteofpFM101D vectoras

describe above.Ligated DNA were firsttransformed into E.coliDH5α.

Recombinantplasmids were isolated from transformants and subject to

restriction endonuclease digestion followed by agarose gelelectrophoresis.

UponconfirmingDNA sequence,thesecondcloningintocorrespondingsite

ofanexpressionvector,pFM104d,wascarriedoutforexpressinggasvesicle

proteininH.halobium.
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Figure4.Identification ofrecombinantDNA containinggvpC genesfused

withsilicabindingmotif:DNAsweredoubledigestedwithEcoRⅠ andXba

Ⅰ (A)and SphⅠ (B)followed by1% and 1.5%,respectively,agarosegel

electrophoresis.Tested samples were recombinantDNA with (1 and 3)

without(2,4and5)sequencescorrespondingtosilicabindingmotif.Direction

oftheinsertedsequencewasidentifiedbySphⅠ digestionfollowedby1.5%

agarosegelelectrophoresis.IncludedDNAswererecombinantwithoutinsert

(6)togetherwith binding motifinserted on theright(7)oropposite(8)

direction.DNAladdersincludedwere1Kb(A)and1Kbplus(B)ladder.

(A) (B)

1 2 3 4 5 M

500

1,000

bp

6 7 8 M

400
300

bp
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Figure5.Identification ofrecombinantDNA containinggvpC genesfused

withmercurybindingmotif:DNAsweredoubledigestedwithEcoRⅠ and

XbaⅠ(A)andSphⅠ (B)followedby1% and1.5% agarosegelelectrophoresis.

LanesincludedwererecombinantDNA withnoinsertionelement(1,3and

4),recombinantDNAwithinsertionelementofabout550bp(2),recombinant

DNAcontainingMBSwithrightdirection(5)orreverse(6)direction.LanesC

and M include controlDNA withoutdigestion and 1 Kb plus ladder,

respectively.

C 5 6 M

(A) (B)

1 2 3 4 M C

500

700 400
300

bp bp
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Figure6.RestirictiondigestionofpFM101D containinggvpA andgvpCgene.

RecombinantplasmiddigestedwithNcoΙ resultedinabout7.6Kbfragment:

Tested sampleswererecombinantplasmidswithgvpA gene(1)and gvpC

gene(2).

1 M 2

8

6

Kb
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Figure7.IdentificationofrecombinantDNAcontaininggvpAandgvpCgenes

fusedwithsilicabindingmotifinpFM101d.DNAsweredoubledigestedwith

EcoRⅠ and XbaⅠ (A) and MscⅠ (B) followed by 1% agarose gel

electrophoresis:TestedwererecombinantDNA with(2and4)orwithout(1

and 3)sequencescorresponding to silicabinding motif.LanesC and M

include controlplasmid withoutdigestion and 1 Kb ladder,respectively.

DirectionoftheinsertedsequencewasidentifiedbySphⅠ digestionfollowed

by1.5% agarosegelelectrophoresis.IncludedDNAswererecombinantwith

bindingmotifinsertedontheright(6and8)oroppositedirection(5and7).

(A) (B)

M 1 2 C 3 4 5 6 7 8 M

3

1.5

1

1

0.5

Kb Kb

gvpA gvpC gvpA gvpC
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Figure8.IdentificationofrecombinantDNAcontaininggvpAandgvpCgenes

fusedwithmercurybindingmotifinpFM101d.DNAsweredoubledigested

withEcoRⅠ andXbaⅠ (A andB)andSphⅠ (C)followedbyagarosegel

electrophoresis:TestedwererecombinantDNA with(2and4)orwithout(1

and3)sequencescorrespondingtomercurybindingmotif.LanesC andM

include controlplasmid withoutdigestion and 1 Kb ladder,respectively.

DirectionoftheinsertedsequencewasidentifiedbySphⅠ digestionfollowed

by1.5% agarosegelelectrophoresis.IncludedDNAswererecombinantwith

bindingmotifinsertedontheright(5and7)oroppositedirection(6and8).

M 1 2 C 3 4 M 5 6 7 8 M

(A) (B) (C)

1

0.5

1

0.5 1

0.5

Kb Kb Kb

gvpA gvpC gvpA gvpC
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4.Expressionofrecombinantproteins

RecombinantplasmidsweretransformedintoE.coliBL21forexpression

analysis.Cellsweregrown overnightand transferred intofresh mediafor

inductionexperiment.UponIPTG inductionfollowedbygrowthfor3hrsat

37℃,totalproteinswereextractedfrom thecellsandanalysedbySDS-PAGE

as described in Method.Proteins were also prepared from the cells

transformed with vectoronly asacontrol.Cellstransformed with vector

showednodifferencesintheprofileoftotalcellularproteinsregardlessof

IPTG induction (lane1 and 2).However,an induction ofproteinswere

clearlyseeninthecellstreatedwithIPTGaddition(lane3and4).Theresult

confirmedtheexpressionofgvpCinE.coli.

Recombinantproteins were analyzed by SDS-PAGE and western blot.

Induced cellwasidentified by 10 % SDS-PAGE and compared to other

samplespreparedfrom cellstransformedwithonlyvectorandrecombinant

DNA containinggasvesiclegenefused withhis-tag.Uponinductionwith

IPTG,extracts prepared from cells transformed with recombinantDNA

containinggvpgenefusedwithHis-tagwerecomparedwithothersamples

preparedfrom cellstransformedwithvectoronly.
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Figure9.SDS-PAGEanalysisofproteinspreparedfrom E.coli:Testedwere

cellstransformed with pET19b plasmid (1 and 2),and with recombinant

pET19b containing gvpC gene(3and 4).Lanes1 and 3wereprepared

withoutIPTG induction,butlanes2 and 4 were prepared upon IPTG

induction.LaneM includesproteinladder(240,140,100,70,50,35,25,20,15

kDafrom toptobottom).

 M 1 2 3 4 

70

50

kDa
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Figure10.SDS-PAGEanalysisoftotalcelllysatepreparedwithorwithout

IPTGinduction:Testedwerecellstransformedwithvectoronly(lanes1and

2),withplasmidscontainingrecombinantgvpC (lanes3and4),recombinant

gvpCfusedwithsilicabindingmotif(lanes5and6)andrecombinantgvpC

fused with mercurybindingmotif(lane7and 8).Proteinswereextracted

from thecellstreatedwith(lanes2,4,6and8)andwithoutIPTG induction

(lanes1,3,5and7).LaneM includesproteinladder(240,140,100,70,50,

35,25,20,15kDafrom toptobottom).

M 1 2 3 4 5 6 7 8

70

50

kDa
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Figure11.SDS-PAGEanalysisofrecombinantgvpCfusedwithlipase:Tested

wereproteinsextractedfrom cellstransformedwithvector(lanes1and2),

plasmidscontaininggvpC gene(lanes3and4),plasmidscontaining lipase

(lanes5and6),andplasmidscontaininggvpCgenefusedwithlipase(lanes

7and8).Proteinswereextractedfrom thecellswith(lanes2,4,6and8)

andwithoutIPTG induction(lanes1,3,5and7).LaneM includesprotein

ladder(240,140,100,70,50,35,25,20,15kDafrom toptobottom).

M 1 2 3 4 5 6 7 8

70

50

35

25

kDa



- 31 -

Figure12.IdentificationofgvpC proteinfusedwithmetalbindingmotifby

western blot.Proteinswere separated on 10% SDS-PAGE :Tested were

proteinprepared from cellstransformed with vectoronly(lanes1and 2),

with plasmidscontaining recombinantgvpC (lanes3and 4),recombinant

gvpCfusedwithsilicabindingmotif(lanes5and6)andrecombinantgvpC

fusedwithmercurybindingmotif(lanes7and8).Proteinswereextracted

from thecellstreatedwith(lanes2,4,6and8)orwithoutIPTG induction

(lanes1,3,5and7).

1 2 3 4 5 6 7 8
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Figure13.IdentificationofgvpC proteincontaininglipasebywesternblot.

Proteinswereseparatedon10% SDS-PAGE:Testedsampleswereproteins

extracted from cells transformed with vector(lanes 1 and 2),plasmids

containinggvpC gene(lanes3and4),plasmidscontaining lipase(lanes5

and6),andplasmidscontaininggvpCgenefusedwithlipase(lanes7and8).

Proteinswereextractedfrom thecellswith(lanes2,4,6and8)orwithout

IPTGinduction(lanes1,3,5and7).

1 2 3 4 5 6 7 8
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5.Purificationofgvp

RecombinantgvpC wasdesignedtocontainHis-tagattheeitherN-or

C-terminiofgvpgenesdependingontheprimerused(Table1).Therefore,

expressionofrecombinantgvpnotonlycanbedetectedbywesternblotting

but also can be purified by using affinity column chromatography.

PurificationofrecombinantgvpCwascarriedoutbyNi-IDA chromatography

asdescribed.Adistinctproteinbandinthesizeofwasfoundinthefraction

elutedbypresenceofimidazole.TheresultindicatesthatrecombinantgvpC

fusedwithHis-tagscanbeexpressedinE.coliandpurifiedbyusingaffinity

chromatography.
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Figure14.SDS-PAGEanalysisofpurifiedgvpCfusedwith(His)6-tagprotein

:Testedsamplesincludedtotalproteinsextractedfrom cellstransformedby

recombinantcontaininggvpCgeneswithout(-)orwithIPTG inductionfor3

hrs(+3h).LaneM includedproteinladder(240,140,100,70,50,35,25,20,

15kDafrom toptobottom)andtherightwardlanesincludethefractionsfor

loading(load)andthefractionsobtainedfrom flow through(F-T),washing

(W),andelutions(E)ofthecolumn.

(-) +3h M load F-T WⅠ WⅡ EⅠ EⅡ EⅢ

Inductionfraction His-tagpurifiacation
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Figure 15.Identification ofrecombinantgvpC fused with (His)6-tag by

westernblot.Proteinswereseparatedon10% SDS-PAGEandtransferredonto

nitrocellulosemembrane.MembraneswereincubatedwithanHis-Tag-specific

antibody and then with secondary antibodiesforthe detection :Tested

samples included total proteins extracted from cells transformed by

recombinantcontaininggvpCgeneswithout(-)orwithIPTG inductionfor3

hrs(+3h)andthefractionobtainedfrom elution(EΙ).

(-) +3h EⅠ

Inductionfraction His-tagpurifiacation

50

70

kDa
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Figure16.SDS-PAGEanalysisofpurifiedgvpCcontainingbindingmotifforsilica

(A)andmercury(B)fusedwith(His)6-tag:Testedsamplesincludedtotalproteins

preparedfrom cellstransformedbyrecombinantgvpC containingbindingmotif

without(-)orwithIPTGinductionfor3hrs(+3h).LaneM includesproteinladder

(240,140,100,70,50,35,25,20,15kDafrom toptobottom)andtherightward

lanesincludethefractionsforloading(load)andthefractionsobtainedfrom flow

through(F-T),washing(W),andelutions(E)duringaffinitychromatograph.

M (-)+3h loadF-T WⅠ WⅡ EⅠ EⅡ EⅢ

70

50

kDa

(A)

M (-)+3h load F-T WⅠ WⅡ EⅠ EⅡ EⅢ

70

50

kDa

(B)
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Figure 17.Identification ofpurified recombinantgvpC containing metal

bindingmotiffusedwith(His)6-tagbywesternblot:Testedsamplesincluded

purifiedproteinsextractedfrom cellstransformedbyrecombinantgvpCgenes

containing metalbindingmotiffused with (His)6-tag.Therightward lanes

includethefractionsforloading(load)andthefractionsobtainedfrom flow

through(F-T),washing(W),andelutions(E).

loadF-T WⅠ EⅠ load F-T WⅠ EⅠ

silicabindingmotif mercurybindingmotif
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Figure18.SDS-PAGEanalysisofpurifiedrecombinantgvpCcontaininglipase

fusedwith(His)6-tag:Testedsamplesincludedtotalproteinsextractedfrom

cellstransformedbyrecombinantgvpC constructwithout(-)orwithIPTG

inductionfor3hrs(+3h).LaneM includesproteinladder(240,140,100,70,

50,35,25,20,15kDafrom toptobottom)andtherightwardlanesinclude

thefractionsforloading(load)andthefractionsobtainedfrom flow through

(F-T),washing(W)andelutions(E).

(-)+3h load F-T WⅠ WⅡ M EⅠ EⅡ EⅢ

SDS-PAGE
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Figure19.IdentificationofrecombinantgvpCcontaininglipaseand(His)6-tag

bywesternblot:Testedsamplesincludedtotalproteinsextractedfrom cells

transformed by recombinant gvpC genes containing lipase fused with

(His)6-tagwithout(-)orwithIPTG inductionfor3hrs(+3h).Thefractions

obtainedfrom thefractionsforloading(load),flow through(F-T),washing

(W),andelutions(E).

(-) +3hload F-TWⅠ WⅡ EⅠ EⅡ EⅢ



- 40 -

6.ActivityassayofrecombinantgvpCcontaininglipase

ActivityassayforlipasewascarriedoutontheLBmediaplatecontaining

rhodamine,IPTG,andantibiotic.Forthis,transformationswerefirstgrownin

LBcontainingamplicillinat37℃,overnight.Cellswerethenstreakedontothe

plate followed by furthergrowth at37℃,for3 hrs.Plateswere then

illuminatedundertheUVlighttocomparelipaseactivity.

Figure20.Activity assay ofrecombinantgvpC containing lipase:Tested

samplesincludeEscherichiasp.BL21(BL21),transformedwithvectorpET19b

andpETDuet-1(19bandDuet),recombinantpET19bplasmidcontaininglipsae

(19bL),recombinantplasmidwithgvpC geneinpET19b(19bC),recombinant

pET19bplasmidscontaininggvpC fusedwithlipase(19bCL-1and19bCL-2)

and plasmids pETDuetvector containing gvpC gene fused with lipase

(DuetCL).

BL21

BL21

DuetCL

DuetCL

19b

19b

Duet

Duet

19bCL-1 19bCL-119bL

19bL 19bCL-2

19bCL-219bC

19bC
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7.Isolationofgasvesicleproteinfrom Halobacteriumsp.

Figure 21. Analysis of morphology Halobacterium sp. SD109 by light

microscopy:ThefigureshowsHalobacterium sp.SD109before(A)andafter

(B)thetreatmentwithspheroplastingsolution.

(A) (B)
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Figure22.FunctionalidentificationofgasvesicleproteininHalobacteriumsp.:

Gasvesicleprotein wasseenonthetop ofCM+ media.Samplesinclude

Halobacterium sp.NRC-1(1),recombinantplasmid containinggvpA/ gvpC/

and gvpN/ each fused with (His)6-tag (2),shuttle vector pFM104 (3),

recombinantplasmid pKJ4414containing gvp clusterin pKJ408vector(4),

gvpCfusedwith(His)6-tagclonedintopFM104(5)andrecombinantplasmid

pKJ4414containinggvpAfusedwith(His)6-tag(6and7)

1 2 3 4 5 6 7

1 5

Isolationofgvp
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Figure23.Identification ofrecombinantgvpC protein in Halobacterium by

SDS-PAGEfollowedbywesternblot:Testedsamplesincludetotalprotein

extracted f개m Halobacterium sp.NRC-1(1),purified gasvesicleproteinin

NRC-1(2),purifiedgvpC proteinfusedwith(His)6-tag(3)andtotalprotein

gvpC fusedwith(His)6-tag(4).

M 1 2 3 4 1 2 3 4
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Abstract(Korean)

Escherichiacoli과 Halobacteriahalobium에서 재조합 gasvesicle

단백질 발현 분석

강 경 묘

부경대학교 대학원 수산생물학과

고세균에 속하며 호염성 미생물인 Halobacterium은 민물의 환경에서는 삼투압

에 의해 세포가 생존할 수 없는 특성을 가진 생물종이다.Halobacterium은 생태계

에 적용될 때 유전자 변형생물에 대한 오염을 막으면서도 재조합 단백질 제작 

시 유용하게 쓰일 수 있는 다양한 단백질들을 생산하는 종이다.이 논문에서는 

해양환경오염의 주요인이라 생각되는 유류와 중금속 제거를 응용방안 중 하나로 

Halobacterium의 주요 단백질 중 하나인 gasvesicle단백질을 이용하여 재조합 

단백질 제작 가능성에 대해 연구하였다.실험을 위해 먼저 gasvesicle단백질을 

만드는 유전자를 PCR을 통해 증폭하였고 이것을 Escherichiacoli에 도입하여

재조합 단백질 유전자의 삽입 여부와 발현유무를 확인하였다.재조합 유전자를

설계할 때에 Histidine-tag을 함께 재조합하여 재조합 단백질 정제를 용이하게

하였고 단백질 분석 시에 사용되는 SDS-PAGE와 westernblot으로 단백질을 확

인할 수 있었다.
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께도 진심으로 감사의 인사 전하고 싶습니다.

4년의 학부,2년의 대학원 생활 중 사랑과 많은 가르침을 주신 김창훈 

교수님,조재윤 교수님,장영진 교수님,김동수 교수님,배승철 교수님,남

윤권 교수님,공승표 교수님 그리고 잊지 못할 조언을 아낌없이 주셨던 

허성범 교수님께 감사의 인사 전합니다.분자 생화학 실험실의 노경언 선

배님,김윤숙 선생님,친절한 황인철선배,정이 많이 들어버린 VoThi

ThuEm 언니,항상 믿고 의지되는 우리 김초원,최미진,장준철 다들 너

무 고맙습니다.그 외에 많은 충고주신 이상윤선배,힘들 때면 이야기 들

어주셨던 송지효선배,윤현호선배,김기태선배 그리고 저 많이 챙겨주신 

양성진선배,김대근선배 감사드립니다.매번 도움 주셨던 최수희언니,강

경림언니,대학원 생활동안 몸도 마음도 달래 주셨던 이혜정언니,김성완

선배 진심으로 고맙습니다.항상 못난 친구 이해해줬던 류유성,배려 깊은 

귀염둥이 김민정,나의 쌍둥이 정혜정,내 이야기 묵묵하게 들어주던 조다

래,건강하게 출산하기를 바라는 오유라,타지에서 고생하는 박주영,건강 

챙기길 바라는 최란 다들 고맙습니다.힘나게 만드는 신영섭 이제 시작하

는 대학원 생활 잘해나가길 바라고,좋은 결과 있길 바라는 이현주,후회 

없는 한해가 되었으면 하는 항상 미안하고 고마운 김보경 진심으로 고맙

습니다.그 외 정혜영,이향미언니,박현식선배,이종훈선배,장재영선배,

이보람,정주연 감사드립니다.

마지막으로 저를 믿어주시고 아껴주셨던 지도 교수님 김종명 교수님께 

기대에 미치지 못한 것 같아 죄송스럽기도 하지만 항상 존경하고 감사드

린다는 말 전하고 싶습니다.교수님 진심으로 감사드립니다.
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