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MfCROBIAL ECOLOGY

lnfluence ofintestinalanaerobes and organic acids

On the growth of enterohaemorrhagic EscherEchEa
CO〃0157：H7

R．SHIN．M．SUZUKland Y．MORISHITA＊
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A suspension ofhumanfheces（FS）andits anaerobic culture（FC），bacterialmetabolic

PrOductSandorganicacidswereexatninedbrinhibitorye蝕ctsongrowthandverotoxiTI
2（VT2）productionofEscherichiacoHO157：H7inv肋・0・FSandFCshowedamarked

inhibitory activity to growth and production of VT2　by E coLi O157：II7　under

anaerobic conditions．They may haveboth bacteriostatic and bactericidale恥cts on且

COLiO157．The growth of且coLiO157was markedly SupPreSSed by acetic，PrOP10mic

and butyric acids comparedwith hydrochloric acid andlactic acid at concentratiOns

between25mM and40mM，beingproportionaltothepHvalues・AtpH5・5，40mMOf

Short－Chainfattyacids（SCFAs）almoStCOmPletelyinhibitedthegrowthof且coLiO157・

SCFAs tnarkedlyinhibited the growth ofE coLiO157at pH6・O rather than pH7・0・

Propiomicacidislikelytobemoresuppressiveto且coHthanaceticandbutyricacidS・

TheproductionofVT2wasapproximatelyproportionaltothegrowthof且coLiO157・
However；incubationfbr24hinviLroShowedthatthegrowthandVT2productionofE

COHO157decreasedbutwerenotcompletelyinhibitedatpH6．5and7．OiTlamiⅩtureOf

acetiC，PrOPiomic and butyric acids ata physiologicalconcentration（110mM，60：25：25，

respectively，inmolarrati0）．Iti＄PrObablethatthecolonicmicro血Oracouldcontribute

to a reduction ofE coLiO157：H7in鮎Ctions via the activatioTIOfintestinalfbrmentation

by dietary manipulation or sotnething similar to glVe PII6・00r＜6・O and that fhctor＄

SuChasageIChemicaltherapyandbodycotLditiotL）WhichhaveefFbctsonthebalanceof
theintestiTlalmicrodora，WOuld be associatedwith theincidence rates ofE coHO157
imfbcdons．

Introduedon

In1996，1arge outbreaks of enterohaemorrhagic E－

cherichia coli O157：H7　disease occurredinJapan．

According to theAmual Report ofFood Poisonlng
Outbreaksin1996（Welfare Ministry ofJapan），the

PreValenceofE．coliO157：H7infectionsinfiveschool

Outbreaksrangedfrom15．7to50．3％inchildrenwho

ateschoollunChes．Theprevalenceratesintwohomes

fortheelderlywerell．5％and18．5％．However，inthe

Same year，the prevalence rate　for E coli O157

inftctionin a company outbreak was onlyl・5％in

the staffwho ate canteen fbod．Adults，eXCluding

elderlyindividuals，areCOnSideredtobemoreresistant

toE．coliO157inftctionthanchildren．Otherreported
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riskfactors，apartfrombeingyoungOrelderly，lnClude

recentantimicrobialtherapyandprevious gastrectomy

ll］．Thesefactorsareconsideredtobeassociatedwith

Changesinthecompositionoftheintestinalmicroflora，

Or With reduced activity　of the micro且ora，Which

PrOVides protection against bacterialinfbctions ofthe

intestine．The factors associated with this protective

actlVlty are PH，redox potentialand fbrmentation

PrOducts such as acetic，PrOpionic，butyriCandlactic

acids［2－5］．The present study wasundertaken to

examinethe e飴ct ofhuman faecalmixedcultures and

Organic acids on the production of verocytotoxin2

（VT2）andthegrowthofE．coliO157：H7invitTV．

Materials and methodS

βdCerα日かⅥわけα乃d c〟J〟で椚edα

E．coli O157：H7strain HYM，a hunanisolate録om

Hiroshima，Japan，WaS kindly provided by Dr K・
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rIbmura，DepartmentofBacteri0logy，NationalInstitute

OfInfbctious Diseases，Japan．Non－pathogenic E．Coli

Strain128wasobtainedfromtheLaboratoryofAnimal
Cell Systems，Institute of Chemical　and Physical

Research（RIKEN），Japan．E．colistrainswere grown

aerobicallyin Trypticase Soy Broth（TSB；BBL，

BectonDickinsonMicrobiologySystems，Cockeysville，

MD，USA）．

Fresh faecalsuspension（FS）was obtainedbyhom0－

genlSlnglgoffreshfaeces丘omahealthyhumanadult

in　9ml of Gifu　Anaerobic Medium（GAM）broth

（Nissui Seiyaku，Tbkyo，Japan），and　an　anaerObic

Culture of FS（FC）was obtained by24－h anaerobic

cultivation offive－fo1d dilutions ofFSin GAM broth．

Anaerobicincubation was perfomed at370C by the

Steel wool methodin ananaerObic jar as described

PreViouslyl6，7］．

0曙α乃わdCんか

Stocksolutionsofacetic，PrOPionic，butyriCandlactic

acidsweresterilisedbymembranefiltrationanddiluted

indistilledwatertoyieldappropnateconcentrationsof

acids before adding to TSB．The chemicals were

purchased　舟om Wako Chemical Co．Ltd（Tbkyo，

Japan）．ThepHofTSBwithaddedacidswasa句usted
with HCland NaOH．

月加椚〃αわ乃ノr　乃鋸的0乃q g．COJ妙dCお

An18－hcultureinTSB ofE．colistrains，pathogenic

andnon－Pathogenic，WaSdilutedwithphosphatebu蝕r

SOlution（1：300）．The resulting suspension（0・1ml）

wasinoculatedatlXlO5E．colicells／mlinto丘esh

TSBinduplicatewithaslngleacidormixtureofacids

and no aci仕andincubated aerobica11y and anaerobi－

Callyfor6and24h at370c without shakingin the

anaerobicjarwithreducedcopperl6］．Acidmixturesat

concentrations of40，75andllOmM were COmPOSed

Ofacetic，prOPionicandbutyricacidsatamolarratio

Of60：25：25，reSpeCtively．The physiologicallevel of

acidintheupperpartOfthehumanCOlonisc・110mM

l81．A允erincubation，the turbidity of cultures was

determined at650nm with a spectrophotometer（Bio

Spec－1600，Shimadzu，Tbkyo，J叩an）・

肋edc〟JJ〟柁q／且．coJf OJ57W油．βecαJ

∫〟甲e〃∫わ乃（叩α乃dα乃αe和朗cc〃ぬ托す用
rFq

TheTSB cultureOfE．coliO157wasaddedto6mlof

GAMbrothinlO一mltubesinduplicatetoglVeafinal

cellconcentrationofc．1×105／ml，andtheninocu－

1ated with O．6ml of FS（final concentration c．

5×108／ml）andO．2mlofFC（C．5×108／ml）．The

inoculatedmediawereincubatedanaerobicallyfor6h

and　24h at　370C．Afterincubation，Cultures were

seriallydilutedinphosphatebufrbrforenumerationof

E．coliO157，and50－FLIsamplesofsuitabledilutions

WereSpreadinduplicateonTrypticaseSoyAgar（TSA；

BBL）andincubated aerobically ovemight at370c

l6，7］．ThepHofthe cultureswasdeterminedwitha

PH meter．Colonies ofE coligrownOn TSAin the
mixed cultures ofFS and FC were examinedfor VT2

PrOductiontoidentifyE．coliO157．

lTJ‘J∫叫1㌧ヾ

Tb assay VT2in broth cultures，eaCh culture was

Centrifuged at12000gfor5min at200C，and then

Serial two－fold dilutions of supemateS（25FLl）were

examined　for agglutination with　a VTEC－RPLA

（Verocytotoxin－PrOducingE．coli－reVerSedpassivelatex

agglutination）kit（Denka Seiken Co・，Tbkyo，Japan）

according to the manufacturer’sinstruCtions．Titres

Were eXPreSSed as the highest dilution that gave ag－

glutination after　24h at room temperature．The

SenSitivityofthiskitwaslngofVT2／ml．

Results

聯cJq／ク〃0乃且．C（，Jf OJJ7g和WJカ〃乃鹿r
derり朗Cα〃dα乃αe和みfc co′比かfo〝∫

Fig．l shows the effbct ofpH on growth ofE．coli

O157inpH－a4iustedTSBunderaerobicandanaerobic

COnditions．The growth ofE．coliO157was approxi－

matelyproportionaltothepHvalueafterincubationfor

24h．Anaerobicincubation resultedinless E．coli

O157　growth than aerobicincubation，With the

exceptlOn Of cultures at pH4．2　at which E coli

O157did not grow aerobically，but grew slightlyln

anaerobic conditions．

4．2　　　4．7　　　　5．2　　　6．1　　　7．3

PHvalue

Fig．1．EffbctofpHongrowthofEcoliO157inaerobic（ロ）
and anaerobic（澤）cultivation．Bacteriawere grownin TSB

WiththepHa4justedbyHCl．
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mp和血cJわ乃q／且．coJ～0757

1払blelshowsgrowthandVT2titreofE・COliO157at

difftrent pH valuesin acid concentrations of40mM

under anaerobic conditions．Short－Chain fatty　acids

（SCFAs），SuChasacetic，prOPionicandbutyricacids，at
40mM cOnCentration showed markedinhibition of E．

coli O157at pH5．5，both at6h and24h，and at

pH6．O at6h，Whereas hydrochloricandlactic acids

ShowedonlyslightinhibitionofE・COliO157atpH5・5

COmPared with pH6．O and7・0・Lactic acid showed

Slightly higherinhibitory activitythanhydrochloric

acidatthethreepHvaluesafterincubationfor6hbut

muchlowerinhibitoryactivitythanSCFAs．VT2titres

WereprOpOrtionaltotheamountofgrowthofE coli

O157．Withincubationfor6h at pH7．0all SCFAs

inhibited production of VT2　and there was slower

growth of E coli O157compared withlacticand

hydrochloric acids afterincubationfor6h at pH7・0・

Among SCFAs，PrOplOnic acid showed the greatest
inhibitionofE．coliO157growth．

1hble　2　shows the e飴ct of difftrent concentrations

（25mMand40mM）ofallacidsonthegrowthofE．

COliO157and non－Pathogenic E．coli128at pH6．O

andpH7．0underanaerobic conditions・Atconcentra－

tions of25and40mM aCetic，PrOpionic and butyric

acids mafkedly delayed growth of both strains at

PH6．0Compared withlactic and hydrochloric acids・

Propionic acid was the most suppressiveforboth E・

COlistrains，WithmafkedlyreducedgrowthaRer6hbut
not24h．

聯cJq／椚如才〟柁qr∫α舅0乃g和WJ烏α乃d m

p和血C血乃q／且．coJfOJ57

Table3shows the growth and VT2titre of E．coli

O157in media with SCFA mixtures of acetic，

PrOPionic and butyric acids at a molar　ratio of
60：25：25underaerobicandanaerObic conditions．Acid

mixtures of40，75　and110mM StrOnglyinhibited

growthandVT2productionafterincubationfor6hat

pH6・0，6・5and7・0・A舟erincubationfor24h，aCid

mixturesof75andl10mMshowedstronginhibitionof

growthand VT2production at pH6・0，While only

moderate growth and VT2production werefound at
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PH6．5and7．0at the acid concentrations of75and

llOmM．GrowthandVT2productionofE．coliO157

tended to be greaterunder aerobic than anaerobic

conditions．

血鮎的0乃オ且．coJ OJ57gJpWJカα乃d m

p和血C如乃妙αノaecαJ∫〟甲e那わ乃（印α乃d24－ゐ

C〟JJ〟托すf苫伊q

The viable count of E．coli O157increased　丘om

lXlO5Cfu／mlto8×105Cfu／mla鮎rincubationfor

6h compared with thatin pure culture（7×

108Cfu／ml），followedbydecreasednumbersofE．coli

O157after24h（Fig．2a）．No VT2production was

detectedfrom the mixed culture after6h and24h，

While higher titres ofVT2Were detectedin the pure
cultures ofE．coli O157after culturefor24h than at

6h．ThepHvalueofthemixedcultureincreased丘om
5．6a允er6h ofcultivation to6．5after24h．FC also

inhibited E．coliO157growthand VT2production，

WhichwassimilartothefindingsfbrFS．ThepHvalue

Ofmixedcultureswashighera食er24h（6．3）thanafter

6h（5．8）inFC（Fig．2b）．ThepHvalueswerehigherin

both mixed cultures thanin the E coli O157pure
Culture．

Discussion

This studyindicates that SCFAs　are clearly more

SuPPreSSivetothegrowthofE．coliO157andthenon－

PathogenicstrainatbothlowerpHandunderanaerobic

COnditions．SCFAsWere much moreinhibitory to the

growth ofE colithanlactic and hydrochloric acids．

Thesefindings agree with previous studies on the

growth of Sblmonella and Shigelhl SPp．atlow pH

under anaerobic conditionsl2－5］．Furthermore，they

SuggeSt that proplOnic acidislikely to be more

inhibitory to the growth of E．coli O157and non－

Pathogenic strain128than acetic and butyric acids

duringtheearlyperiodofincubation（6h）．

SCFAsCompletelyinhibitedthegrowthofEcoliO157

andproductionofVT2atpH5．5ataconcentrationof

40mM，Whichis muchless than physiological con－

Centrationsin the colon．However，in media with a

higherpH（pH6．5－7．0），the mixture ofacids didnot

Tablel．Effects ofSCFAsandpH on growth andVT2production ofE．coliO157：H7in anaerobic conditions

OD650（log2VT2titre）＊at

Organic acid 6b　　　　　　　　24h　　　　　　　　6h

Acetic

Propionic

Butydc

Lactic

HCl

0．00（NT）

0．00（NT）

0．00（NT）

0．37（NT）

0．40（NT）

0．02（ND）

0．00（ND）

0．00（ND）

0．40（2）

0．42（2）

0．02（NT）

0．00（NT）

0．00（NT）

0．37（NT）

0．42（NT）
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ND，nOt detected；NT；not tested．

＊Averageofduplicatefindings・
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Table2．EffbctsofSCFAsandpHongrowthofE・COliO157：H7andnon－pathogenicE・COliinanaerobicconditions

OD650＊with25mMSCFAsat

Strain and

Organic acid

OD650With40mM SCFAs at

0157

Acetic

Propionic

Butyic
Lactic

HCI

Non－pathogenic strain

Acetic

Propionic

Butydc

Lactic

HCl
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＊Averageofduplicatefindings・

inhibit growth and VT2production ofE・COliO157

even at high concentrations of75andl10mM after

incubationfor24h．Thesefindings suggest that the

colon contents probably should be kept at pH6・0

0rlowerforprevention ofE・COliO157growth and

VT2productionfora24－hincubationperiOdevenat

physiologicalconcentrations（C・110mM）ofSCFAin

thecolon．Theupperpartofthecolonis，OnaVerage，at

c．pH6．00r Slightlylessin healthyindividualsl8］・

Therefore，the normal colon shouldinl1ibit E．coli

O157foratleast24hafteringestion，although there

areindividualdifrbrencesinthecolonicpH．However，

PeOPle who have a colon pH of≧6・5　could be

susceptible to E．coliO157inftctions・Therefore，lt

maybeimportanttOlngeStfoodsupplementssuchas

non－digestible oligosaccharides　and polysaccharides

免vourablefor bacterialfermentation as prebioticsin

thecolonwiththeintentionofpreventlnginfectionor

growthofE．coliO157［8L12］・

FSandFCmayinl1ibitgrow血andVT2productionof

E．coliO157intwostages．E．coliO157showedonly

Slight growth afterincubationfor6h and then the

viable count decreased even when the pHincreased

a氏er24h・Duringtheearlystageofincubation，SCFAs

andthelowpH ofthemixedcultureWithFS orFC

Table3．Effects ofmixtures of SCFAson growth and VT2
Conditions

probablyinhibit the E．coli O157growthand VT2

productionbacteriostatically．Duringlaterstages，SOme

bactericidalsubstanCeSthatareproducedbythefaecal

micro負oramay decreasethenumberofE coliO157

under neutral conditions．Thesefindings suggest the

presenceofnotonlySCFAsbutalsoanti－E・COliO157

SubstanCeSPrOducedbyanaerobicbacteriainthecolon・

Itis not clear whatanti－E．coli O157substanCeS are

PrOducedin vitYV．However，anti－E・COli O157sub－

StanCeS may aCt under neutral conditions，Which

SuggeStS that they may be a combination ofhydro－

SulphideandalkalinesubstanCeS，SuChasammoniaand

amines，PrOducedinthelaterstagesofcultivationand

after exhaustion ofsugarunder anaerobic conditions・

Hydrogen sulphide has been reported to beinhibi－

tory to the growth of E．coli at neutral pHl13］・

FurthermOre，thepresentobservationsaresimilartothe

findingthatthepopulationofE coliO157inbovine

faecesincreasedandthendecreasedwithincreasedpH

duringanincubation period of24h at370Cl14］・

However，Stimulationofhydrogensulphideproduction

inthecolonisunlikelytoberecommendedbecauseit
is toxic．

Thepopulationofnon－pathogenic E・COliinthelarge

boweldecreaseswithcolonisationofanaerObicbacteria

production ofE．coliO157in aerobicand anaerobic

OD650（log2VT2titre）at

pH6．O pH6・5　　　　　　　　　　pH7・0

Concentration（mM）　Incubationtime（h）　Aerobic　　Anaerobic Aerobic　　Anaerobic Aerobic　　Anaerobic
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Fig．2．InhibitionofgrowthandVT2productionofE・COliO157strainHYMinmixedculturestmderanaerobicconditionsby（a）
faecalsuspension（FS）and（b）24－hcultureofFS（FC）・LinesindicategrowthofE・COliO157（－，PureCulture；＝－，mixed

culture），barsexpressthetitreofVT2（＝′二’，E．colipureculture；T，mixedculture）andthepHofculturesisshowninparentheses・

in theintestine ofanimals and manl15－18］．Thisis

associatedwithcolonisatioTreSistancenora（CRF）and
chloroform－reSistantbactena（CRB）thatareimportant

forinhibitingE．coligrowthl17，19，20］．CRBinclude

colonic clostridia and they contribute not only to

decreaslng the population of E coli but also to

inhibitingE・COlitranslocationfromtheintestinaltract

l20］．CRBareprobablythemoreimportantpartofthe

CRFITherefore，ltis understandable that FSand FC

shouldinl1ibitgrowthandVT2productionofE・COli

O157，aS FS and FC contain anaerobic bacteria

includingCRB．

E．coliO157inftctionsmaybeassociatedwithchanges

in the activityofthe colonic microflora・Thepresent

findings suggest that SCFAs，lower pH and certain

bactericidal substances produced byintestinal anae－

robesinthecolonmaybeimportantforreducingthe
incidence of E．coli O157infbctions．Stimulation of

acidfnnentationmayalsobeimportantforprevention

ofE．coliO157infections．ForthatpurposelngeStion

offoodandfoodsupplementscontalnlngnOn－digestible

Carbohydratesisrecommended・

We thank Dr K．Thura，Department Of Bacteri01ogy，National
InstituteofInftctiousDiseases，Japan，forprovidingtheE．coliO157
strain．
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