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ABSTRACT

Objectives: The aim of this study was to identify and compare the properties associated with the biofilm-forming abilities of
bacteria isolated from water in dental unit waterlines (DUWLs). Methods: Twelve bacterial strains isolated from the output water
of DUWLs were cultured in 12-well plates containing polyurethane tubing and R2A medium. The amount of biofilm formed by
each strain was evaluated. Based on the amount of biofilm formed, three strains were selected, and the level of adhesion was
determined for each strain depending on the inoculation concentration and incubation time. In addition, adhesion inhibitors
were identified in the three strains, and their hydrophobicity and extracellular polymeric substances (EPS) formation were
compared. Results: Among the 12 strains, the highest levels of biofilm accumulation were seen in Cupriavidus pauculus HY12.
C. pauculus HY12 showed higher levels of adhesion at lower bacterial concentrations and shorter incubation times than other
strains. The adhesion of C. pauculus HY12 was inhibited by trypsin. Among the three isolates, hydrophobicity and EPS production
were the highest in Acidovorax delafieldii HY1. Conclusions: The results of this study provide a basis for understanding the
mechanism of DUWL biofilm formation and the development of methods to inhibit biofilm formation.
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Aol AFgFH= UE Aol Uolls 2 052 9Is) F2 2159 2o YHI. B A7eIM X2 FUE S Dental unit
watertines, DUWLs) U 0] -2 52| a4 22 =gk #elsich23). 2.9 €1 18 AZF 9] 22) 43, DUWLs U 89| o &
£(Laminar flow), && 945 12|11 DUWLs ¥l #lo] @85 Solm), o] 5 DUWLs vlo2850] 71 & 22102 5w ITH1 34l
DUWLS U 20114 ske eiije] S4oioplaol 22 A28, 718 Wy Al E8 425M tgE 29 B2 F240] 7t
SIcH5). DUWLs & U 842 00 $-2 vk k5ol ebat 2|3t 8732 A3517] Sleil vlol 85 2 A48k 342 eilsor
Bt o] SIS DUWLs Blol 2859] 34 7182 & olshsfor i,
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DUWLs Bo] 2385 3/ 2Hgollx] DUWLsell Al 242 71 5281 5 TAlo|the, 7]. 5, Alte] kg Agicts }OIE”J 5934
T3 QA8 4= 9loiA] DUWLs Woll Al 22t ojAet #ads A7t 4-a8=] 1 >

2+g-0 2 ofum o] Fakao] AT} At Flof ZR-gohe thfdt QA ST B 2, A4/g 5ol Bet lﬁﬁé O%Hoﬁ e oPE}
[7,9,10]. 531, 443 (Hydrophobicity) Alet F2 2ol 8 9102 Aafx] QIeH9]. 7ol WAE= 5 uYES tfdor 113
H Aollx] £47g0] 24 2]oke] FE]utnt P& A Alato] o 2 Hakehs Aoz BRITHI0 1]
FHo|| F2F 2 AR Al Az ejrhd-F(Extracellular polysaccharide, EPS)E A§4te}7] Al2kgtet. EPS= Hlo] @8 52] 4] 7182
50-90%% 22|51 Blo| W E W 2 7] (Matrix) A2 o AZITH6,12]. =3t EPSE 44 A% 722 T2 55 e 4 Qloji 1=

3tE]o] QltHe]. +2He EPSE X2 R E] Hio| QT ES B osln] n| Yo Yo Lk ofz] 42 skl JlojA Ul*§%° '%*%P
& FI3THI2L. 5, EPS= Hio| 8 50] /g4ol 5238 EHe shal EPSe] it g 27HARI Al 2312 7hesl shn Hiol e b g &=
g o £ ghcHel.

5 Ho] @8 F2ko] B/} /g 4ol Tolslal EPSE thg Aiksls w5 mfofoh= Zio] Fasith shA T #A|7k2] DUWLs 24 %=
3 k2] vPRol] w5t AAtol JFE 3L, DUWLselA 22 Alet2] Hio] @85 3 d 7} i E/dol] et At o] Fo]7|7] gttt

& Aol xl= DUWLs EollA] £2jgh #5-52] vho| @ d 5 /g1t £/d& EI5k= Zlott. ol flal] #e] #552] £4 Hlo| e HE &
/3 58, 243, EPS 342 #]Istal B wsiala) ght.
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DUWLsZHE] HiZ e = Bl #5-5 £2jste] 1239 2] #55 thdoz thefet AmAllof tigh /g2 Ehelh o] A5 alst
of o] AolA = DUWLSZRE] EeJsto] -70TCol|A B F2l 2] 75 1258 ARE3IIH13]<Table 1>. R2A (Reasoner’s 2A agar) T4
Bl 2] (Becton, Dickinson and Company, Sparks, USA)ellA] 7 52t 26TCol| A vt & R2AHA[HHA] (Becton, Dickinson and Company)
of thE o] ATHI4]. R2A HAufR|of| A v 7 Al Aol ARSI

Table 1. Isolates used to determine the amount of biofilm formation in this study

Isolates GenBank Species match [GenBank accession number] Homology (%)
HY1 MG763899 Acidovorax delafieldii strain PCWCS4 [GQ284437] 100
HY10 MG763900 Brevundimonas subvibrioides ATCC15264 [CP002102] 99
HY12 MG763901 Cupriavidus pauculus strain KPS201 [AM418462] 100
HY14 MG763902 Methylobacterium aquaticum strain GP22 [AJ785571] 100
HY21 MG763903 Microbacterium testaceum strain 38A [KC329834] 100
HY25 MG763904 Novosphingobium fuchskuhlense strain FNE08-7T [KX427098] 100
HY36 MG763905 Pelomonas puraquae strain h18 [KP196829] 99
HY40 MG763906 Polaromonas aquatic strain CCUG39797 [AM039831] 100
HY47 MG763907 Sediminibacterium salmoneum strain SCMC105 [KF358456] 99
HY49 MG763908 Sphingobium xenophagum strain D5AP82 [JF459960] 100
HY54 MG763909 Sphingomonas echinoides strain $32312 [AB649019] 99
HY70 MG763910 Sphingopyxis panaciterrae strain Gsoill64 [AB245354] 100

2)Hlo| W& 4

Hpo] I & /g2 7|20l BalH =79] WP HEsto] AdsitH15]. R2A A Hij=jof| A BiYFE #55 0.5 McFarland standard
(I1X10° CFU/mL)9t 553t Sefeio 2 245}7] 9fall R2A A Hijz|of] HElSH3ITE. DUWLSE A== E2]-a|gh F7) (Polyurethane
tubing, 2 mm internal diameter; Nitta Moore Corp., Gumi, South Korea)& 7}2 1 cm 12|31 A2 2 gho 2 Za} Hislo] FH|5Hct
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TF5 "ok Z2]¢eet 51 27to] E0i9l= 12-well plates (SPL, Seoul, South Korea)oilA Bist3Att. 12-well plateoi] R2A Y| HYA]
1.8 mL & ZF #5220 JEfl 0.2 mLS 718kl 26 CoflA] 7Y 529k w7 | (Shaker, Daihan Scientific Corp., Seoul, Korea) ol 85}
Ak v & 7+ FR2HE A vio| = 5o] oS gl W v|waiirt. A2 28 HRESIe]T)

P Eo)eelEt 71 2742 12-well platecllA] 22]stR 1L 7R Q] H-S A|Q]gh 18 70% olghE = Follth. 13 =
Al-& AAsE| 915 Phosphate buffered saline (PBS, pH 7.4) -&<4ol] 2 Al4stoict. 1 & S| F5 22k iH
-3t periodontal probeZ o141 0.09 mm -f2] H]=(Sigmund Lindner, Warmensteinach, Germany)S 23t5k= PBS 1 mLej] &
He S F Eofeed 7 27 A5 % 37 PBS I mLoll 91 2FRAIZIT Hio| @ B Y Al 223t -84 10842 5] A]
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o] @ W& P/ A Aol|A] =2 vlo| @8 E P4 535 BoE 75 23(C. pauculus HY12, A. delafieldii HYD) ¥} -2 522 Ko

D AT sl ue 1 54
HET e F2o| Lol nf2 Fo] Balg A< 9ls] R2A oA s ]ofl A A 2 732 0.5X 107, 0.5X 105, 0.5X 107 182 0.5X10°

CFU/mLZ 5]A5to] Fr]a}itt. 24-well Zbe Yl e S 2 Fo] AEAS 3 mlA ket
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B2 ojA]] A =2 vo| o2 P4 58S HoIZ (. pauculus HY129} A. delafieldii HY1014 2151k, Habao] S
7] 91, B (Sugar) B SRR G4 E-AT A 7} A& Ea) e FY Bl £2AT] & Kol AEl= H g FRISII
g 2]2lE 9J5l Lactose (Sigma chemicals Co., St. Louis, MO, USA), Glucose (Sigma chemicals Co., St. Louis, MO, USA), Mannose
(Sigma chemicals Co., St. Louis, MO, USA), Sucrose (Sigma chemicals Co., St. Louis, MO, USA)E ZF 5%=7} 33 mg/mL °] HEZE =
7gotod AL8SHITHIG]. 24-well platec]] Hatdt 2| 92let 75 22, F 22131 0.5X10° cells/mLE 243 #50] FEtele Y 1At 5
OF BAAZ] & Baaks- 2ol dl v waleich ERAl A2 9Jl, 0.5X108 cells/mLE 2H #52] FEFlof] 0.5 ug/mLa} 10 ug/mLe] E
2 Al(Sigma chemicals Co., St. Louis, MO, USA)-2 931 302 52t 2]2J514tH17]. 24-well plateol] Boat 22|t £1) 2217t EZAI
O 2 X2jgh 7} w2o] Al S Y IAH SR A & Bk Shol 9l v wolgic A2 28 HHESHIC

A x
3. A44 £

248 574 n-hexadecanec]] Alto] F2HE 4 U= 585 SHTOZH ZAsIRITHIS]. R2A Aol A] AJ7HAIZ] At Bl g2
0D, 141 1.0(1X10° cells/mL) 2.2 Z75k{th. 2mLe] Al #EFH(1 X 10° cells/mL)& 2] FE (13 mm)el] -2 400 uL.2] n-hexadecane
(Sigma chemicals Co., St. Louis, MO, USA)E 7okl sit7]ol|A] 1.2 &<t A"stA| EAIZITE 171 thg, A2ollA 158 59 x|gh &
352 dojufo] Optical Density (OD)., ollA SE=5 S7d53ith. 24/ (HP)2 thaat 22 342 ol-&slo] ALtsIgich

|\

https://doi.org/10.13065/jksdh.2025.25.1.3



28 - J Korean Soc Dent Hyg 2025;25(1):25-35

%HP = [OD(initial)-OD(expt)] X 100/ OD(initial)

47|41 OD(expt}= n-hexadecaneS 7Fstal 158 ¥2]et & Z43H 0D ghs TSt A4S 31 =590k

4.EPS 22| % ¥

R2A HAufA]of] 8RRt ZF Al 350 pLE 10,000 x gollA] 587 AA EalstirH19]. ¥4 2] & 48/ Mlelchd=(Soluble
extracellular polysaccharides, SEPS)E E&5h= Ad5HS M2 FHo| Bttt A Q1= pelletel] 1 M NaOH (Sigma chemicals Co.,
St. Louis, MO, USA) 350 uLE 715 ok & & AR EsIeith AAlEe] & v4-8d A Zo|thd-=(Insoluble EPS, IEPS)S Z3t5}
= A4ZNS 2 FHoj mtth EAR = pelletoll 1 M NaOH 350 pl.2 3715k k72 & 5 100°CollA 158 59 A]2]5iicH20].

1 5 AR M2tk (intracellular polysaccharide, IPS)E E3loh= A5HE M2 FHol =otth

SEPS, TEPS ¥ IPSE Esh= 7+ FHof| 38 F1]2] 100% ice cold ethanol (Daejung chemicals & metals, Stheung, Korea)S *] 2|5t
T EPS A QlaiA -20°CollAl 3027F FAISHATH21]. 13 % 10,000 x gollA] 587 U] Rejste] AdEle #e| 11 pelletS AUt o] F
A 250131 pelletel] 70% ethanol = All22F £ 10,000 x goilA] THA] 4] 2l e o] a7g2- 28 REEsIQIT. 2|54 02 /4 pellet
2350 uL 1M NaOHol| A& A7, o] ZA| Aoj 7 sampled Phenol-sulfuric acid methodZ $3l| EPSY-2 24513 CH22]. A3 2
HHESIAT

5. XI22AM

A2 2442 [BM SPSS Program (ver. 28.0; IBM Corp., Armonk, NY, USA)S 53l Al it A% 2] E2(F 1_‘3—'.4?‘:_!—3—3 as) ke
2 =5 vlwsty] fls 1ejal 2] 5 7 44/ S vlwstr] 915l Kruskal-Wallis tests AlR¥6H oM, AR A
ASFITE Fola2 0.05 ol AR o2 HSsiilth
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7} Ba| 30| vo| W2 FAake <Fig. 1> 2t} C. pauculus HY127} 714 e Hlo| @ WE FAJ2FS HojF9ly I theaoZ P,
aquatica HY40%} A. delafieldii HY —(_F—_i okom M. aquaticum HY14%} S. xenophagum HY49 <=0 &2 7P A2 S48 gS Hol39]
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Biofilm accumulation (CFU/mL)

6,830 3,180 2,850 1,920 1,135

Fig. 1. Biofilm accumulation of each isolate formed in polyurethane tubes over 7 days. Black bars represent the mean of the
CFU/mL the duplicate polyurethane tubes. Standard deviations are indicated by vertical lines.
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1) 4% 550 Be 2kl

Vg #5E 0.5%10° CFU/MLZ HE319S o, B247Fe ¢IItkFig. 2a>. 0.5X10° CFU/mL 2 HE3192 742, C. pauculus HY122] £
22 50 CFU/MLRIAL, A. delafieldii HY12} S. xenophagum HY492] B2t QIgitt. 0.5X10° CFU/mML 2 % Al, C. pauculus HY12
(290,667+82,637 CFU/mL)®t A. delafieldii HY1 (69,8004-43,774 CFU/mL)2] F232 S. xenophagum HY49 (14,997 CFU/ml=+4,056
CFU/mL)2] -kl vl oF 198 12|11 48l of Eoket,

2) vl A7l wh2 RaF vl

C. pauculus HY122} A. delafieldii HY19] #2152 v} A|7to] S7tgtel whet BateFe Z715131aL, S. xenophagum HY492] F-2=
2427k sttt 1 o] -0 Hij o AfZtoll M= FAtRFo] Zhastith<Fig. 2b>. 2E HiF AlRtllA C. pauculus HY1229} A. delafi e]du
HY12] 22l&Fo] S. xenophagum HY492] F-2leFH o} Tty

(a)
'g 4.0 A
=

35 +
[]
o 10 -8 Cupriavidus
o —E' < pauculus HY12
g = 25 -
2w —tr— Acidovorax
S 9 2.0 A a
o - delafieldii HYT
B 2 15 4
g X 10 4 == Sphingobium
o xenophagum HY49
£ 05 A
=
z +——a— s

0.005 0.5 50 5000
Input Bacteria (x10° cells/mL)

(b)

2.5 1
2
=
[=] 2 4 L.
[ . —8— Cupriavidis
& = pauculus HY12
5 "E 1.5 o
£ > ' .
Q= = Acidovorax
m Y ; delafieldii HYT
= h
=) (=)
. : == Sphingobium
g ~ 0.5 1 xenophagum HY49
£
=

0 -
0051 2 4 6
Time (hour)

Fig. 2. Binding of isolated strains in polyurethane tubes according to the (a) inoculated concentration and (b) time. Black
points represent the mean of the CFU/mL for the duplicate polyurethane tubes. Standard deviations are indicated by
vertical lines.
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3) Baba A7 ol

C. pauculu HY122] 7%, goil &Jal] £-&}o] || x| E9kar, EfAlel| oJ5)| Hlo] A= ict. £3], 0.5 pg/ml EF Al 2|H #52]
H2L5-2 47 4% 2 7P ROk THFig. 3>. 0.5 ug/mL ERA A7t & 2253} F 37 & B4 Alololl= BAZ 0 & Folgh ato] 7 LRyttt
(p<0.05).

A. delafieldii HY12] 7%, glucose@} 10 pg/mL EZAI-S #|J3+ 2.5 A7 (Inhibitor)o]l 2J3}] £2}o] 2}A=]ich. Mannose 7} &, &
52 5.8%2 71 WoktkFig. 3> Mannose H7}F & H2-&3} glucose®t 10 pg/mL EHAl 37} & &5 Atoofl= 712 EA|H 0 2 3o

gt 2po)7} gt th(p<0.05, p<0.01).

*
100.0 - r
80.0 A
60.0 -
40.0 A
20.0 -

% Adhesion

Sucrose

Sucrose

Mannose

10 um/ml trypsin
0.5 uymy/ml trypsin
10 um/ml trypsin
0.5 pm/ml trypsin

Cupriavidus pauculus HY12 Acidovorax delafieldii HY'1

Fig. 3. Effect of various treatment of isolated strains on binding to polyurethane tubes. Black bars represent the mean for %
adhesion from CFU/mL for the duplicate polyurethane tubes. Standard deviations are indicated by vertical lines. *p<0.05

A
3. 244

C. pauculus HY122} A. delafieldii HY19] £4~d-2 S. xenophagum HY492] A4~ BT} =QtTh<Fig. 4>, 352] #5 5 /M =2 4%
& 7 #F= A. delafieldii HY1Ith. A. delafieldii HY12} S. xenophagum HY492] A4/d-2 A2 0 2 -§-0J5t 2o 7 Q1A tH(p<0.01).

*
35.0 1
30.0 1
25.0
20.0 1 I

10.0 4

% Hydrophobicity
o
o

5.0 1

0.0
Cupriavidus Acidovorax Sphingobium
pauculus HY12 delafieldii HYT xenophagum HY49

Fig. 4. Hydrophobicity of isolated strains. Black bars represent the mean of three experiments. Standard deviations are
indicated by vertical lines. *p<0.05
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4. MIZe|ctew

3%9] 52 SEPS, IEPS 18] 11 IPSS] Y& <Fig. 5>0ll eplth. 35-9] 2] w5 5 7P -2 SEPSE A4kt #+= A. delafieldii HY1
(144 pg/mL+6 pg/ml)elRJaL, C. pauculus HY12 (89 pg/mL+19 pg/mL)2} S. xenophagum HY49 (86 pg/mL+24 pg/ml) o] AJrkst
SEPS?] -2 KIS th<Fig. 5a>. TEPSe} IPSIE 0R7FA| 2 A. delafieldii HY1 7} 7Hg o] 2§ AksHIth<Fig, 5h,c>.

(a) SEPS (b) IEPS
160 4 30 4
140 A 25
120 A
= 100 - o %
%‘. 80 A % 15 4
X 60 4 =4
10 A
40 4
20 51
Cupriavidt Acid. Sphingobit Cupriavidus Acidovorax Sphingobium
pauculus HY12 felafieldii HY1 Ph HY49 pauculus HY12 lelafieldii HY1 phag HY49
(c) IPS
20
15
-
E 10
[=1]
=9
5

o . Sohinaobi
Cupr Ac ”

pauculus HY12 elafieldii HYT ph HY49

'g

Fig. 5. Average amount of soluble (SEPS) and insoluble (IEPS) extracellular and intracellular (IPS) polysaccharides of each
isolate. Black bars represent the mean of the pg/mL for the duplicate polyurethane tubes. Standard deviations are indicated
by vertical lines.

X3l O
& 9 et

o] 7= DUWLs2 R 22j5t 775 td 02 Hio| B 5 /ol FFFE A= 532 ERlst7] flol AlQ=|ic). Hlo] e W52 &
I AlES] F2) Al 734, Al ejohdRe] A 2 J—W = 7|1 X|HA] AdsEiTHe]. Hio| 28 50] g% BAE = 323 T2 Sl Al
3l Bl Th T Alte] /g2 AAllshiA vlol @ go] ug Al 4= Utk

=70] || thh Algto] F212 Hio| B F /g Bl A% TAlIM 71 A DAl sligsh F-2.5H D7otH6, 7). Simoes S{712 58
oA 2|2t #2] Polystyrene FHO] theh #2H 530] 2245 HIO|REE % "o* 58 3 w2 25 FRlsIgith ofof £-2]9] &t
A= tiEA Q] DUWLse] A&l Z2)--2leo] thgh DUWLs2 R € £2]3t 12F20] #52] Hio| 285 J4 538= H]j’_o}_l_}(}- S3ich ¢
2|2 o] Atof Al DUWLsO] 4 Zili AHEE= SFekEAo] it 2] #520] S ERlolr] Sl DUWLsolA v EE = 225 E 12
%(Genus), 31E(Species)?] #E 2oL, SER 1354 HEslo] 12F9] #35 td oz AFS +36itHI3]. o Oq:rL"iWE &2
12%0] #5E5 oz AYS 43 0’5P°:‘EP A% 2edF 123 Cupnavzdus pauculus HY127} 71 =2 Hlo| e HE A 52 B
053131, Polaromonas aquatic HY40, 1] 21 Acidovorax delafieldii HY1 <=4 2 vio] @ W2 g4 52| =tk &=3h C. pauculus HY12
O] A9 2 w2 EAAU A2 Bl ARl N = thE w50l sl R =3t Wolth Alite] Ratoll= Aa/d T3 IS iRl
Aoz d#A QlojA, Hio|eEE P 58S EUE IR 735 Aol 44498 RISINTHI]. 1 23}, A delafieldii HY1 2} C.
pauculus HY129] A4go0] 22} 3 27.7%, 24.3%2 AR M, Hio| @ W2 A 52 o] Wk Sphingobium xenophagum HY492]

‘[F
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4/dol| Bl Eoket Alto] T Al = B 0] B0 22}5to] Hio| @ 8 55 /Adohe o] Hakhet &
-5 SHHI0] PR IR 2 2] w522] Hio] 8 & P4 5ol A4Ado] FFFE RS 4= T
Han S{16]-& 77 A3z A|2Zo]l thg}t Fusobacterium nucleatum®)] 52+ 422 gelsl7] 9lsf izt go 2 A2
lekirt. 1 A7t galactose F--Foll Sl 3] F-2to] AA|=] 917 wiizell galactose 2% %:'—ZH\J | B 2ol ol 7l 0 2 Abeted
t}. o] Atollx & Zaj et mrio| T"HC’P w2 wo] 22 A 2elstr] flol et e 2goto] E-A A2 & 22 oA A= g H
151t} C. pauculus HY129] 79 EAl0]| oJsf) Hato] A=l o v 2 C. pauculus HY12—°4 Eo|fo|stol oigt Fahe Tl Bk
oF 58A4 Ato] /T Aol o]a mi7fEl = A o= Helrk
Alete] Fatolli= Ad/g iRt ofuet Algto] AgAtel] Ul AZ2QlThdR(EPS) = 9= & 4 U= A2 deA] QUeH7,10]. o]2{st o] f-2
A4S ERIS IR Be|dtFE t O 2 EPSO] & ERIsIITt. 74 Al ol sFdQl S. mutans?h 84kl e THER-E & 484
AL Q] Thd-R(SEPS)= H}Olﬂ‘g% W gl 2o F938h Aghg sk 210 & e Qlom, H|4-8/d M| ZelThd-R(IEPS)= o] Fatat
Heholl 2HAQ Aghs ok Ao g defx QUoH23]. 123l MEEUCHER(IPS)= A BAkS: 915t S8 Tl o e ez JIcH23]. 4+
DUWLs 228|352 thA}o 2 EPS] 257 AArEre 80151913 ull, A. delafieldii HY17} 7174 AAtafo] okt Bkl vlo] @ L2 g Afoj|
FFe T Mt 592 DUWLs Bejat5-5 tVdo 2 Rlsto] 11 Axol| ol Fe2 02 B, A. delafieldii HY17} TRo]| tigh £z
7} DUWLs H}o] 8 & FAol| F23t TS T 4= 1S 2 O & Alg T EPSE Ho| @8 50] AAol| e Aejs]= 752 B4 0= o A%
tH24]. Azeredo®} Oliveira[24]+= -2 0] EPSE AJatst 4527} @ /d gt vio] @ W 50] A2 k] EPSE AJAkst #57 P F/dgtutol o5 R
o} Al7517] of2] 21 o= EPSe]l &J5f] Hio] 28 F W Adto] o =ob7| whizoletal A|Qksigitt. 12 Hio] 250 P g7t Al A =
Hho| @ W55 ok Alt2] EPS AAh2 FQ6ithal g 4= Sl Hio] @ A& /S AAloh= a-82%1 Wkl 71 ‘Oﬂ AoiA] YR At
S Hlo| W ES XS Al F EPS A 520] =8 #30] EPS A 58S ZHAA] 7= B2 0] B8 Abskal QIeh23,25,26]. 717
o] 50] P4 Aok MZ2 ] 7Hdhg 9l At 5 =& EPS 84t 588 71 S. mutans7} AJ4tehe EPSE tld0 2 A2
E4o] gHlo| o= E 528 ERIeHITH23,25]. o]eh -2 ALollA 23, DUWLs Blo| @ H& P& AAlet7| $i5t =2 Wi o &2 EPS)
RS A7 e B o] 82 4 glom, tiido] Bl EPSZE o] It Aol 2 EPS A 53 & 71 A. delafieldii HY17} A§4kst
+ EPS7HE 4= Slth. fAlsHA| EHol| tigh Allt2] 22 AAolHA] Hlo] -5 /8 ool W] 7ido] o] Foi =] a1 JITH8]. o] &
TLof| A BFs{ A mHof| Tt B2} 58o] w2 0 2 AFREE= C. pauculus HY129F A. delafieldii HY12] F2+-& G820 2 A5 4~ Q=
E72 DUWLs Hio| 285 /32 2Aleh7|9la) 82 4= 3l& Zo|ct.
C. pauculus = A o] 2|5t AlollAl #EZ, HdF, &
o] Allt2] T-lol thalA] BHEA| 2] AT, YoM = o &
A
2

= A Aot T o dE =& I3k _u_X]' 74 w5t ofHfel 4= 912 Ao|ck

2| High-throughput DNA sequencing 71&-S AH3-3! 01] UWLs W & 63-39 —”'\—(Genus)i’l oHFRt Allto] EAlishe 2 ERlskitt
(28,29]. 92|} 5= DUWLsIA #2]¥ 1259] #5+5 tldez A5 Witk ZlollA AghS 7HIt: 5k 9-2]9] AtoflA 22
ol Hio] A & A TS AR = 222 32 5ol 2l 3 “’\]5"_] Hpo| 2 50| Felet FAIE Tl &RIekA] 23

R B2 PHRIcHI5 30 Theb, olaleh EAAS Beisle] o e Relis thyoR ko vo|2 g WS BRI 38 Aol
B3} ) St vl ashe A7E KYT Best ol

1231 Afe) Bjoll At Hlelckd fiek Sl Al o) 113, A1 (Pil)ol T (Flagellajo 22 Al Eio] 7% 5 Tyt 2
Q10| kS Z 4= UTH7,10]. 5ol Fel7Fol chet 0|2t 22 So| chshAlE 27k 2Akg Be st glck.
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Z2E
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S HolFa, kS0 2 P, aquatica HY402} A. delafieldii HY1 <=2 Hjo| @ &= g Adgfo] Wokth 123 M. aquaticum HY14 9} S.
xenophagum HY49 <20 2 7174 22 Hio| e W2 A2k HojZ]c}.

2. S. xenophagum HY49 il H]3} C. pauculus HY129} A. delafieldii HY17} -2 &= 12|30 22 vl Aol A = Za]-af|gho] chgh
F27o] @A, C. pauculus HY12= EB Al ofs £2to] AA|=|3] 0H, A. delafieldii HY1+= Mannose®]] &Jsl| F2to] 717 Fo| 2J7]|=]
etk

3. &3 A. delafieldii HY19X 7P =9Fo ™) EPS AAtFE A. delafieldii HY191A] 7 gkt

ufha], ERo] tigh B2} 5l vlo] @ T-E /ol A. delafieldii HY19} C. pauculus HY127} 835 A& & 7hs/do] Qlom, & 1+9]
A1H= DUWLs Hio] 28 52] /g 7135 ofslistal, &/de AAlloh= WRie] 72 918t 71 % 2185 Al 53ttt
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