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ABSTRACT

To clarify the pioneer group in the development of biofilms in high chlorine residual water, a semi-pilot model system
was operated and 16S rDNA V3 targeted PCR-DGGE was submitted. Biofilm formation occurred rapidly in the model
of a drinking water distribution system. It reached 10 CFU/em? or more on the surface of stainless steel, PVC, and gal-
vanized iron in chlorinated (1.0 mg/l) water within a week. Within a week, uncultured Proteobacteria- and Bacillales
group-like sequences were detected and Sphingomonas-like sequences were identified from all season and all pipe mate-
rials tested. Hence Sphingomonas species were regarded as the potential pioneer group in the development of biofilm
in drinking water and this results would be useful for the prevention of biofilm formation and safety of drinking tap

water.
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Fig. 1. Schematic diagram of the experimental model system.
Vessels were made of stainless steel. Target dose of
disinfectant was 1.0 mg/! chlorine residual and retention
time in disinfection vessel was 300 minutes. Flow rate
was 30 m//min.
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I A% Z(disinfectiom vessle)o1d FHFE LA 1.0
mg/l9] IEEolA SAIZE et Mesldoh §hEe 7
AL 25X75X 1 mm(B2 39.5cm?)°]RZ 30 ml/min
(0.05 dilution rate)2] F3lEEE 28 ZHTHFg. 1)
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gzhgll 100 mPll FEL YL 45kHPA 28 TA
# (Branson 3210 washing sonicator, USA), ¥%&, &
o W3S 7F 184 F 33] AAEk] e Alas
A AT QAR (10000X g, 20 min)et ¥
10m/ QAR (pH 7.0)S o83t MHL 33 4
Alsle] g mAES Bt HE5H AE
dolgle 20migl B8 07% NaClE 3A43igc).
5] sle] FEL ANH3UL DNA 35 H7R] 24
2 Yezo] BaSd. F59PAFL 0.05% (wi/
vol) sodium pyruvateE 7} R2A agar WiX|E o]
B3l 200ColA 157U Mkl Alsigne

3. DNA £&, ¥, PCR

DNA &< 9 MEZAIE bead beaterd S 24
T 5 AAHLG Fe B o]8F 33U freeze-thaw
H 18]3 phenol-chioroform O 2 DNAE F&3
Fof Sephadex G-50 ZHo = FASIHTEY

Perkin-Elmer model 2400 thermal cycler® 16S rDNA
9] V3 regions FE3I=H reverse-primers 534r
(5ATTACCGCGGCTGCTGGYE forward-primers= GC
clamp(5'CGCCCGCCGCGCGCGGCGGGCGGGGCG
GGGGCACGGGGGG)7F H2rE  ge338f(5ACTCCT
ACGGGAGGCAGCAGYE ©]&3dth. PCR X7
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Fell gl Ztz} 3¥19] PCR WH-& A713L AZ 4
o] PCRY 975 A3 5oL o1& A8
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Korean Journal of Environmental Health, Vol. 33(5)



430 o}

(w/v) polyacrylamide gel2 DGGEE 3 3it}).!D
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+ 338f-534r primer setZ FE3IU 3L ©]& T-vector
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%ol capillary-type automatic DNA  sequencer(ABI
PRISM 3100 Genetic Analyzer, Applied Biosystems,
California. )2 A& £433rh £4E 16S rDNA A
&S BLAST database(http://www.ncbi.nlm.nih.gov/)®l|
A v|astA
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Table 1. HPC concentrations of mixture (tap water + sand filtrate of raw water), disinfected influent, and biofilm in minimal R2A
medium.®® Numbers in parentheses represent mean values

May (Spring)

August (Summer) December (Winter)

45%x10%-45%x10°

Mixture (CFU/m{)

7.0x 10°-6.1 x 10* 6.8 x10'-12x10°

2.5 x 10°) 42 x 10% (6.2 10%)
. . N.D. - 2.0 x 10° N.D.-2.0x 10° ND. - 1.0x 10°
Disinfected influent (CFU/m/) (10 10°) (13 x 10°) 0.8 10°)
Stainless stecl 41x10'-12x10° 1.6 x 10°- 8.2 x 107 20x10°- 1.6 x 10
niess stee (7.8 x 107) (4.1 x 10%) 7.0x10%
Biofilm C 9.1x10'- 1.1 x 10° 26x 107- 1.0 x 10° 3.5 % 10°- 2.5 x 10*
(CFUfen?) (1.6 x 10%) (5.8 x 10°) (17 x 10"
Galvanized i 62 x10'-1.7 x 10* 14 x 10°-34 % 10° 1.8 x 10°- 7.0 x 10!
alvanized won (5.9 x 10°) (1.6 x 10°) (3.5 x 10"
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Fig. 2. Image of DGGE (35% to 70% denaturant) at spring (a). summer (b) and winter (c). Marked bands were sequenced. GI, PV
and SS mean palvanized iron, PVC and stainless steel. respectively.

2l band® HEFH ST PVCe 3UA] AlE2 7UA ok 1ol A3 bandse] GrMLo)
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¥ A3E JERNITE DNA band®] 97)1X9L B 2

7 ]}/'(Hoﬂ E *7

[E]

labelling®] =A]

Al FEo] X

16S rDNA A{go] opd
74]“%?& Al 27} W3k o ] wheh %
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FEBIATE. B A EA

AAEE A
I8 Fig. 29
%2 bande 338f-538r primer setol]
A} F7IME BT AR

oz e,

HE% 5a, b,

s}t

5S¢

| AEH 93% o]t %/\PH & ETHTable 2). band< ZVZ¢ Sphingomonas capsulatum(Accession #:
5T AgAlRY A BE A6 D16147),

DNA band&<

g AEE 2

ol BTt Gel el TY

unclultured bacterium clone(AB238055),
uncultured beta proteobacterium clone(AF353283)

Table 2. Sequence analyses of bands derived from the bacterial 16S tDNA V3 region on PCR-DGGE gels of biofilm samples from
drinking water containing 1.0 mg/! free chlorine

DGGE band Phylogenetic Most closely related Sequence length % GenBank
(Accession no.) group bacterial sequence (bp) similarity accession no.
oy AR e st 17 T
(DQ854bl3 46) Uncultured bacterium clone 196 97 AB238055
) Q854C1 347) Beta Uncultured beta proteobacterium clone 175 96 AF353283
(DQSTI 302) Uncultured bacterium clone 127 93 AY375102
(DQS%lbl345) Alpha ;ﬁﬁiiﬁ? \OwnainslI))écterium clone 174 o7 igigézgg
Doty Beiies bl o N
ooy A e sy bwa
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#2] DNASH AR XE-S BTt

o3& A Fol|4 ZZ4¥ 8a band= unclultured bacterium
clone(AY375102)4 93% F-AFSISI a-proteobacterium
FO6021(AF242809)2F 92%2] FAM3-& R4 a-proteo-
bacteriumeX} L 7FeAo]l 2 A= AZE
e}, 8b band= Sphingomonas sp.(AB242809)%} A}
MBS TR A en S SRR FES Al
& felel 16S rRNAEY 97%9] FAMS Bt
8a band®] 749~ 127 bpell X =] 4RI T chimera form
of ofd A& rdpIIA SRISATL blast A AZE
A&E Ado] AY375102 G71MEst gaplo] A
< BT}

A& A RNM = Anoxybacillus flavithermus(AY643748)
22 Bacillus sp(U46747)3 99%9] A& Hols
band(12a)%} Sphingomonas sp.(AF411072)$} 98%
AH3E BolE band(12b)7F HEHAT 714
Anoxybacullus sp7} Tx= UAHH TEEY A=
o= BREAHoZ Hr|go| Yrhs Bahel g3
H, & dFMe 2] FEES ooz u
F5E9] 37 AETANA 233t Anoxybacullus sp7t
PaiEdA Aopdol AET A BHsE Ao
2 A7 SRR 2 9] 12a band®] €714 <E
< 7L Anoxybacillus flaviterhmus™ ¥ opJ} &
71%4<] Bacillus sp. 2= FAF 7194w e
= 2 = YUY Sphingomonas sp.oF AR 12b
band®] 73-¢- 8a band$} o] Zo|r} it}

Ao o83 BE FAAENA A- AFdglol
Sphingomonas sp. 212 DNA band7} HZE 5 o]
Sphingomonas sp7t A& Ao 27| dAH B
ke At ZE2HUS 7€ WikEe s AET 4 ¢l
+ uncultured bacteria’} 2, & A5oA AEHUL
Agol= Bacillales?]] &3h= Aol AEE Zo] E9]
3t HolAtKTable 2). Sphingomonas & AHES H
& 75l 9o 3 AlEAM HEH S capsulamm
AE &l capsuled AAtst] Aol tigt Ui
vehd 75430 58 Aotk e A2 ¥
A e 5438 B Uyt P5Folghs Rue)
LOmgl AFFLEFESY TEEANM K7 Al &
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AstRthe Bl 273t RuPE B olyo] Hlu)
X A7 Al vRIE Sphingomonas & AdE
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Aol & Ao=E AZHEr

g o] Fhe o] 16°C ool ARAAETE

[s]
7} 03 mgl ©l3iQ] FEe] FEES 0188 DGGE

|

to rlo |

A2 E3)0] a-Proteobacteria®l &3 Sphingomonas
sp2t Rhodobacter gluconicum 8] uncultured beta
proteobacterium®] 168 rRNA 534 G714EE +5%
2 xE 195 oldEAd AlEeA AEsiNth 2 4
F-o} o] Bhe] wuel FEHE AA Sphingomonas
sp7t BB A 2719 HEE Holw A a9t
B-Proteobacteria’t A& F4z2710 A&} <]
SV AY 3FA O Z y-Proteobacteria® 4
319, M AR =l duglel E
BoMe RgdIBAINE AE 7T o-9
Proteobacteria’} A28 A2/ F23 J&E
gate Aow AWZAEM Sphingomonas sp7t 8%
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sequence 5o e ARI} FrIEHE FXEAA
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SRR oA Erg 9% 2EH R 88=

%+ 91 R,

==l
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Iv.2 B

FEEINN AET FAo] gAY Bdl= A
=3 ek 98 AFEA: FEE 1.0 mglE AYF
FEE iFTd BdAzHEE o]gdl] tad 2
ANE ATk

L Ak 15duk] FHo 10° CFUem’®] 555
ZEQlEZ, PVC, 183 okl AEEHATH

2. PCR-DGGE #4522 &, o4&, AL A5eA A
ol Wl unclutured proteobacteria®l Bacillales group
o] AFEF} 5415 16S RNA bandso] AEH ST

3. PCR-DGGE F40 2 AFol Aagle] BE A8
oA Sphingomonas < M= 16S 1RNASH FAKSH
G7IMge] AEH, o]go| FXEANN AET FA
o] Z7IA 2% 4EE T rFeol B2 A
2 UeBa &% SEE B8 okdAdg X3
By 2 A71237) 45 & Aoz Azddr).
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