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탱자(Poncirustrifoliata)에서 테트라사이클린내성

유전자(tetB)에 대한 항균활성 물질분리

강 민 승

부 경 대 학 교 식 품 공 학 과 대 학 원

요 약

장염비브리오균은 식중독을 유발하는 병원성 세균으로 최근 조사에 의하

면 어류 양식장에서 분리된 장염비브리오균의 97% 이상이 특정 항생제에 내

성을 가지고 있을 정도로 내성이 심각한 수준으로 알려져 있다.따라서 본

연구에서는 우선적으로 양식어장에서 많이 사용되고 있는 tetracycline계 항

생제에 내성을 가지고 있는 장염비브리오균을 분리하고 이들 내성균에서

tetracycline에 내성을 부여하는 관련 유전자들의 클로닝을 시도하여 관련 유

전자의 클로닝에 성공하였다.

Tetracycline내성균주에 대한 대처치료제를 개발하기 위한 노력으로 몇

몇 약재를 가지고 항균활성을 평가하였는데,그 중 탱자의 MeOH 추출물이

가장 항균활성이 우수하였다.탱자의 MeOH 추출물과 그 획분의 항균활성

실험 결과 EtOAc 획분> n-BuOH 획분 순으로 항균활성이 나타으며

n-hexane획분,CH2Cl2획분,H2O 획분에서는 항균활성이 나타나지 않았다.

EtOAc 획분을 silica gel column chromatography와 thin layer

chromatography(TLC)에 의해 6개의 분획물을 얻었다.
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EtOAc획분 중 fractionPE1-F02의 항균활성이 가장 우수하였다 그들을

다시 실리카겔 컬럼 크로마토그래피를 수행하여 12개의 fraction을 얻었다.

그들 중 fractionPE2-F012이 tetracycline내성 균주에 대해 항균활성을 가

지고 있었으며, 다시 13개의 fraction으로 분획하였다. 다시 fractions

PE3-F013을 12개의 fraction으로 분획하였다.그들 중 fractionPE4-F02과

PE4-F04을 SephadexLH-20columnchromatography을 실시하여 화합물 1

과 2를 분리하였다.화합물 1과 2는 1H-,13C-NMR의 분광학적 분석방법에

의해 각각 poncirin과 naringin임을 확인하였다.
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Introduction

Antibioticsarewidelyusedinhuman,veterinarymedicineandfish

farming for increasing production or keeping them free from

pathogens.As the result,the emergence and spreading ofdrug

resistancebacteriaisaseriousclinicalproblem inmanycountries.

Also,contaminationofthedruginaquaticenvironmentsisagrowing

concern due to increasing resistance genes which may affecton

humanhealthviafoodchain(Kim etal.,2007).

Tetracycline(TC)useinhumanandaquaticanimalsoverthelast

50 yrhas influenced the appearance ofTC resistance bacteria

(Anderson & Sandra,1994;Guardabassietal.,2000).In bacteria,3

mechanismsofTC resistancewereknowntobemediatedby> 38

differentTC resistance determinants(Roberts,2005).Among them,

many studieshaveexamined thedistribution ofdifferenttetgenes

encodingeffluxpumpsinvariousaquacultureenvironments(Depaola

etal.,1993;DePaola& Reberts,1995;Schmidtetal.,2001;Nonaka&

Suzuki2002;Teoetal.,2002).Todate,however,therehavebeenno

unambiguousreportsabouttheinactivationofthegeneinvolvedTC

resistant to resolve serious problems caused by the antibiotic

resistancebacteria.

Vibrioparahaemoliticusisoneofthemajorfoodpoisoningbacteria

inKorea(Kim,2001).Ithasbeenrecentlyreportedthatover97% of

V.parahaemoliticus strains isolated from aquaculture farms or
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cultivatedfishesexhibitsanantibioticresistant(Kim,2001).Ithas

beenalsoknownthattetracyclinesarefrequentlyusedinaquaculture

farmsasafeedadditivenottotreatfishdiseasesbuttopreventfish

diseasesortopromotethegrowthoffishes(Kim etal.,2007).

However,there have been no unambiguous reports aboutthe

mechanism oftheantibioticresistance.Therefore,studiesrelatedin

thefunctionofantibioticresistantgene(s)orprotein(s)isungently

necessarytoelucidatethemechanism oftetracyclineresistantina

molecular level. For the purpose, a tetracycline resistant V.

parahaemoliticus,capableofgrowing on TCBS medium containing

tetracycline,wasisolatedfrom cultivatedfishes.A generesponsible

forthetetracyclineresistancewasclonedfrom thechromosomalDNA

ofV.parahaemolyticus.Thegenewasusedtodesignaninvivo

screeningassaytodiscovernew drug(s)orspecificanti-substance(s)

againsttetracyclineresistantgeneorprotein.Severalmedicinalplants

wereevaluatedforitsinhibitoryactivity.

Theresultsobtainedinthesestudieswillcontributetodevelope

new drugsagainstantibioticresistantbacteriaortodiminish the

occurrenceofantibioticresistantbacteria.
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MaterialsandMethods

1.Materials

1.1.Plantmaterials,antibioticsandchemicals

ThefruitsofPoncirustrifoliatawerepurchasedfrom aqualified

orientaldrug store,theNulpuroon herb shop(Seoul,Korea).The

fruitswerecollectedinMarch2008.

Tetracycline(TC)andchloramphenicolwerepurchasedfrom Sigma

(St.Louis,USA).Allotherreagentswereofreagentgradeand

purchasedfrom commercialsources.

1.2.Bacterialisolationandcultivation

TC resistantVibriospp.wasisolatedtocultureon thiosulfate

citratebilesaltssucrose(TCBS;Difco,USA)containing20㎍/㎖ of

TC.IsolateswerefurtheridentifiedbyanAPI20Ekit(BioMerieux,

Hazelwood,USA).

2.Methods

2.1.Antibioticsensitivityassay
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Antibiotic-sensitivityofisolateswasevaluatedbyanagardiffusion

assay on MullerHinton (MH)agarwith disc containing 10 ㎍

ampicillin (AM), 5 ㎍ tetracycline (TC), 23.75 ㎍

trimethoprim-sulfamethoxazole(SXT),1.25㎍ trimethoprim (TMP),10

㎍ streptomycin(S),5㎍ chloramphenicol(C),5㎍ rifampin(RA),

and 5 ㎍ nalidixic acid (NA).Zones ofgrowth inhibition were

evaluatedafterovernightincubationaccordingtoNCCLS guidelines

(NationalCommitteeforClinicalLaboratoryStandards2002).

2.2.Measurementofminimum inhibitoryconcentration

Measurement of minimum inhibitory concentration (MIC) of

antibioticsagainsttheisolateswasdeterminedbythetwo-foldserial

dilutionmethodinMH brothasdescribedbytheNationalCommittee

forClinicalLaboratory Standards(2002).MIC wasdefined asthe

lowestconcentrationofcrudeextractthatinhibitedthevisualgrowth

afterincubationat37°Cfor24handwasperformedintriplicates.

2.3. Cloning of a gene responsible for the

tetracyclineresistance

Cellswereculturedfor18hat30°CinTrypticSoyBroth(TSB;

Difco,USA)supplementedwith1% (w/v NaCl).Then,theculture

wascollectedandchromosomalDNA waspreparedusingAccu-Prep
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GenomicDNA ExtractionKit(Bioneer,Daejeon,Korea).TheDNA

waspartiallydigestedwiththerestrictionenzymeSau3AI.

DNA fragmentsofabout2.5kbpwereseparatedandthenligated

intotheBamHIsiteofpBR322.CompetentcellsofEscherichiacoli

KAM3 (∆acrB) were transformed with the ligated recombinant

plasmids and then spread onto Luria-Bertani(LB) agar plates

containingtetracycline(20㎍/㎖).Theplateswereincubatedat37℃

for3days.Onecolonywasarchivedandplasmidwasisolatedfrom

thecandidate.PlasmidDNA wasusedforrestrictionmapping and

sequencing.The nucleotide sequence of the inserted DNA was

determinedbythedideoxychainterminationmethod(Sangeretal.,

1977).

Inordertosub-cloneageneencodingtetracyclineresistantprotein

(TetB)ofV.parahaemoliticus0854,aPCRwascarriedoutusingtwo

synthetic oligonucleotides based on the sequences to generate a

BamHI restriction enzyme site, respectively: (Forward)

5'-CGGGATCCCGTTTACCACTCCCTATCAGTG-3',and (Reverse)

5'-CGGGATCCCGCGGAATAACATCATTTGGTG-3'(Table1).DNA

was amplified through 30 cycles ofdenaturation (94℃,30 sec),

annealing(50℃,30sec),andpolymerization(72℃,60sec).ThePCR

productamplifiedisexpectedtobeabout1,200bp.ThePCRproduct

wasdigested by BamHIrestriction enzymeand then ligated into

pSTV28(Takara,Japan),whichhadbeendigestedwithBamHI.The
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Table1.PrimersetsforPCRoftetBgene

Primer Oligonucleotidesequence(5'-3')

VP-tetBF
CGGGATCCCGTTTACCACTCCCTATCAGTG 

   (BamHⅠ)

VP-tetBR
CGGGATCCCGCGGAATAACATCATTTGGTG

   (BamHⅠ)
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resultingplasmidwasdesignatedaspSTVTetB.E.coliKAM3cells

harboring pSTVTetB weregrown at37℃ in MH medium in the

presenceofantibioticsindicated.

2.4.Preparationofmethanolicextract

ThepowderofP.trifoliatafruits(6㎏)wasextractedthreetimes

with 100% methanol(MeOH).Thefiltrateobtained underreduced

pressuretoyieldadarkreside(2㎏).

2.5.Solventfractionationofmethanolicextract

TheMeOH extracts(1.5㎏)weresuspendedinH2O (10L)and

partitionedwithn-hexane(300g),dichloromethane(CH2Cl2)(240g),

ethylacetate(EtOAc)(450g),n-butanol(n-BuOH)(310g),andH2O

(200g)intheorderofpolarityandevaporatedasdescribedabove

(Munetal.,1994).Theschemeofextractionandsolventfractionation

wereillustrated(Fig.1).

2.6.Separationandisolationofanactivecompound

Theactivefractionsorsub-fractionswerefurtherseparated by

silica gelcolumn chromatography and Sephadex LH-20 column

chromatography,elutingwithcorrespondingeluentsystem,and
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Poncirustrifoliata(L.) Raf. (6 ㎏)

MeOHextd. (1.5 ㎏)

Dissolve with H2O

n-Hexane

Extd. With MeOH(reflux 3 times)

n-Hexane fra. (300 g) H2O

CH2Cl2

H2OCH2Cl2  fra. (240 g)

EtOAc

H2OEtOAcfra. (450 g)

n-BuOH

H2O fra. (200 g)n-BuOHfra. (310 g)

Fig. 1. Procedure for extraction and fractionation of

Poncirustrifoliatafruitspowderbyvarioussolvents.
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monitored by thin-layer chromatography (TLC). Samples were

dissolvedintheappropriateorganicsolvent,appliedtothesilicagelG

platesF254 (Merck,Germany)and developed with severaldifferent

suitablesolventsystems(Basileetal.,2000).

The plates were dried in fume hood,photographed under an

ultravioletlamp(254nm,356nm)andthenwerefurthersprayed

byreagentstobetterdisplaythecomponentsfrom the20% H2SO4

reagent(Aldrich)andthenheatedat110℃ for5-10min.Thewhole

fractionsweredividedintoRfvalue(Dingetal.,2008).

2.7. Determination of growth inhibitory activity

againstcells containing tetracyclineresistancegene

(tetB)

Theantibacterialactivityoftheeachfractiononthegrowthoftest

stain was determined using the paper disc method (National

CommitteeforClinicalLaboratoryStandards,2002).Culturesolutions

ofthetestbacteriawerepreparedbygrowthinMH brothmedia

containingTC(2㎍/㎖)at37℃ for18h.Eachfractionwasdissolved

in1% dimethylsulfoxide(DMSO)solventtoafinalconcentrationof

100㎎/㎖ andsterilizedthroughfiltrationby0.45㎛ Milliporefilters

(Toyo, Japan). The 8 ㎜ diameter discs (Toyo, Japan) were

impregnatedwith50㎖ ofthestocksolution(final5㎎/disc)and

placedontheinoculatedagar.Negativecontrolswerepreparedusing

thesamesolventsemployedtodissolveeachfraction.Theinoculated
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plates were incubated at37℃ for 24 h.The growth-inhibitory

activitywasevaluatedbymeasuringthezoneofinhibitionagainst

thetestorganisms(Ahnetal.,1998).

2.8.Structuralanalysis

The structure ofthe compound 1 and 2 were identified and

confirmed by
1
H-NMR (proton-nuclear magnetic resonance

spectroscopy) and
13
C-NMR (carbon-nuclear magnetic resonance

spectroscopy)experimentsusingaBrukerAvance400FT-NMR(
1
H

frequency=400.13MHz,
13
C frequency=100.62MHz).FT-NMR

wasinstrumentwithtetramethylsilane(TMS)asainternalstandard.

The assignments by correlation spectroscopy,heteronuclearsingle

quantum correlation,and heteronuclearmultiplequantum coherence

experiments were performed with standard Bruker software

(XWINNMR3.1)(Lietal.,2008).
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ResultsandDiscussion

1.CloningandcharacterizationoftetB genefrom

V.parahaemolyticus

1.1.AntibioticresistanceofVibriospp.isolates

ThetetracyclineresistantV.parahaemolyticus,capableofgrowing

onTCBSmedium containingtetracycline,wasisolatedfrom cultivated

fishesandidentified.Antibioticresistantofeachisolatedstrainwas

evaluatedasdescribedinMaterialandMethods.AsshowninTable

2, all of isolates exhibited TC resistance. Among them, V.

parahaemolyticus0854onlyshowedantibioticresistanceagainstnot

onlyTCbutalsorifampin,indicatingtheisolate0854wastobemulti

drugresistancebacteria(Table2).TheMICofTCresistantisolates

againstTCwasover64㎍/㎖ (Table3).

1.2.Cloning ofa gene responsible for tetracycline

resistance

A generesponsibleforthetetracyclineresistancewasclonedfrom

the chromosomalDNA ofV.parahaemolyticus 0854 using E.coli

KAM3,whichlacksmajormultidrugeffluxpumps(△acrB)asahost
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Table2.AntibioticresistancepatternoftetracyclineresistantVibrioparahaemolyticusstrains

Strain AM TC SXT TMP S C RA NA

0854 28 AG 26 18 14 22 AG 28

1020 10 AG 28 22 14 22 22 30

1021 30 AG 30 18 14 22 22 30

9220 AG AG 22 18 12 16 20 28

(AG;allgrowth,clearzone;mm)

AM,ampicillin (10㎍/disc);TC,tetracycline(5㎍/disc);SXT,trimethoprim-sulfamethoxazole(23.75㎍/disc);TM

trimethoprim (1.25㎍/disc);S,streptomycin(10㎍/disc);C,chloramphenicol(5㎍/disc);RA,rifampin(5㎍/disc);N

nalidixicacid(5㎍/disc).
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Strain Tetracycline(㎍/㎖)

0854 <64

1020 <128

1021 <128

9220 <64

Table 3. Minimum inhibitory concentration of tetracycline

resistantstrains
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cell.Itwasobtainedacandidaterecombinantplasmidwhichenabled

theKAM3cellstogrow inthepresenceofTC.The2,018bpDNA

sequenceanalysisrevealedthatitcontainedanopenreadingframeto

beanopenreadingframe(ORF)fortetracyclineresistanceprotein,

TetB (Fig.2).TheDNA sequenceswastranslatedinthereading

frame(Fig 3)and theputativeproductwascompared,using the

BLAST algorithm,with all publicly available protein sequences

containedinthenonredundantdatabase.Comparisonofthededuced

primarystructureoftheTetBwiththoseofproteinspresentinthe

GenBankdatabaseindicatedthatthegreatestsimilaritywaswith

bacterialTetBs(Table4).

TheputativeTetB ofPhotobacterium sp.TC21(Furushitaetal.,

2003)showedthehighestsimilarity(100% identity)throughoutthe

entiresequence(Table4).ManyofthebacterialTetB registeredin

theGenBankdatabasealsoshowedsimilarlevelsofidentity(99%)to

theTetBofV.parahaemolyticus0854(Table4).

In ordertoelucidatethemechanism oftheantibioticresistance

caused by the TetB,the gene was sub-cloned into the plasmid

pSTV28.ThetetB genewasamplifiedbyPCR usingtheVP-tetBF

andVP-tetBRprimerset(Fig.4).TheamplifiedDNA wasdigested

withBamHIandthenligatedintopSTV28asdescribedinMaterials

andMethods.Theresulting plasmidwasdesignatedaspSTVTetB

andtransfomatedintoKAM3cells.TheKAM3cellsharboringthe

recombinantplasmid pSTVTetB areabletogrow in MH medium

containingTCandoxytetracyclinebutnotdoxycycline,indicatingthat



- 15 -

GATCTTCCAATACGCAACCTAAAGTAAAATGCCCCACAGCGCTGAGTGCATATAATGCATTCTCTA
GTGAAAAACCTTGTTGGCATAAAAAGGCTAATTGATTTTCGAGAGTTTCATACTGTTTTTCTGTAG
GCCGTGTACCTAAATGTACTTTTGCTCCATCGCGATGACTTAGTAAAGCACATCTAAAACTTTTAG
CGTTATTACGTAAAAAATCTTGCCAGCTTTCCCCTTCTAAAGGGCAAAAGTGAGTATGGTGCCTAT
CTAACATCTCAATGGCTAAGGCGTCGAGCAAAGCCCGCTTATTTTTTACATGCCAATACAATGTAG
GCTGCTCTACACCTAGCTTCTGGGCGAGTTTACGGGTTGTTAAACCTTCGATTCCGACCTCATTAA
GCAGCTCTAATGCGCTGTTAATCACTTTACTTTTATCTAATCTAGACATCATTAATTCCTAATTTT
TGTTGGCACTCTATCATTGATAGAGTTATTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAT
GAATAGTTCGACAAAGATCGCATTGGTAATTACGTTACTCGATGCCATGGGGATTGGCCTTATCAT
GCCAGTCTTGCCAACGTTATTACGTGAATTTATTGCTTCGGAAGATATCGCTAACCACTTTGGCGT
ATTGCTTGCACTTTATGCGTTAATGCAGGTTATCTTTGCTCCTTGGCTTGGAAAAATGTCTGACCG
ATTTGGTCGGCGCCCAGTGCTGTTGTTGTCATTAATAGGCGCATCGCTGGATTACTTATTGCTGGC
TTTTTCAAGTGCGCTTTGGATGCTGTATTTAGGCCGTTTGCTTTCAGGGATCACAGGAGCTACTGG
GGCTGTCGCGGCATCGGTCATTGCCGATACCACCTCAGCTTCTCAACGCGTGAAGTGGTTCGGTTG
GTTAGGGGCAAGTTTTGGGCTTGGTTTAATAGCGGGGCCTATTATTGGTGGTTTTGCAGGAGAGAT
TTCACCGCATAGTCCCTTTTTTATCGCTGCGTTGCTAAATATTGTCACTTTCCTTGTGGTTATGTT
TTGGTTCCGTGAAACCAAAAATACACGTGATAATACAGATACCGAAGTAGGGGTTGAGACGCAATC
GAATTCGGTATACATCACTTTATTTAAAACGATGCCCATTTTGTTGATTATTTATTTTTCAGCGCA
ATTGATAGGCCAAATTCCCGCAACGGTGTGGGTGCTATTTACCGAAAATCGTTTTGGATGGAATAG
CATGATGGTTGGCTTTTCATTAGCGGGTCTTGGTCTTTTACACTCAGTATTCCAAGCCTTTGTGGC
AGGAAGAATAGCCACTAAATGGGGCGAAAAAACGGCAGTACTGCTCGGATTTATTGCAGATAGTAG
TGCATTTGCCTTTTTAGCGTTTATATCTGAAGGTTGGTTAGTTTTCCCTGTTTTAATTTTATTGGC
TGGTGGTGGGATCGCTTTACCTGCATTACAGGGAGTGATGTCTATCCAAACAAAGAGTCATCAGCA
AGGTGCTTTACAGGGATTATTGGTGAGCCTTAACAATGCAACCGGTGTTATTGGCCCATTACTGTT
TGCTGTTATTTATAATCATTCACTACCAATTTGGGATGGCTGGATTTGGATTATTGGTTTGGCGTT
TTACTGTATTATTATCCTGCTATCGATGACCTTCATGTTAACCCCTCAAGCTCAGGGGAGTAAACA
GGAGACAAGTGCTTAGTTATTTCGTCACCAAATGATGTTATTCCGCGAAATATAATGACCCTCTTG
ATAACCCAAGAGGGCATTTTTTACGATAAAGAAGATTTAGCTTCAAATAAAACCTATCTATTTTAT
TTATCTTTCAAGCTCAATAAAAAGCCGCGGTAAATAGCAATAAATTGGCCTTTTTTATCGGCAAGC
TCTTTTAGGTTTTTCGCATGTATTGCGATATGCATAAACCAGCCATTGAGTAAGTTTTTAAGCACA
TCATCATCATAAGCTTTAAGTTGGTTCTCTTGGATC

Fig.2.Nucleotide sequences of the inserted DNA containing a gene

responsiblefortetracyclineresistance.
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1ATG/AAT/AGT/TCG/ACA/AAG/ATC/GCA/TTG/GTA/ATT/ACG/TTA/CTC/GAT/GCC/ATG/GGG/ATT/GGC/
M N S S T K I A L V I T L L D A M G I G

61CTT/ATC/ATG/CCA/GTC/TTG/CCA/ACG/TTA/TTA/CGT/GAA/TTT/ATT/GCT/TCG/GAA/GAT/ATC/GCT/
L I M P V L P T L L R E F I A S E D I A

121AAC/CAC/TTT/GGC/GTA/TTG/CTT/GCA/CTT/TAT/GCG/TTA/ATG/CAG/GTT/ATC/TTT/GCT/CCT/TGG/
N H F G V L L A L Y A L M Q V I F A P W

181CTT/GGA/AAA/ATG/TCT/GAC/CGA/GGT/CGG/CGC/CCA/GTG/CTG/TTG/TTG/TCA/TTA/ATA/GGC/GCA/
L G K M S D R F G R R P V L L L S L I G

241TTT/TCG/CTG/GAT/TAC/TTA/TTG/CTG/GCT/TTT/TCA/AGT/GCG/CTT/TGG/ATG/CTG/TAT/TTA/GGC/
A S L D Y L L L A F S S A L W M L Y L G

301CGT/TTG/CTT/TCA/GGG/ATC/ACA/GGA/GCT/ACT/GGG/GCT/GTC/GCG/GCA/TCG/GTC/ATT/GCC/GAT/
R L L S G I T G A T G A V A A S V I A D

361ACT/ACC/TCA/GCT/TCT/CAA/CGC/GTG/AAG/TGG/TTC/GGT/TGG/TTA/GGG/GCA/AGT/TTT/GGG/CTT/
T T S A S Q R V K W F G W L G A S F G L

421GGT/TTA/ATA/GCG/GGG/CCT/ATT/ATT/GGT/GGT/TTT/GCA/GGA/GAG/ATT/TCA/CCG/CAT/AGT/CCC/
G L I A G P I I G G F A G E I S P H S P

481TTT/TTT/ATC/GCT/GCG/TTG/CTA/AAT/ATT/GTC/ACT/TTC/CTT/GTG/GTT/ATG/TTT/TGG/TTC/CGT/
F F I A A L L N I V T F L V V M F W F R

541GAA/ACC/AAA/AAT/ACA/CGT/GAT/AAT/ACA/GAT/ACC/GAA/GTA/GGG/GTT/GAG/ACG/CAA/TCG/AAT/
E T K N T R D N T D T E V G V E T Q S N

601TCG/GTA/TAC/ATC/ACT/TTA/TTT/AAA/ACG/ATG/CCC/ATT/TTG/TTG/ATT/ATT/TAT/TTT/TCA/GCG/
S V Y I T L F K T M P I L L I I Y F S A

661CAA/TTG/ATA/GGC/CAA/ATT/CCC/GCA/ACG/GTG/TGG/GTG/CTA/TTT/ACC/GAA/AAT/CGT/TTT/GGA/
Q L I G Q I P A T V W V L F T E N R F G

721TGG/AAT/AGC/ATG/ATG/GTT/GGC/TTT/TCA/TTA/GCG/GGT/CTT/GGT/CTT/TTA/CAC/TCA/GTA/TTC/
W N S M M V G F S L A G L G L L H S V F

781CAA/GCC/TTT/GTG/GCA/GGA/AGA/ATA/GCC/ACT/AAA/TGG/GGC/GAA/AAA/ACG/GCA/GTA/CTG/CTC/
Q A F V A G R I A T K W G E K T A V L L

841GGA/TTT/ATT/GCA/GAT/AGT/AGT/GCA/TTT/GCC/TTT/TTA/GCG/TTT/ATA/TCT/GAA/GGT/TGG/TTA/
G F I A D S S A F A F L A F I S E G W L

901GTT/TTC/CCT/GTT/TTA/ATT/TTA/TTG/GCT/GGT/GGT/GGG/ATC/GCT/TTA/CCT/GCA/TTA/CAG/GGA/
V F P V L I L L A G G G I A L P A L Q G

961GTG/ATG/TCT/ATC/CAA/ACA/AAG/AGT/CAT/CAG/CAA/GGT/GCT/TTA/CAG/GGA/TTA/TTG/GTG/AGC/
V M S I Q T K S H Q Q G A L Q G L L V S

1021CTT/AAC/AAT/GCA/ACC/GGT/GTT/ATT/GGC/CCA/TTA/CTG/TTT/GCT/GTT/ATT/TAT/AAT/CAT/TCA/
L N N A T G V I G P L L F A V I Y N H S

1081CTA/CCA/ATT/TGG/GAT/GGC/TGG/ATT/TGG/ATT/ATT/GGT/TTA/GCG/TTT/TAC/TGT/ATT/ATT/ATC/
L P I W D G W I W I I G L A F Y C I I I

1141CTG/CTA/TCG/ATG/ACC/TTC/ATG/TTA/ACC/CCT/CAA/GCT/CAG/GGG/AGT/AAA/CAG/GAG/ACA/AGT/
L L S M T F M L T P Q A Q G S K Q E T S

1201GCT/TAG
A

Fig.3.DNA sequences and deduced amino acid sequences of a

tetracycline resistant gene, tetB, cloned from Vibrio

parahaemolyticus 0854.The DNA sequence is numbered on

theleft.
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Table4.HomologyanalysisoftheTetBofVibrioparahaemolyticus0854

Strain Protein Homology(%) Accessionno.

Photobacterium sp.TC21 tetracyclineresistanceprotein 99 BAC67134

Photobacterium sp.TC33 tetracyclineresistanceprotein 99 BAC67137

Vibriosp.TC68 tetracyclineresistanceprotein 99 BAC67141

Serratiamarcescens tetracyclineresistanceprotein 99 NP_941291

Escherichiacoli tetracyclineresistanceprotein 99 YP_001096450

Haemophilusparasuis tetracyclineresistanceprotein 99 YP_195816
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M 1

1,200 bp

Fig. 4. PCR products of the tetB gene containing BamHⅠ

endonuclease sites.M,100 bp plus DNA Ladder (Bioneer,

Korea);lane1,tetBofVibrioparahaemolyticus0854.
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theTetB geneoriginatedfrom V.parahaemolyticus0854conferthe

tetracycline-andoxytetracycline-resistancetothehostcells(Table

5).

2.Isolationandcharacterizationofanti-substance

againsttetracyclineresistancegene

2.1.Growth-inhibitory activity ofPoncirustrifoliata

againstE.coliKAM3/pSTVTetB

Itwasexpected thatafraction exhibiting an growth inhibitory

activityagainstKAM3/pSTVTetBcellswillcontainananti-substance

toinhibitthemechanism ofTCresistancesincethecellsareableto

grow inthepresenceofTC.ThemethanolicextractofP.trifoliata

showed an inhibitory activity againstKAM3/pSTVTetB cells in the

presence of TC (2 ㎍/㎖). The extract was partitioned using

n-hexane,CH2Cl2, EtOAc and n-BuOH,and obtained yields were

presented (Table 6).The soluble fraction ofEtOAc showed the

highestyieldcontent(30%)andthatofwaterwasthelowestyield

content(13.3%).

Among them,the EtOAc fractions showed strong antibacterial

activitywithinhibitoryzoneof12to14㎜ diametersonthegrowth

ofKAM3/pSTVTetB cells in the presence ofTC (2 ㎍/㎖)and

chloramphenicol(1㎍/㎖),whichwasstrongerthanotherfractions
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Table 5. Antibiotic resistance profiles of the tetracycline resistance protein (TetB) of Vib

parahaemolyticus0854

Strain

Minium inhibitoryconcentration(㎍/㎖)

Tetracycline Oxytetracycline Doxycycline

V.parahaemolyticus0854 128 32 16

KAM3/pSTV28 <4 <4 <4

KAM3/pSTVTetB 64 32 <4
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Table6.YieldofthePoncirustrifoliatasolventfractions

Solvents n-hexane CH2Cl2 EtOAc n-BuOH H2O

Yields

(%)
20.0 16.0 30.0 20.7 13.3

MeOH:methanol CH2Cl2:dichloromethane

EtOAc:ethylacetate n-BuOH:buthanol.
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(Table7).TheBuOH fraction had a comparatively weak activity

producingclearzoneswith7to8㎜ diameters.However,n-hexane,

CH2Cl2 and H2O fractions did notexhibitthe growth inhibitory

activityagainstKAM3/pSTVTetBcells.

2.2.Isolationofanactivecompoundexhibitinggrowth

inhibitoryactivity

Asdescribedabove,theEtOAcsoublefractionofP.trifoliatafruit

exhibitedstrong inhibitory activity onthegrowthofbacteriacells

containingthetetracyclineresistantgene,tetB,indicatingthatthe

fraction contain an anti-substanceagainstthegeneorthedrug

resistantprotein.

Inanattemptingtoisolatedand identifyanactivecompound,the

EtOAcfraction(100g)wasimpregnated

withasilicagel(particlesize 0.063-0.2mm,Merck,Germary)and

purifiedby chromatographyon asilicacolumn (80× 1,200㎜).

Solventsforgradientelutionweren-hexane:EtOAc(from 1:1to1:5

v/v)in agradientmodetoyield 6fractions(PE1-F01∼06).The

fractionsexhibitinggrowthinhibitoryactivityagainstKAM3/pSTVTetB

inthepresenceofTC (2㎎/㎖)wereassayedusingthepaperdisc

method.Amongthem,fractionPE1-F02showedsignificantinhibitory

activityagainstKAM3/pSTVTetBcellsinthepresenceofTC(Table

8).

ThefractionPE1-F02(6g)wasfurtherchromatographedona
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Table 7.Antibacteralactivity ofvarious solventfraction from 100% methanolextractagainstVib

parahaemolyticus0854

Poncirustrifoliata

MeOH Ex.

InhibitionZoneDiameter(mm)
a)

KAM3/pSTV28

(withchloramphenicol)

KAM3/pSTVTetB

(withchloramphenicol)

KAM3/pSTVTetB

(with tetracycline)

KAM3/pSTVTetB

(withchloramphen

andtetracycline)

n-hexane -
b)

- - -

CH2Cl2 - - - -

EtOAc - 12 12 14

n-BuOH - - 7 8

H2O - - - -

EscherichiacolicellswerecultivatedonMuller-Hintonagarinthepresenceorabsenceofantibiotics(2㎍/㎖

tetracycline,1㎍/㎖ ofchloramphenicol).A disccontaining5mgofeachfractionplacedontheinoculatedagar

Discdiameter(6mm)wasincluded.
b)
-:Noinhibition.CH2Cl2,dichloromethane;EtOAc,ethylacetate;n-BuO

buthanol.
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PE1
P.trifoliata

EtOAcFr.

Weight

(g)

InhibitionZoneDiameter(mm)a)

KAM3/pSTV28

(withchloramphenicol)

KAM3/pSTVTetB

(withchloramphenicol)

KAM3/pSTVTetB

(with tetracycline)

KAM3/pSTVTetB

(withchloramphenico

andtetracycline)

PE1-F01 Fr.14∼22 9.98 -
b)

- 7 6.5

PE1-F02 Fr.23∼33 6.19 - - 9 7

PE1-F03 Fr.34∼35 1.50 - - 7.5 7

PE1-F04 Fr.36∼54 19.11 - - 6.5 7

PE1-F05 Fr.55 0.73 - - 7 7

PE1-F06 Fr.56 0.76 - - 7 7

Table8.Growthinhibitoryactivityof6sub-fractionsoftheethylacetate

EscherichiacolicellswerecultivatedonMuller-Hintonagarinthepresenceorabsenceofantibiotics(2㎍/㎖

tetracyclineand1㎍/㎖ ofchloramphenicol).Ethylacetatesolublefractionwassubjectedforasilicagelcolu

chromatography.Solventsforgradientelutionweren-hexane:ethylacetate(from 1:1to1:5v/v).A disccontaining

mgofeachfractionplacedontheinoculatedagar.
a)
Discdiameter(6mm)wasincluded.

b)
-:Noinhibition.
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silicagelcolumn(40×600㎜)andelutedwithn-hexane:EtOAc

(from 2:1to1:1v/v)toyield12fractions(PE2-F01∼012).Among

them,fraction PE2-F011 and PE2-F012 exhibited strong growth

inhibitoryactivityagainstKAM3/pSTVTetB inthepresenceofTC

(Table 9). Specially, PE2-F012 fraction only exhibited growth

inhibitory activity against KAM3/pSTVTetB not control cells,

KAM3/pSTV (Table9).Inordertoisolateaspecificanti-substance

inhibitingthefunctionofTC resistance,PE2-F012fractionwasused

forfurtherseparation.

ThefractionPE2-F012(3.3g)wasre-chromatographedonasilicagel

column(30×500㎜)andelutedwithCH2Cl2:MeOH (from 10:1to

7:1v/v)inagradientmodetoyield13fractions(PE3-F01∼013).

However,the growth inhibitory activity ofthe 13 fractions was

disappeared afterrunning third silica gelcolumn chromatography

(Table 10).This kind of phenomena often occurs during the

purification proceduresofnaturalcompoundsdueto theloss,the

conformationalchange,orthe degradation ofan active compound

(Jung,2007).

Astheotheridea,itwasalsosupposedthatthegrowthinhibitory

activity exhibited in the PE2-F012 would originated from a

synergistic effect between compounds existing in the fraction.

Although,the13fractionsdidnotexhibitedthegrowthinhibitory

activity,further separation procedures were conducted to obtain

singlepurecompoundforfuturestudy.Amongthe13fractions,the

contentoffractionPE3-F013(1g)washigherthanothers.
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PE2 PE1-F02 Weight

(mg)

InhibitionZoneDiameter(mm)
a)

KAM3/pSTV28

(withchloramphenicol)

KAM3/pSTVTetB

(withchloramphenicol)

KAM3/pSTVTetB

(withtetracycline)

KAM3/pSTVTe

(withchloramphe

andtetracycline

PE2-F01 Fr.10 8.3 -
b)

- - -

PE2-F02 Fr.12∼14 9.3 - - - -

PE2-F03 Fr.20∼24 159.6 - - - -

PE2-F04 Fr.28∼30 97.5 - - - -

PE2-F05 Fr.34∼36 46.7 - - - -

PE2-F06 Fr.38∼40 30.3 - - - -

PE2-F07 Fr.48∼50 87.8 - - - -

PE2-F08 Fr.52∼54 97.1 - - - -

PE2-F09 Fr.64∼66 237.5 - - - -

PE2-F010 Fr.76∼80 295.8 - - - -

PE2-F011 Fr.81 505.7 7.5 7 8 8.5

PE2-F012 Fr.82 3286.0 - - 6.5 7.5

Table9.Growthinhibitoryactivityof12sub-fractionsofPE1-F02fraction

EscherichiacolicellswerecultivatedonMuller-Hintonagarinthepresenceorabsenceofantibiotics(2㎍/㎖

tetracyclineand1㎍/㎖ ofchloramphenicol).PE1-F02wassubjectedforasilicagelcolumnchromatography.Solve

forgradientelutionweren-hexane:ethylacetate(from2:1to1:1v/v).A disccontaining0.5mgofeachfractionpla

ontheinoculatedagar.
a)
Discdiameter(6mm)wasincluded.

b)
-:Noinhibition.
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PE3 PE2-F012 Weight

(mg)

InhibitionZoneDiameter(mm)a)

KAM3/pSTV28

(withchloramphenicol)

KAM3/pSTVTetB

(withchloramphenicol)

KAM3/pSTVTetB

(with tetracycline)

KAM3/pSTVTet

(withchloramphen

andtetracycline

PE3-F01 Fr.1∼2 201.2 -
b)

- - -

PE3-F02 Fr.3∼7 225.7 - - - -

PE3-F03 Fr.8∼11 238.1 - - - -

PE3-F04 Fr.12∼14 154.4 - - - -

PE3-F05 Fr.15∼16 217.5 - - - -

PE3-F06 Fr.17∼18 391.1 - - - -

PE3-F07 Fr.19∼20 73.0 - - - -

PE3-F08 Fr.21∼24 241.6 - - - -

PE3-F09 Fr.25∼30 247.1 - - - -

PE3-F010 Fr.31∼35 65.0 - - - -

PE3-F011 Fr.36∼37 189.2 - - - -

PE3-F012 Fr.38 19.4 - - - -

PE3-F013 Fr.39 1022.7 - - - -

Table10.Growthinhibitoryactivityof 13sub-fractionsofPE2-F012

EscherichiacolicellswerecultivatedonMuller-Hintonagarinthepresenceorabsenceofantibiotics(2㎍/㎖

tetracyclineand1㎍/㎖ ofchloramphenicol).PE2-F12fractionwassubjectedforasilicagelcolumnchromatograp

Solventsforgradientelutionweredichloromethane:methanol(from 10:1to7:1v/v).A disccontaining0.5mgofe

fractionplacedontheinoculatedagar.
a)
Discdiameter(6mm)wasincluded.

b)
-:Noinhibition.
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ThePE3-F013wasrechromatographedonasilicagelcolumn(30×

500㎜)andelutedwith CH2Cl2 :MeOH :H2O (from 10:1:0.1to

3:1:0.1v/v)inagradientmodetoyield12fractions(PE4-F1∼12)

(Fig.5).

Finally,compound1(21.1㎎)wasobtainedfrom fractionPE4-F02

(0.8 g) after further purification over Sephadex LH-20 column

chromatography(Amersham PharmaciaBiotech,30×400㎜)eluted

with MeOH andrecrystallisation in MeOH.Compound2 (19.8㎎)

wasobtainedfrom fractionPE4-F04(0.5g)afterfurtherpurification

overSephadexLH-20columnchromatographyelutedwithMeOH and

recrystallisationinMeOH(Fig.5).

2.3.Structuredeterminationofcompound1and2

Compound1(Fig.6and7)and2(Fig.8and9)wereidentifiedto

be poncirin and naringin by
1
H-NMR and

13
C-NMR,respectively

(Fig.10).The nuclear magnetic resonance (NMR) spectrum of

compound1and2wasasfollows.

Compound1.Yellow powder;
1
H-NMR(CD3OD,250MHz)δ:7.31

(2H,d,J =8.7Hz,H-2',H-6'),6.86(2H,d,J=8.7Hz,H-3',

H-5'),6.09(1H,d,J=2.2Hz,H-8),6.07(1H,d,J=2.2Hz,H-6),

5.31(1H,dd,J=12.7Hz,2.9Hz,H-2),5.16(1H,d,J=1.3Hz,

H-1'),4.98(1H,d,J=7.2Hz,H-1'),3.79(3H,s,OCH3),3.08(1H,
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Poncirus trifoliata (L.) Raf.

100% MeOH

Aqueous Layer

H2OEtOAc faction

Silica gel column chromatography

316 fractions  obtained

1 2 3 4 5 6

TLC

Paper disc test 

2

Silica gel column chromatography

82 fractions  obtained

1 2 3 4 5 6 7 8 9 10 11 12

TLC

Paper disc test 

12

Silica gel column chromatography

39 fractions  obtained

1 2 3 4 5 6 7 8 9 10 11 12 13

TLC

13

Sephadex LH-20 column chromatography 
(in MeOH)

344 fractions obtained

1 2 3 4 5 6 7 8 9 10 11 12

Silica gel column chromatography

n-hexane:EtOAc gradient
(from 1:1 to 1:5 v/v)

n-hexane:EtOAc gradient
(from 2:1 to 1:1 v/v)

CH2Cl2:MeOH gradient
(from 10:1 to 7:1 v/v)

CH2Cl2:MeOH:H2O gradient
(from 10:1:0.1 to 3:1:0.1 v/v)

1  2  ………. 12

1  2  ………. 14

4 ~ 6
(21.1 mg)

7~9
(8.7 mg)

6~9
(19.8 mg)

1  2  ………. 13

9~11
(15.4 mg)

1  2  ………. 12

2~4
(6.5 mg)

compound1 compound2

Fig.5.Isolation ofactive compound responsible for antimicrobial

activityinethylacetatefractionofPoncirustrifoliata.
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Fig.6.1H-NMRspectrum ofcompound1.
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Fig.7.13C-NMRspectrum ofcompound1.
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Fig.8.
1
H-NMRspectrum ofcompound2.
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Fig.9.
13
C-NMRspectrum ofcompound2.
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(1)

(2)

Fig.10.Structuresofponcirin(1)andnaringin(2).
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m,H-3a),2.66(1H,dd,J=17.2Hz,3.1Hz,H-3b),1.20(3H,d,J=

6.2 Hz,H-6');
13
C-NMR (CD3OD,63MHz) δ:198.4(C-4),166.6

(C-7),165.0 (C-5),164.5 (C-9),161.5 (C-4'),132.1 (C-1'),129.0

(C-2',C-6'),115.0 (C-3',C-5'),104.9 (C-10),102.5(C-1'),99.4

(C-1'),97.9(C-6),96.8(C-8),79.5(C-2),79.0(C-2'),78.9(C-5'),

78.1(C-3'),73.9(C-4'),72.2(C-2',C-3'),71.2(C-4'),70.0(C-5'),

62.2(C-6'),55.8(OCH3),44.1(C-3),18.2(C-6').

Compound2.Yellow powder;
1
H-NMR(CD3OD,250MHz)δ:7.20

(2H,d,J=8.6Hz,H-2',H-6'),6.70 (2H,d,J=8.6Hz,H-3',

H-5'),6.05(1H,d,J=2.2Hz,H-8),6.03(1H,d,J=2.2Hz,H-6),

5.25(1H,dd,J=12.9Hz,2.8Hz,H-2),5.13(1H,d,J=1.5Hz,

H-1'),4.97(1H,d,J=7.2Hz,H-1'),3.07(1H,m,H-3a),2.63(1H,

dd,J=17.2Hz, 2.9Hz,H-3b),1.17(3H,d,J=6.2Hz,H-6');

13
C-NMR(CD3OD,63MHz)δ:198.5(C-4),166.6(C-7),165.0(C-5),

164.6 (C-9),159.1 (C-4'),130.8 (C-1'),129.1 (C-2',C-6'),116.3

(C-3',C-5'),104.9(C-10),102.5(C-1'),99.3(C-1'),97.8(C-6),96.7

(C-8),80.7(C-2),79.0(C-2'),78.9(C-5'),78.1(C-3'),73.9(C-4'),

72.2(C-2',C-3'),71.2(C-4'),70.0(C-5'),62.2(C-6'),44.1(C-3),

18.2(C-6').
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Summary

A tetracyclineresistantV.parahaemoliticus,capableofgrowingon

TCBS medium containing tetracycline,wasisolatedfrom cultivated

fishes.A generesponsibleforthetetracyclineresistancewascloned

from thechromosomalDNA ofV.parahaemolyticus0854usingE.

coliKAM3,whichlacksmajormultidrugeffluxpumps(△acrB)as

hostcells.Itwasdeterminedtobeanopenreadingframe(ORF)for

tetracyclineresistanceprotein (TetB)by thenucleotidesequence.In

ordertocharacterizetheantibioticresistanceofTetBoriginatedfrom

V.parahaemolyticus0854,thetetB genewassub-cloned intothe

plasmidpSTV28.TheresultingplasmidwasdesignatedaspSTVTetB

andtransfomatedintoKAM3.KAM3cellsharboringtherecombinant

plasmidpSTVTetB isabletogrow onplatescontainingtetracycline

and oxytetracyclinebutdoxycycline,indicating thatthetetB gene

originatedfrom V.parahaemolyticus0854conferthetetracycline-and

oxytetracycline-resistancetothehostcells.

Next, it was designed an in vivo screening assay using

KAM3/pSTVTetB to discover new drug(s) or specific

anti-substance(s) against tetracycline resistant gene or protein.

Severalmedicinalplantswere evaluated foritsinhibitory activity

against KAM3/pSTVTetB in the presence of tetracycline and

chloramphenicol.ThemethanolicextractofPoncirustrifoliata (L.)

Raf.exhibitedsignificantinhibitoryactivityagainstthecells.

Toperform moredetailinvestigationontheinhibitoryactivity,the
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methanolic extract was further participated with severalorganic

solventstoyieldn-hexane,dichloromethane(CH2Cl2),ethylacetate

(EtOAc),and n-butanolfractions.The inhibitory activity ofeach

fractionagainstKAM3/pSTV TetB wasassayedbyusingapaper

discmethod in thepresenceoftetracycline.Among them,EtOAc

fractionshowedthehighestinhibitoryactivity.TheEtOAcfraction

was subjected to column chromatography overa silica gelwith

n-hexane :EtOAc (from 1:1 to 1:5 v/v) gradually,yielding 6

subfractions.PE1-F02fractionshowedthestrongestgrowthinhibitory

activityagainstKAM3/pSTVTetB cellsandwerefurtherseparated

into thirteen fraction. Among them, fractions PE3-F013 were

re-separated intotwelvefraction.Among twelvefraction,PE4-F02

(compound1)andPE4-F04(compound2)fractionswereobtainedby

SephadexLH-20columnchromatography.Inthefraction,twomajor

compounds were observed by thin layer chromatography (TLC).

Compound1and2wereidentifiedtobeponcirinandnaringinby

1
H-NMRand

13
C-NMR,respectively.
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실험실의 영원한 기자 근식이,진이,현아,동원이,광희,광덕이,재홍이,해원,

은주,형훈이,호준이,선영이,지일이,민정이 지금 멀리 타국에서 열심히 공부

하고 있을 대웅이,명철,은영,현주에게도 깊은 애정과 감사의 마음을 전합니

다.특히 저를 도와 논문실험과 온갖 잡무들을 군소리 하나 없이 처리해 준 혜

진이에게는 미안한 마음이 더 큽니다.논문이 완성되어 가는 과정에서 격려를

아끼지 않은 라미언니,명아,소연이,혜을이,은주,수정이,보화,동규,현덕오

빠,현석,민규,영희,민이,김경찬 선생님,임동현 선생님,김성원 선생님,이종

호 선생님,최성두 선생님,안태형 선생님 이하 모든 이들의 배려와 관심에 감

사의 글을 올립니다.끝으로,제 인생의 버팀목인 가족과 셀 수 조차 없는 긴

시간을 같이 기뻐하고 아파해준 남자친구 이의섭에게 이 작은 기쁨을 바칩니다.
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