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ldentification of Heterotrophic Plate Count Bacteria
Isolated from Drinking Water in Japan
by DNA Sequencing Analysis

AKIKO INOMATA®, TAKASHI CHIBA, AND MITSUGU HOSAKA

i ok Matropoitan instinge of Pubiic Heslti, FH) ydf{iinif? ol P41,
Shdrifokke, ke w FER-007S, Japss
Recelved 19 March, 2008/ Aceepled PO Juns, 2008

Heterotrophic plate count {HFE;} test has been employed to indicate the effectiveness of
water treatment processes and the microblological condition of the distribution system. In
Japan, because the majority of HPC bacteria are supposed to be harmless and all tap water
should maintain residual chiorine, there sre few studies of the virulence of HPLC bacterla. In
tils study, we examined HPC bacteria isolated from firished and tap water for hemuolylic ac-
ity to éeierm%na their virulence potential. 34 of 39 colonies expressing hemolytic activity
‘were Identifled by partial 16S rDNA sequencing, but some of thelr parcent identity were rela-
tively low. This may have been due to the mismatching of the primer palr with some sirains,
‘or these strains may be uai:%eniiﬂe{i new specles. A total of 30 of 34 Isolates Identifled have
baen regurled to be sg}pmmmsﬁc pathogens or food pﬁiss}nmg bacteria. To controf the
growth of thess opportunistic pa%imgens among HPC E}acteﬂa} appropriate water quality con-
trol must always be done and residual chlorine must be maintained In every tap for a safe wa-
ter supply.

flay words © HPC bapierla / Drinking waler/Homolysie assay/ 185 fONA sequencing / Opportunistio
pathiogen.

{Japan Water Works Associalion, 200131 Howewer, iy
Eum@& United Siates, and South Africa, many siud-
% on the virulence of HPG becleria have been car-
g%{i aul. It these sudies, some viraence faciors wars
researched, To produce dissase, Baciera mus 51 pftan
atiaoh to, penedrato, and multiply in epithalial celis or

INTRODUGTION

The heterofrophiz plate count {(HPCY tast has baen
considered o be a good indicator of the effectivensss
of waler romtmond processes and the microbological
sordition of the drinking water distribution system be-

cause the numbar of HRD baclesia in drinking water is
r‘matﬁ\{ than coliforme or slandand ;Ea te cound becte-
rm, Mnf.i also HPC bacteria increase in the cases of
2 of rogidual ﬁé%zi‘l‘é‘%‘tam or the siagnation of
wazsr u the disiribution system. In. Japan, there have
been tew studiss on the virulonco of HPC paocteria be-
cause 2l tap watel Is fegUiated to maintaln ros idual
chlorine oy lew and, the majorily ol HPC bacteria
iéi}L;r:ci] in fap water are supposed tn be hasmloss

+ éi’f 3&5’5‘? 33&3

Lgrreemmme authos. T8
2 .ﬁ%& SOBE, ““m;}fi“ :
!Gﬁ:?&m

10

produne toxns o other aubstancau thal thasropt th
normal metabolizm of the attacked cells In thess
coundries, HPC baclera expressing virulence factors
such as hemalysis, ovlolodcily, bwashvensss, and
adherence, ware isolated from drinking water {Lye
and Dufour, 1884 Payment, Gollin and Paqueiis,

1994, Friberg of al, 1997; Pavlov et al,, 2042 Stelma
et al, 2004; { ye and Du four, 20087, To evaluate the
health risks of HPC bacteria, individual vindent HPC
bacterium isolsted. Trom drinking water should be
idondified 'af'cu aiely. Monatholess, in thess pravious
studlos, various phenolypie taste could not sucoass-
fully idendify most of the vilurent HPC bacteria at the
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spacies lovel (Paymend, Collln and Pagustis, 1884,
Edberg et al, 1997; Paviov et al, 2002}, 1§ s consid-
ered that the scalo of the delabase from shenotypic
iesis usad is insulflclent for identification of HPG bac-
teria In tho emdronment becsuse phenotypic sty
have: boon developad for the identification af patho-
genic bacteria. '
- Recently, 165 rDMA scquencing analysis has been
appliied es an easy and rolighle ool for the dentifice-
fion and classification of bacterds (Furubsta et al,
20077 Ules of al, 2004 Wilkams ot =i, 2004
Tokajlan of 4, 2005, Siogh o &l, 20087, In the pro-
Cment study, wa sxamined the growih ability ai 370
aned hemalylic activity of Isolated HPG bacterls 1o de-
termine the virulence potential of APG bactars in fin-
ished and tap walor, Thon, we [dentified hemaoldic
HES bactoris by parlial 168 yDNA sequencing. We
also considerad the health efiscts of HPG basteris
lsiated from drinking water,

MATERIALS AND METHODS

Water Samples

Finlshed waler (28 samples} and tap waler (8
samples} from a small wator supply u%ﬁp in the
Tokyo metropolfan aros wore collecled from éh&lr
wgte ;:;ursfﬁcatgm %‘é %"’to zzzzszﬁ W&l,@% .smpiy ?rgf.@, r¢=«~

Luu I

3?? Tar

lgi:ahaa‘_, ,.z o §a§:ﬁ:‘;’atcsrg {%‘?s{}*lclm}, angd

Kaki, 2 g g wate; ﬁan‘é@fﬂ wWas sproad
oo RIN @gﬁr f’ ,Eii’m} Darmstadt, Gonmanyl.
Then, it was in numwd at 26°C, and colonles wers

countad afier 7 davs.

Wru!%m’:& potential BEEAY
”i ﬁa g? grgwf% ak zs%

W@é‘ g

'isf‘tu% Ti*«uy %‘? e mmﬁ&te& ama %{’}A ﬁgar
angin z’mn incubated at 3770 and 44.5°0. After 24
b i y at 37°C and 44 a‘@ s v

ated. bach & strain grown at 3/°C was thon nosulaied
into sheep blogd ager (Poa Media, Fiken Chemical,
vl # o fiwaw“%‘fi hemoiylic activily, Aller 24
?x@;ﬁa‘ in&;ut}ma}f x| 370, the type of hemolysis was
recorded as a:p«*m bets, or na@diwe

11

identification of hamolytic HPC bacterla

HPS bacterin Isolales exprensing slphs or beta
HemolySls wers idanfified by partial 188 rONA se-
muencing: Genomin DA wes exfracted by alkali dis-
solulion method sacording o Jiwa et al (1968).
tising the extracted DMA solution as the template for
FCR, the &' end pariial rogion of 185 (RNA gane
tamm 500 bpl was ampllied wilk MicreSey BGO

S rDNA& Bacleral idenlilication FOR Kit (Applisd

Emwa toms, Foster Clly, 08, usm. The PUR prod-
usts were purilied with Montzge POR Cenirifugsl
Filler Devices (Millinore, Badiod "ﬁui UsAz, The se-
guencing resction of the FCR pf@mma Was pef-
formad using MicroSeq 600 165 rDMA Dactorial
identification sequoencing Kit (Applicd gwwgkmm}
and the roaction products ware purilied with Dantr-
Sep Bpin Column &f"a;};’}ﬁ%{i Bioaystema). A model ﬁ.ﬂi
é’ii%} M 3130 Genatic Analyzer {(Applied Biosystems)
was used for sample electrophoresis and data. w%ia&
o, me obizined seguence. gata were comparsd
with reference data from NCBIEMBL/DDEY. The
glascst malching soquenses in NCBYEMBL/DDE
wiere idenilfied by using basic oal aligiment search
lool (BLAST).

RESULTS and DISCUSSION

HPC baz‘;ierca iy water 967%%;3@33

H?G %m,%y rid iagw %’kﬁ’é}ﬁ added locthe waler quality
J ma sines 2008, and the farge!
= v i Microbicloricsl
ar&té &ﬂ!@glm “ianﬁaﬁzj M&’thw@s for Examination of
Water investigative Commition of Japan Wator th;m'
Assaciation (2008) mr?&rmw the natiosal surey of
HPO heg if:‘t‘ﬁ;’j i drinking wates, In 1} 8 .nﬁ;msﬁf I rahiy
i:zf HPG ba oria posilive samples was 48% i tin-
b w%% ‘ B9 ciu/mi arnd 64% i lap water at

E?S baciaria detention and residuat
mmne mz’% ntfahaa of water samples are shown in
AOLE 1, HEG baa:tsm wore dotocted fmm 2hogt e
(80%) finishod wator sanples ranging ot 0 1o 180
clu/ml lavarage 27.8 clu/mb ard from all 9 lag was
samples sl 2 1o 42 ¢h'imd {average 141 cliw/ml),
The positive rates and e favel of MRC bacierds in
this study are slmaost seme as thoss in tha 2006 re-
port. HPC bacteria in drinking water in dapan there-
fore seems to be found at 10% 4o 107 ofudml,

FIG. 1 shows the distribution of the number of HEC
bacleria i finfshed and fap water, HPG bactera at
In & efu/mi wers most froquontly found in our study,

which  agrees  with  olher  reporied  rosults
(Minrchiological and Biologingl Standard Metmods for

Lwamingtion of Waler Investioative Commilizs ol
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TABLE 1. Dislribution of | IPC bavteria sclatod from finished and tap waler and he frae or combinad residual chinring come-
cnnfration of the water ssmples.

Typa ]‘\zg} of Prosgitive Hetrolrophic baciaris Hasidusl chioring wmerﬁsmmsi {mgx o
of sample. _ sample  count . Fee Cambined.
water  examined Mo, (%) sange. {average) 01 02 03 &4 05 G Sx f@
Finished wator 28 55 @Ry & — 180 (208 o & & 8 2 E !
Tam waler 8 g (my 2z - 42 {1u z 2 k- o 1 i g
oml 8/ a4 {9L9) G - w0 (3®) 2 10 8 A 4 @ 1
. Cavlh Fenwdvsis
m i %
2 O Fiidlsbied wmarb Ta 00Eant
s 2
?‘é{ 1 B Tap water —{ a1 |
a8 8 e mrgtive s 1 S0 |
5 8 e ,
g 40 o w{ < I ELE
i i
{! F H ;gi
S G e
& ,égf £
»»»»»» ol 3EC
HPG bat:mmt m:;gm -(g:%‘u,ﬁw} e Tt e
. . v Fit5. 2. Growlh sbility el 37 and 44.5°C and hemolylic achiv-
Fig. 1. Mumbear of HPOG bacterta in lintshed sad lap water ity of § ég‘;;; l;iﬂ HRC g«iwﬁna. ! ’ yie

Japan Water Works Mssociation, 2008; Forubata and 20083, Thorefore, the homelytic assay is a uscful ool
Fukayarms, 20063 to determine virvlent HPC bacieria.
Becauss all water samples in which HPG hacteria On the {}Eém pand, thermololeranl HPD hacteria

wers lsolated contained residual chiod rm %h% 3 G- that graw al 44, B were limited {12, *"%; andd hemo-
|ated HPC bacteria are thought 1o ki resistant io chlo- iytic isolates were only 3.3% of all izolates. | losake
m'm dx%ss‘ei‘:}c;tfon. il s sl gossied the 3] !l%, beciaria and faﬁam {f’ﬁ{ﬁi showed ﬂﬁdi HPC h«sﬂts&raa solatad

rease in biofilms on h .@;;rfa&es;‘ce;ﬁ"iﬁmg Wa- on g:é%qo?ﬁ}ph;e: media (R2A or PAEY) are more nu-

lt‘%‘ {‘it& {bution systems: because the pa*sstwa a@a of morous than those isol fated on ryptong- gigb@.&»e«
HPC. hacteris in tap water was higher than in fi yanst exfract sgar oven if the insubation temperature

waiar, o i Jow, 'Ffwmmrm HPE bacteria might be o difsrent
bacterial grougs Trom é;n?sic:}t}anﬁﬁﬁ& 38 in term% of
Virulence g@atantla! assay thair ﬁaama‘w%zﬁma a7l i miniien nudrient reguive-

il s imports nl te sludy the ralio af HPC bacterla  manis.
showing i miuate their affects
o é‘gaﬁ%ﬁz F ":3 2 leawc the Q*‘{%Wt?‘ ‘ability at 37 and ldentification of hemolylic HPC bacleria
44 5 (;- and the hemo iytic activity of Jsol ttnd HPC %n}%t;gmi o resulls from the 165 1DNA amumm
‘bacteria. B7 isclates of 120 m{*imam@' {}%,%Lilﬂ gmw ai gy aralysis and their hamolysis ype are. surmnrired
&e’ “G fi&;& mmgzs the rmg(:m! S HEC bas in TABLE 2, Hacently, ihe advances of DA sequanc-
prnfer éaﬁx?? ing technology have an fanced the identification of
meiena, and especially 168 rlMNA secusicing analy-
= has boan applied io the identification and classifi-
g migmﬁ of bacteria (Furuhats et al, 2007; Uliee et al,
1 iso a&ed H§*€Z bamum 2004 Willarme ot al, 2004, Toksjian et al, ;«Eﬁbi&:
ﬁgmm @z{;%z a gzrmmﬂw m;;ms'ler\% éw% am &3&3; ‘i“"‘ rﬁ%‘é& «rzalfenc‘ x:;,*zm, sig
v Dudour, 20083, In reaporied re- i
8 ésl‘ikf“{ vrs%fmcfx §2i“1l?§ziidf oyloioxic assay, Y
atlo of eylotoxie isokates was emreme@ by ﬂm‘} uaia s’esmdﬁ $‘z pub%cfz r:%‘aa&bd & /1B mzr-}éér‘ma, R
ds 0.2%, 0.8%, and 1% {Lye and Dufour, 1094 sEMA - soguencing analyels can be a useful tool for
?”qms:&% Lmﬂm and. ?‘aﬁmi% 1984, Lye and DUR)}.H. ideniificalion of bacloria fo tho species fsvel -

zzs at gmv" W
[wila mz’h;*

12
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We used the fv‘:i’m‘gfi‘%eq 500 kit {o amplify the first
500 by fragment hat is most variable rogion of the
188 rONA, but some is Qiatua fo, Mo2, Nog, Mog,
Mo.g, Mo, 12, Mo.2s, Mo32, No.33, and F‘%&dﬁ} oonid
not be identified fo the species feval. i"mf\ wwanGne, 5
of 3% lsolatos (oo Neus, Mod, Mo 18, 22, and

LSRR
N340 sould not be armedlilied, Furuhata eﬁa 207

rapiyted seversl strains had been given -2 spesios’

name whan using the MicroBeg 500 k& o idonliy vel
lowe pigmented bacteria isolated frorm drinking water,

We axperienced that some Legonels 1solates could
aot be ampdified by MicroSaey 5@(} R, Inoacddilion, the
norsent oently of 17 ol a les was wer than 975,
Stackebrandt and Gocbe! (1094) progossd thal 168
rDMA souences wilhy §&,,%z,ihan 87 % identity wers
most likely 0 belong 1o different specios. According

o mfs frypu %hesas, thi rosults of ontfled olaies
with loss than 97% identlly wers quastionable: There
are sy anidentied species among the PG bacte-
tig, s ese siaing may be new species. Alse, the
MicroSeq 00 primer-pair might not be matched with
these isolates showing a low percent identily. Though
the MicroSeqg H00 &it has thoze shurleomings, this kit
can porform 1658 DA sequencing analysis simply
a d mn::aaéy, in this way, this kit ia usetul in enalyzing
many sgmples such as in s feld survey. I some so-
§a%.a» eanaol amplitied or identified by the
WicroSeq BUO kE, then these isolatos minht be ampli-

ha

fied by using @mothtr umwwai gf{irzéu’ pair, or another

gene {e.g. Ispbs) or DA, gyrase B thal shows mora
ragid ovolution than 168 mxifx

I owr atudy, 2h¥* ohtaingd ssquence dalz were
comparad  with  the  reference r:é‘*ﬁa fs'*c%ri’%
MO EMELADDE, "Efw closest malchi

é}v i m:%
aquence
i BOE) com-
“)*amﬂf For pa%xun-
sgquences of kaown
g alsn& have bean %“C#C»:}Ml}ﬁ in
'_Méal.fﬁ}imi aﬂﬂ it is e&sy m ggm ﬁhb &@se ;E
matching EpECios SeOUENCEs :
baroriz, the dosest malohing m.r:;mﬂmpq %ff—* DT
sinsally unidentifia teria seguances. For exaim-
pla, st No3g arid Naﬂ most closely
matchad with ‘Uncultured alpha protethasteriuny’,
Furthermors, ety mﬁurﬁad sequoncos word idonti
fied at éhﬁ gxﬂnu@ u@; "-‘{s,& Ne% ?‘ai&.@; Mo, 10, K. 13,

%ﬂ %\?ig.ﬁfﬁ’ﬂéﬁb" DQBJ W z?: 2 %f;re&{ ;ﬁd

m omugh

WElE

.‘saf*m%sam 1 b?mafa Bas changsd

ag tha Df«jﬁ ﬁ?;«zuewmg w;%ivsie has prograsted,
some  sequences  and  species  registersd  in

NE&IX&WU&QW hawa not bmwhan;m vob That
why tho samge sequence i somelimes rec {}miﬁ a8

13

cifferent spocios, For example, the sequence of NoB
fsolale showsd ths cosest malching with Bzl
simdex and B macroides, Heyrman el al. {2005)
foningd that the strains identified &5 8 macroidize In gi-
farent collections donot tlong 1o the same spacies,

e suggesied that seme strains should be allocated

hus, the sequerics of Mo.B

io the species O simplax, T
fzoiin bad the closost matehing wilh heso wo «
Ghess In the same way, e seouence of 80,33 olle
had the dlosest malching  wilth  Mweohaoierinm
fortuitum: subsp. foduiten snd M poriuer. M
poroinum wes described in 1983 as a causative agent
of  submandindar  lymphedenitiz In swine
{Tsukamura, Nemolo and Yogl, 1983), Because of
a§mﬂai‘ssmﬁ§@%§s phenatypic and molecelar similarity

igeniily bebwoon M fortuifurm ATRC9404 and M.
,{J"}f{"h wiry, Wallace Jr. et gl (2004) suggested that
they belong fo ihe same specizs. They reported
1003 identity of the first 500 bp begihning at the &'
end belween M porcinum  and M fortultom,
Thoralore, it was o nutw@i resull Bl tho sequencs of
M3 isolale shiwed ths elosest maiching with lhess
twa speciss. To enhance the effectivenass of i85
rOMA sequencing analysis lo identify HPC bacteria,
many researchers should register the DINA sequence
data of crvironmontal bactoris,

Evaluation of the heslth effgcts of identified
hemolytic HPC baclerla

W idantified 34 isolates of Bemalyic HPG bacte-
rig. Ag far as we know, this i the first report on an
isolation and identification ¥rial of hamalytic HPC bac-
oria imm fﬁwmssﬁ and lap water in Japan. To evalu-
: & presenoe of HPG b sturi i drinking &wiﬁgf
m— st L%Eé"}f:éz‘?x‘ he hﬁ@im aflecis and ocnurrenos of

idantitied h?mm&yﬁ y HPG bacteriz,
The most  fra qgs@m% ¥ dound  genus was
J;,hwgm"w&@ {ofal 19 %ssiai&,. Sphyngomaonses

species oan act as @ugﬁ)ﬂriumqw gaéi IOGENS aﬁd have
caused moningitls, basteremis, septicemiz, peritari-
1‘5’-‘5 mard niensial i%fc}cimna in intensive carce units
CYabuuchi and Kosako, 2005),

The ascond most frequenitly Tound gsnug was
terd apacies ware

[al;

asa;})*fyf&mz:‘sm {& ixmagegﬁ frienil
. pasteur, 8. warened, 8 colinll, and' S hominiz,
which aro coage ;Eaﬁs-ne{gﬁtgvs staphylocoeai. M&}f
aro commonly found on human sk ; tan cause
b’:{‘iumm relatod o indwell] ling devices, cenisal
system shunt infections,  Infective
uringry ot infoctions,  and
{Husbner sned Goldmann, 18883,
The third most frequantly  Tound genus  was
Mycobactariuny (4 isolates). ldentified species were
M, forfufion subsps forfulium Tor M. porsinggy, M

A
@s‘sduphshﬁ BHE
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TABLE 2. ldeniification of hismolytic 1IFC bacteria,

laalnie Mo,

Tupe of hamobysis

WBE INA squeTne

CAohnssion No,

identity (94)
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1 B Unzullured Staphplecocous sp. EFRATEN a4
2 o Sphynmgomanas ursicals ABg24280 9
i ‘?ﬁfwﬁmmﬁs natatons !&Bé SA288 58
3 B Staphydoeocous pasteurt BAJTITETE 00
8. wamaon AY 186058 00
4 g Bacllvs vereis AN1ERES oy
5 o Mot armplified
& i Dacitus simplox. Fragias 96
B, magroides AFBUEEGY 4
? o Bt mropiified
a o Slaphidonoccus pastoud 95
Srapfiiecocors e 85
2 & Sptiyngomcnas sp. 83
14 £ Brovibseiorion sp. H J@Bﬁﬂ?sﬁ a6
{1 o SPIngomonas Xerophaga AYEIITIE Ga.
iz @ SEINgeMOIIE WEits ABOZ4zen oh
Sl OnCNRS nAlaIna ABGLAPEE ah
13 i Splyragomonas 8p. D340653 a8
14 & dycobactonun s APBOOTAS 88
5 & Antdlovorax defovit Ei}éz»% L3y 94
i o Pl amghfied ;
1 £ fdveobaciorium cosmaticum AY444720 ™
iR a Siaphyincoccis wehnd S[NGHE38 e
18 e SRatmenas i, AB0II04S 100
20 2 ;;zmmwmw Tutets AFsD13se e}
21 B Caelobacior sp CrAgaTog =3
29 M et
24 & : : ARgpdzey 57
9&‘#??{"@0’1‘?@&& nataions m!gwmﬁ a7
24 o umm OGS warmed 4 w0l
75 o Staghydnoocoys ol At “;m o
26 & “emém idriensis EF TR G5
2y (x j : LT 1184 kY
R i AYBADZA :
249 4 Al *"’Exgé‘é? 5%
30 o £ 187229 94
31 o AMESA216 R
By & & ; 3\8@”42%:} 88
.:«i?‘ffy:*gg T ARGEAR0E a5
ag & M}fm!ﬁrfﬂwm ,mmfm m AYOI68Y ug
W, Focsiam sUbsp, foriiu AY4LT0488 a8
34 i ;w‘}wr«s Wﬁufﬁ;g i WIGAR a8
35 a i ATATR254 25
h a@*f}%}f}mmﬁ chilansis EF203008 H5
36 a 7 Not ampified |
37 a Srdivrgporsianas xenoplEes. 94008 By
4 i Uneuliuréd alpha protecbastorium CFT02818 g0
A @ Unculiired alpha protpobacterium ] AFSABI03 G5

' Bynangm of Sislkionis melalidurans

i‘ﬁ&m“ﬁﬁ‘bﬁ‘f

M

MLCOGENIT,

b h{‘ﬂ $

&R isolated from footbath draing and aosink, aed from g

noniuboroulous myﬁgbameﬂa M. fortuitom cancase gramilomatous subdermal lesione (Cooksey ot al,

intractable r}uhrm;;ﬁ,gy {ng 20 ’*’%w;ang;ima 2t al,

well ag ’ K
osteomysiitis, : e
[Wallace Jr. et al, 20043, A4 &am&zﬁ‘@ﬁm has besn

2001), As

aﬁd

14

i'll'l"‘ ey !ﬂfm ;

20045, Mmzmxwmlﬁus mycobacteria have high chio-
islance ard are capable of biofilm Tormation,
20 they V::re fraquiantiy lsolatod worldwids from water
distribution systems (Primm, Lucero, and | alkinham
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i, 2004; Furuhats et al., 2007; Willlams et al, 2004
Tokajian ot al., 2005, September, Brozol, and Venter,
20043,

Three strains of Micrococous lufeus wete solstad,
Mierovovcus  species  were ragarded  as non-
pathoneric skin commensals, but M Juteus Bas boon
é’F‘;}(Bf*?fl as the cauvsative agest of intracranial ab-
sopsses, meningills, pnoumonda, and sepiic arthritis
in :rnmunaumpres wed or lmmunocompetent hosis
{Altuntas et al, 2004}, Micrococcus spoecios also.

have high chiorine resistanca. Mir, Morato, and Ribag
(1987} demonstrated that & Juteus was inactivated

only by 0,79 log after 60 minutes of 0.5 mg/l Tres
ehlodng roatment, \

Three slrals of Saciive specles were solatad: 8
cereus, B simplex,and B idiensis. 13 cersws is dis-
triboted in the environment in the soll and =i, and
known as a causative agent of food palsoning &
simplex 18 siso m;}&l”[w as & cavsative agant of food
poisoning {Ta«mr | al, 2005, B jdrensis Was jao-
fated from the blood of newbnrm chiid with sepsis Ko
ol al, 20083,

One izolated
{Synonim falstonis metalidurans),
porled a3 8 Cgﬁ{}‘“i&%%% gcn" of §}U|E‘T§0§‘d“'}" mgi%ef:ih?hﬁ
for oysatio f;%ms;g;, ;:3; %nmia L,{"m;‘_ :

Az a resull, 30 of 34 isolates fder fm hwcﬂ been
r@@amea by ag ﬂgms:zmz 1 tic et %f“!m’ﬁt‘ia or food @z}!m

mxmq mriﬂ A W& hink maf the xisie GG m% §§3

ziraln, ﬁyﬁw&wfamm metalidurans
has hasny o

ha %zm{"abw ﬁf r*P{?

?ﬁﬁ{;ie : inw w‘zﬁfgs {%

‘y tg form bgcm m, A&il?d“‘y‘s H&!&%&E
sﬂta U%}?ﬂ m;m tad that the number of HPE bants
rig i rsl fush of oy wator vmi k}w nac%z:iu E
concardralionis 10~ 100 tmoe
tor aftar belng run for 2.5 msms o In &
though the number of HPC ba {t?; it wa i.i-?ﬁi!&ﬁ?f 1w
alusm in gpmm;}ﬁa%hiy cOniY
ner ol HPG bat otedda § 3%3 ize w;_s‘zz{ afa m,_‘ :
ing tank somelimes oxceodod 100 cfu/m {"é
and Maki, 2004, To mf trol Qm, b f:s? i
portunistic HPG bacteria! o
b quuhiy wmml st diw v be zj: ;z;» ad :m:{iual
ehorine must be maintained o keen v osaly water
supply. The SW’%}E&G@?&&Q aof apporbmistic BPG Lm,ta-

tiais sHll une oo further studies should b
formed

;.:g
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Cam;mrﬁscm of DNA Sequencing Analysis with Phenotypie Test for
Tdentification of Heterotrophic Bacteria Iselated from Drinking Water
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Abstract

Heterotrophic broleria isolated from finished and tap water samples were examined for hemolysis activity to deter-
ming fheir vindenoe factors.  Eloven colonivs exprossing bemalysis  acf vity were Identified by partinl 165 fDNA -
quencing and phenotyple test using maiﬁg . All oloven strains were identified 5t the genus level and cight steains werg
identified at the spueies level by 168 (DA sequencing, On the ather hand, phenctyple test could identify only two
strains af the geaus favel and four strains at the specles lovel, Furthermere, thres of four stealns identified at the spesiss
lavel by plenatypic test might have been misidentified. Therefore, it was sxﬁggﬁstcé thet phenotypic test is inedeguate
identifying hetorotrophic buolerie in devking water, whereas 168 rUNA sequencing is a usefil identification tool for
them. “The eleven straing identificd have been reporiod fo be fond pmmmng bacierin or opporiunisile miﬁsgﬁm Stuee
these appmmmzia mﬁi&@gfms exist in heterotrophic becierda, Lotk appropriste water quality sontrol  and forthor sthudy
should be continued for safl fap water supply. '

Koy words: heterotrophic bavteria, drinking water, homolysis assuy, 165 1DNA ssquescing, @gp@mm}séic pathoges
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Fig. 1 Mumber of helerstophis besteria in finished aud fap waler,
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weter samples,
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_ Total 37 34 (8L9) p- IR0 {23.8) 2 W 8 & 3 12 1
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