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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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Z|2ol|A] AFgShe FUE Aol Woll= & o2 9ls F2 2152 4o QItHl]. B2 Aolx 2|2Hg FUE 4 Dental unit
waterlines, DUWLs) W 20] 2 42| 0]YE2 2 F=|rkar SRIFTH2,3]. 2 Q12 M & AlZF 9] Eo] 4|, DUWLs W Z2] Bt &
S(Laminar flow), -2 HAE 12|31 DUWLs WH Hio] @€ FolH, o] F DUWLs Ho|e=go] 7Pg 2 8]l & B QIrH1,34].
DUWLs U] EoflA] -2 BeiAe] &G FAlto] F2 HETAIT 718] YA Mlet =3t AEEA s o9 #e] $240| Z71ska
ATH5). DUWLs & W t|g 8 2 58 W] SFSolA| Qbdh X2t 3-8 Alast7] HlaliAle vio] e HE2-8 A At B3-S AsHof
St} o] 2 $lsiAlE DUWLs Ho| @ " 5.0] g4 71408 & o alfsiof ghet.
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DUWLSs Hto] 385 &4 2Hgol|A] DUWLsol| Al 22 7Hd 523 A gAlolth6,7]. &, Alete] Fahe AAgichd }Oliﬂl &2 34
E5F IS 4 RloA] DUWLs Wl Al 22t oAt Bid A7t =] 2
g0 g dojun] o] Fatio] JAut At Fatol] AH-gohs thfRt QIS M B 1R, A4/g 5)oll Tt lﬁﬁé iy HoH Ze oPE}
[7,9,10]. 531, 24~4(Hydrophobicity) Alet 2} 5ol 8 99102 e QItHI|. ol WaE = I nES tiide s 113y
H Aol A4Ado] w245 X|ote] 5 a9t FS 4] Aol o 2 #&eh= 2102 HRTHIo 11
FHo|| F2F 2 AR Al Az ejrhg-F(Extracellular polysaccharide, EPS)E A§4te}7] Al2kgtet. EPS= Hlo] @8 52] 4] 7182
50-90%% 22|51 Hio] e W& 1 2 7] (Matrix) S22 oJARTH6,12]. T3 FPSE 424 At 722 Be 28 9Ae 4 QlojA 1=

sio] UcHo. 345 ERSE: 2SR Mol 2 B8 S Masja o 48e) 2ol Bt ofe] SUE HAAD Sl o) 92 Y
2 12l 2, BPS o] mge) 4o £ olES 5} EPSe] ko ® 249l Ml 24 k55l oo ujol ew el =

A B T2 3ol

EESH Hlo| B & R o] £/4at /g %ol Holstal EPSE T AtSh= w5 mfofsh Zlo] Tasitt. SR FAEA] DUWLs 255
5 2] Hpol] 3k eitol S H AL, DUWLslA 22 Allte] ol @85 &/} il S/doll et A o] R0l 4] 3iTh

& ol DUWLs EollA 223t 2552 ulo] 85 B/ S48 HRlshe Zloltt. 0|5 fJel) 28] #5520 24, ulo] e 25 3
’d &8, 2479, EPS AJAteke #Qlstal vl wstaiz) gtk

1) 22 35 2 e

DUWLsZHE] HiZ e = Bl #5-5 £2lste] 1239 28] #55 tdoz thefet AmAllof tgh /g2 Eelh o] 5 alst
of o] AolA = DUWLSZRE] EeJslo] -70TCol|A B F2l 2] 75 1258 ARE3IItH13]<Table 1>. R2A (Reasoner’s 2A agar) T4
Bl 2] (Becton, Dickinson and Company, Sparks, USA)ell4] 7% 52t 26TCol| A viFet & R2AHA[HHA] (Becton, Dickinson and Company)
of thE o] ATH14]. R2A HAufR|of| A iRt 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 S32312 [AB649019] 99
HY70 MG763910 Sphingopyxis panaciterrae strain Gsoill64 [AB245354] 100

2)Hlo| W& 4

Hpo] I & /g2 7|20l ol =79] HPe Hsto] AdsitH15]. R2A A Hijzjof| A i #5+5 0.5 McFarland standard
(I1X10° CFU/mL)%t 553t Sefelo 2 245}7] 9falf R2A A Hijzof] HElSH3ITE. DUWLSE A== E2]-a|g F7) (Polyurethane
tubing, 2 mm internal diameter; Nitta Moore Corp., Gumi, South Korea)& 7}2 1 cm 12|31 A2 2 §ho 2 Za} Hislo] FH|5Hct
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TF5 "ok 28] ¢eet B 27to] S0i9l= 12-well plates (SPL, Seoul, South Korea)oilA Bi513Att. 12-well plateoi] R2A Y| HYA]
1.8 mL & ZF #5220 JEfl 0.2 mILS 7181l 26 CoflA] 7Y 529k w7 | (Shaker, Daihan Scientific Corp., Seoul, Korea) ol 85}
At i & 7 2R E] PAE o] 850 o2 gl Y v|uwsigich A2 28 HHESHIT

B el eelek 71 2725 12-well platecl| Al 22]oklar FHo] WS AlQ]eh 1 70% oehE2 Holsgieh. 13 =
Al-& AAsE| 913 Phosphate buffered saline (PBS, pH 7.4) -&<bol] 2 Al4siqict. 1 & S| F5 22ke] iH
St periodontal probeZ #0141 0.09 mm 2] B =(Sigmund Lindner, Warmensteinach, Germany)S- Z3}5H= PBS 1 mLoj] &
FoH2L S 32 & E0) e 7Y 22 A2 37 PBS 1 mLell 9l oFFAZ o] 2 E & Y A2 223t -80S 10842 5] 4]

5] oS R2A J1Af|El 2] o]l spiral plater (IUL, S.A., Barcelona, Spain)& o]-8-5t0] =25}t =2sk R2A A= 26°CollA] 7Y Bk
=+ A2k Colony counter (IUL)Z A48t & mL & CFUE Alktsto] Hlasltt. o] ¢ Mae]= 2t 44 Belslr] 9]5h Aol
o] 5 P A Ailolx] w2 vlo| 8 E P4 58S BolE 75 28(C. pauculus HY12, A. delafieldii HY1) ¥} & 522 Ko
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HZEEe 359 srof g2 F3o] BAF 275 93] R2A A viz|oll - Aot ZF #5225 0.5 X 10%, 0.5 X 10°, 0.5X 107 12 1. 0.5 10°
CFU/mLZ 8]AJato] F8[a}]Tt. 24-we 1z R FH|H 2 F50] HElS 3 mILA] F7te}
et PlateZ 261, 1HE7] ofjA] 147 oot 7t f0] F BalaR S0l W H|wallct. A
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B2} oA A &2 Hio| U= P4 53 & HolE C. pauculus HY122} A. delafieldii HY10l|A E15H1ch Bak4io] G2AS
7] 91, BH(Sugar) B SRR EARI E-AT A 7} A& Ea) e FY Bl £2A7] & Kol AEl= H g FRIsII
g 2]2lE 9J3l 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 =
7gto] ARE3HATHI6]. 24-well plateol] st Za| el F1) 27} o 12|31 0.5X10° cells/mL2 24 w3-2] FEflS Y 1At
OF BAAZ] & Baaks- 2ol dl v waleich ERAl A2 95l 0.5X108 cells/mLE Z2H #52] FEFlof] 0.5 ug/mLa} 10 ug/mLe] E
2 Al(Sigma chemicals Co., St. Louis, MO, USA)-S 31 302 52t 2]2J514tH17]. 24-well plateol] Bat 22|t £1) 2217 EAI
O 2 X2jgh 7t o] Al S W A SR R & Bk Shol 9l v wolgich e 28 HHESHIC

A x
3. A44 £

244 732 n-hexadecaneol] Algo] B2 4 Qe Se1e ZA3to 24) ZA5IITHIS]. R2A HAHiRIClIA A Al Hlgfele
OD,, 0141 1.0(1}10° cells/mL).2-2 24511t 2mI.o] Al FERH (1 10° cells/mL)}S 52 FE(13mm)ol 4S5 400 uL.2) n-hexadecane
(Sigma chemicals Co., St. Louis, MO, USA) 87FskaL eH7|ol| A 12 59t AZsiA| E3tA1ZiTh 23 Thg, Ah2olA] 158 St )3t &
218 dojulo] Optical Density (OD), oI F Y =S Z4513ich 244 (HP)2 Theat 22 341 o] &3to] AAtslgich.
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%HP = [OD(initial)-OD(expt)] X 100/ OD(initial)

47| 4] OD(expt)}+= n-hexadecaneS 7Fstal 158 ¥2]et & Z43H 0D ghs Tt A8 31 HHE519Ich

4.EPS 22| % ¥

R2A HAufA]of] 8RRt ZF Al 350 plE 10,000 x gollA] 587 AA EalstirH19]. ¥4 2] & 48/ AlEechd=(Soluble
extracellular polysaccharides, SEPS)E E&5h= AJ5He M2 FHo| Bttt A QL= pelletel] 1 M NaOH (Sigma chemicals Co.,
St. Louis, MO, USA) 350 uLE 715 k2 & & AR Esleith AAlEe] & H4-87d A o|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+ Ai2]5iicH20].

1 5 AR M2tk (intracellular polysaccharide, IPS)E E3loh= A45HE M2 FHol =otth

SEPS, TEPS ¥ IPSE E&5h= 2+ FHof| 38 F21]2] 100% ice cold ethanol (Daejung chemicals & metals, Stheung, Korea)& *] 2|3t
T EPS A QsiA -20CollAl 3027F FAISHATH21]. 13 % 10,000 x gollA] 587 AA] Rejste] A&l #e| 11 pelletS AUt o] F
A TH50131 pelletel] 70% ethanol = All22H £ 10,000 x goilA] THA] 4] #2531 e o] a7g2- 281 REESIQIT. 2|54 0= /44 pellet
2350 uL 1M NaOHol| A& Az, o] ZA| Aoj 7 sampled Phenol-sulfuric acid methodZ $3l| EPSY-2 2451 CH22]. A3 2
HHESIRAT

5. X2E2AM

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 an) ke
2 =5 vlwsty] fJs 1ejal 2] 5 7 44/ S vlwstr] 918l Kruskal-Wallis tests Al oM, AR A
ASFITE Fola2 0.05 ol AR folide HSsiith

AAZq

1. 22| #F2| Hjo|2 %%‘ﬂ%’lﬂlﬂ

7} Ba| 30| vo| W2 Ak <Fig. 153 2t} C. pauculus HY127} 714 e Hio| @ WE FAJ2FS HojFqly I thea 02 P,
aquatica HY40%} A. delafieldii HY —(_F—_i okom M. aquaticum HY14%} S. xenophagum HY49 <=0 &2 7P 2 S48 S Hol39]
ok
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300,000

250,000 p41,400

200,000
145,400
150,000
103,750

100,000 69,600

47,500 44,375 49,825

50,000

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 23kl

i #5-5 0.5X10° CFU/mLE AE3I9S w, F2k2 QllThFig. 2a>. 0.5X10° CFU/mL & HE313S 7%, C. pauculus HY129] £
22 50 CFU/MLRIAL, A. delafieldii HY12} S. xenophagum HY492] B2t QISitt. 0.5X10° CFU/mML 2 % Al, C. pauculus HY12
(290,667482,637 CFU/mL)2t A. delafieldii HY1 (69,800+43,774 CFU/mL)2] F2=F2 S. xenophagum HY49 (14,997 CFU/ml+4,056
CFU/mL)2] F-2=gof| vla) F 198 12|11 4uf o] Eokeh.

2) | A|7bol] wh2 Fzkeg v

C. pauculus HY128} A. delafieldii HY19] F2- vl SF A|7to] Z715to] et e Z7Fs1l Al S. xenophagum HY492] bR
I 2A27kR] F7 ks 7| 11 o] o] uijQF Al tol| A= RakFo] ZHAssl Qi ti<Fig. 2b>. E v AR ellA] C. pauculusHY122} A. delafieldii
HY12] F2l&Fo] S. xenophagum HY492] F2leFH T} 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) Bxba A7 ol

C. pauculu HY122] 7%, goil &Jal] F-&o] || x| 9kt EqAlel| oJs)| Hzlo] A= ict. £3], 0.5 pg/ml EF Al 2|H #52]
H25-2 47 4% 2 7P R THFig. 3>. 0.5 ug/mL ERA A7t & 2253} F 7 & B4 Alololl= BA1Z 0 & F-olgh ato] 7 LRyttt
(p<0.05).

A. delafieldii HY12] 7%, glucose@} 10 pg/mL EZAI-S #|2J3+ 2.5 A7 (Inhibitor)o]l 2J3}] £2}o] 2}z=]ith. Mannose 7} &, 2
52 5.8%2 71 WoktkFig. 3> Mannose 47+ & H2-&3} glucose®t 10 pg/mL E-Al 37} & B&E 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} =tT<Fig. 4>, 352] #5 5 7P =2 4%
& 7 FF= 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. MZe|ctew

3%9] 52 SEPS, IEPS 18] 1 IPSS] Y& <Fig. 5>0ll eplth. 35-9] 2] w5 5 7P B2 SEPSE A4kt #5+= A. delafieldii HY1
(144 pg/mL+6 pg/ml)el3JaL, C. pauculus HY12 (89 pg/mL+19 pg/mL)2} S. xenophagum HY49 (86 pg/mL+24 pg/ml) o] AJAkst
SEPS?] -2 fAFISAtk<Fig. 5a>. TEPSeH IPSE nR7FA| 2 A. delafieldii HY1 7} 7Hg o] A§AksHth<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.

X3t O
& 9 et

o] 7= DUWLs2 R 22j5t 775 td o2 Hio| B 5 /ol FFFE A= /32 ERlst7] floh A= i) Hio] e W52 &
I Ao F2 Al 7S, Al ejohdRol Aok IS 7AHA dsE o] Hio| 2 B82] % TAME R 725 4T3 she Al
3l Bfo{ RIe 1 Allete] 472 Al A] Hie| @850 g2 e 4= Qlet

=70 || thh Algto] F212 Hio| B F /g Bl A% TAlIM 71 A DAl sligsh £-2.5F D7otH6, 7). Simoes S{712 &8
ol A 22J&k #52] Polystyrene EHo] Tzt H2 58o] =245 Hlo|E & %*é 58 3 &2 25 FRlsIgith ofof £-2]9] &t
A= tHEA Q] DUWLsO] A&l Z2]--2leo] thgh DUWLs2 R & £2]3t 12F20] 752] Hio| 285 J4 538= H]j’_o}_l_}(}- STk ¢
2|2} o] Atof Al DUWLsS] 4 Zili AHEE= SFekE Aol it 2] #520] A= ERlolr] 2l DUWLsolA HiEE= 22 E 12
%(Genus), 31E(Species)?] 75 2oL, SE= 1354 Heslo] 12F9] #35 td oz AFS +3siitHi3]. o Oq:r“’ﬂ/ﬂi &2
12%0] #5E5 oz AYS 43 0’5P°:‘EP A3 2edF 123 Cupnavzdus pauculus HY127} 71 =2 Hlo| e HE A 52 B
053131, Polaromonas aquatic HY40, 12|21 Acidovorax delafieldii HY1 <=4 2 vio] @ W2 g4 52| =tk T3k C. pauculus HY12
O] A9 2 w2 EAAU A2 vl Aol N = thE w50l sl Rk w3t Wolth Alite] Ratolle Aa/d 3 IS iRl
Aoz d#A Qlojx, Hlo|eEE P 58S EUE IR 775 AdEslo] 4448 RASINITHIL. 1 23}, A. delafieldii HY1 2} C.
pauculus HY129] A4go] 22}k 3 27.7%, 24.3%2 AR M, Hio] @ W2 4 50| Wk Sphingobium xenophagum HY492]

‘[F
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Ak
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/3ol vIsliA] EQkch Alato] The Ml T B3 2] Brof Halslo] Hlo] @ W25 /Adsh= o] HahAet ¢

25 SHHI0] PR IR & 2] w522] Hio] 8 & P4 5ol AgAdo] FFFE RS 4= U
Han S{16]-& 77 A3z A|3Zo]l thgt Fusobacterium nucleatum®] 52+ 422 glsl7] 9lsf izt go 2 A2
Ikt 71 A7t galactose F-5-Foll ol 3] F-2to] AA|=] 917 wiiell galactose 2% —‘?'—21*-/:\-7 | EH Fzbof] Tofdt 2 0 2 A9kt
t}. o] Aollx & Zaj et ®Rio| T"HOP 2] o] B2 A 2Rlstr] flol et e 2goto] E-Al A2 & 22 oA A= g E
151t} C. pauculus HY129] 79 E-Al0]| oJsf) H&to] A= o B2 C. pauculus HY12—°4 Eo|o|gtol gt Fahe Tl Bk
OF 5=8A4 Ato] /T ARgo] o]af mi7fEl = A o2 Helrk.

Alete] Fatolli= Ad/g iRt ofuet Algto] AgAtel] Ul AZ2LlThdR(EPS) = 9= & 4 U= A= deA] QUeH7,10]. o]2{st o] f-2

73S ERIgh I BRltFE TR EPSO] &g SRlstitt. 743 Allet Foll sl S. mutans?t AJ4ks) e tHgR-5 o2 84
ML Q] T R(SEPS)= H}Olﬂ‘g% w9l 2ol F93h Aghg she 210 & e Qlom, H|4-8/d M| Ze|ThdR(IEPS)= EHHe] Fatat
ol 2741 AEHE sh= 202 oA 23], 12]al AZUCHEFIPS)= A ARS 913t Fsh o= Ao JUrH23]. 4%
DUWLs 228|252 thA}o 2 EPS| 257 AAkS 80151913 ull, A. delafieldii HY17} 7174 AAtafo] okt Bk} vlo] @ L2 g Ajoj|
FEFS F= Aol 45 DUWLs 22|55 td-o= gRlsto] 1L Aol tjsl F34 082 BW, A. delafieldii HY17} /o] tijgh 2
7} DUWLs H}o] 8 & FAol| F23t TS T 4= 1S 2 O & Alg It EPSE Hio| @8 50| Aol Aejs)= 7o) B4 0= ojA%]
th24]. Azeredo®} Oliveira[24l= W2 0] EPSE AY1ket #5771 /95t Hio] 28 §o] 212 o] EPSE AgAket &%—7} /et Hiol e W EH
o A5} of2}9H of= EPSe]l 9fs vio] 285 Ul A3 o] t =olxl7] whol2tar AlRbskitt. 12iA] vo] @B 52] QM dat AlA =
Hho| @ W55 Aok Alt2] EPS AAh2 FQ6ithal g 4= Sl Hio] @ A& /& AAloh= a-824%1 Rl 71 *Oﬂ AoA] PH- A2}
E2 Ho| B2 S Ml 3 EPS A4t 530] -2 750 EPS At 5318 77| = B2 283 A9kl QIeH23,25,26]. 774
o] Q=20 Y5 AAlohs 22 e 7Hd-S el Alet F =2 EPS A 532 7K1 S. mutans7 AJ4ksH= EPSE td 0 2 22
E4o] gHlo| o= E 528 ERIeHITH23,25]. 0|2t -2 HALollAx7, DUWLs Hlo| @ H& P& Aot | $i5t =g ¥R o &2 EPS)
RS ZHaA]7 e Bo] E8E 4 9l o tiido] = EPSE+= o] )17t Aulol|A] =2 EPS At 582 71 A. delafieldii HY17} /845t
+ EPS7HE 4= Slth. fAlSHA| EHo|| tigh Allt2] 22 AAslHA] Hlo] -5 /8 ool W] 7ido] o] Foi =] a1 JITH8]. o] &
Tl BH % Tl tigh B2t S2fo] &2 710 2 AL El= C. pauculus HY129} A. delafieldii HY12] 222 a-&2 0 2 oxd 4 9=
E42 DUWLs Hlo| @ & A& 2Alst7|9lsl 282 4= 3l& Aolch

C. pauculus = A o] A{she AtollA| #235, HEF, &
o] Allt2] T-lol] Tl A] BHEZ|A] AA| T, URol|A= A
= A oot e 9 E B2 o]o}M} 7+ w3t oljulst 2 9)S Ao},

%] High-throughput DNA sequencing 71&-& /\}3 o] DUWLs W - 63-394 £(Genus)2] thst Aldto] Exfsh= A& &)1kt
[28,29]. $-2]°] 7= DUWLsOIA] E2l ¥l 1252] #5-5 thdo 2 7S Jgallthe Zol|A] AghS 7H2Itt. 5 9-2]9] Atof|A] 2]
5] vo| @ W E A 525 AN Ee Z2Z v S 5ol Eeu 734 AIT] Hio| @ HEo] Fejet FAE T ERlskA] 23
Th= A 7HITH15,30]. whehal, ol2idt ShAd & Hekslo] o W BelutFE /o2 Hat Y ulo| @ 4 5 &/dat B 5492 Al
W ERlstal Bl wshe A4S 2 et Qlch

2|31 Algte] Bl /g it Aot ot S| Al 3HO 25}, 41w (Pili)et 31 X (Flagella) ok 2= Al 2] 712 5 Tt &
Qlo] FFe = 4= ATH7,10]. FFoll= Eefwt=oll thgh o]et Z-2 B tisii = 7t A F o7t Qi

o] Ate] Ark= DUWLs Hpo| @8 50] P4 3AE olsfishe o] To-s & 4 AW, Lol DUWLs Hio]| @ H-52] /43S ofstal A
7ohe Bl S flet 7 xAtE R 28 4 L& Aol

2E

o] AT DUWLsollA] uj&3t Rofl ] Rejeh F550] B2t gl vlo] 222 4 5218 319l W v|wsl, o] FF50] A%4ThEPS A)
Aeke 3ol Ul n|wsly] 3t 2o 2 Al¥E|ich

— = X

1. DUWLs 226 el 1250] 252 thyo 2 vlo| 0 & W22 SRIsI9kS 1, C pauculus HY127} 74 e wlo] 0208 ey

fuEL
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S HolFa, kS0 2 P aquatica HY40%} A. delafieldii HY1 <=2 2 Hjo| @ &= gAdgfo] Wotth 123 M. aquaticum HY14 9} S.
xenophagum HY49 <=0 2 714 22 Hio| e W2 A2k HojZ]c},

2. S. xenophagum HY49 | H]3l C. pauculus HY129} A. delafieldii HY17} -2 -2 72|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 Ho| 2J7]|=]
etk

3. &4 A. delafieldii HY19X 7P =9Fo™ ) EPS AT A. delafieldii HY101A] 7 gkt

ufha], ERo] tigh B2} 5l vlo] @ T-E /ol A. delafieldii HY19} C. pauculus HY127} 835 A& & 7hs/do] Qlor, & 1+o]
A1H= DUWLs Hio] 28 52] /g 7115 ofslistal, &/d2 AAlloh= RS 72 918t 71 & 2185 Al 53t

rok
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