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Adhesion and Biofilm Formation Abilities of Bacteria Isolated

from Dental Unit Waterlines
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The purpose of our study is to compare the adhesion and biofilm formation abilities of isolates from water discharged from dental unit waterlines
(DUWLs), Bacteria were isolated from a total of 15 DUWLs, Twelve isolates were selected for the experiment, To confirm the adhesion ability of the
isolates, each isolate was attached to a glass coverslip using a 12-well plate, Plates were incubated at 26°C for 7 days, and the degree of adhesion
of each isolate was scored, To verify the biofilm formation ability of each isolate, biofims were allowed to form on a 96-well polystyrene flat-bottom
microtiter plate. The biofilm accumulations of allisolates formed at 26°C for 7 days were identified and compared. A total of 56 strains were isolated
from 15 water samples including 12 genera and 31 species. Of the 56 isolates, 12 isolates were selected according to the genus and used in the
experiment, Sphingomonas echinoides, Methylobacterium aquaticurmn, and Cupriaviaus pauculus had the highest adhesion ability scores of +3
among 12 isolates, Among these three isolates, the biofilm accumulation of C. pauculus was the highest and that of S, echinoides was the
third-most abundant, The lowest biofilm accumulations were identified in Microbacterium testaceum and M. aquaticum, Most isolates with high
adhesion ability also exhibited high biofilm formation ability, Analysis of adhesion and biofilm formation of the isolates from DUWLs can provide useful
information to understand the mechanism of DUWL biofilm formation and development.
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Table 1. List of All the Species Isolated in the 15 Water Samples from Different Dental Unit Waterlines

Phylum Genus

Species Total

Proteobacteria Acidovorax

Brevundimonas
Cupriavidus
Methylobacterium

Novosphingobium

Pelomonas
Polaromonas
Sphingobium

Sphingomonas

Sphingopyxis

Bacteroidetes Sediminibacterium
Actinobacteria Microbacterium
Total

Acidovorax delafieldii’
Acidovorax soli

Brevundimonas subvibrioides”
Cupriavidus pauculus
Methylobacterium aquaticum®
Methylobacterium fujisawaense
Methylobacterium populi
Methylobacterium radiotolerans
Novosphingobium aromaticivorans
Novosphingobium capsulatum
Novosphingobium fuchskuhlense®
Novosphingobium nitrogenifigens
Novosphingobium resinovorum
Novosphingobium sediminicola
Novosphingobium stygium
Novosphingobium subterraneum
Pelomonas puraquae”
Polaromonas aquatica®
Sphingobium limneticum
Sphingobium xenophagum®
Sphingobium yanoikuyae
Sphingomonas echinoides"
Sphingomonas ginsenosidimutans
Sphingomonas hunanensis
Sphingomonas oligophenolica
Sphingomonas paucimobilis
Sphingomonas starnbergensis
Sphingomonas wittichii
Sphingopyxis panaciterrae®
Sediminibacterium salmoneum®
Microbacterium testaceum®
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“The selected strains used for susceptibility tests.
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Table 2. Adhesion Score of Each Isolate on Glass Slip

Isolate Score

Acidovorax delafieldii ++
Brevundimonas subvibrioides ++
Cupriavidus pauculus +++
Methylobacterium aquaticum +++
Microbacterium testaceum ++
Novosphingobium fuchskuhlense +

Pelomonas puraquae ++
Polaromonas aquatica ++
Sediminibacterium salmoneum ++
Sphingobium xenophagum +

Sphingomonas echinoides +++

Sphingopyxis panaciterrae
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gopyxis panaciterrae, Acidovorax delafieldii, Brevundi-
monas subvibrioides, Cupriavidus pauculus, Methylo-
bacterium aquaticum, Microbacterium testaceum, Sedimini-

bacterium salmoneum} 22t}.
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7V B vtol e B35 FAFE HoFAL, P. aquatica®h
S. echinoides7} 1 T}&- 0 2 vlo| @ Y& ZZgfo] it}
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Qx\’b o & Fig. 1. The mean biofilm accumu-
+?,ﬁ\° 5@“ Q@“ lation of each isolate formed in
& \\& 12-well plate for 7 days. The error

A(\&‘(\ ‘(\QOQ bars indicate standard deviations of
%Qx\\ 6&\\ the mean for three repeated ex-

periments in triplicate. CFU: col-
ony-forming unit.



203 - OIMG : X2 QLIE +¥ 2279 HO|REE ¥Y 58

(=

744 A4k, olk FAVSHA M. aquaticum®] wio) S B & S
Zgke 4.72 log CFUmIE 2 ¢}

a

U2k

2 AT oX= DUWLA Z2jg dFo vpo] 2 & 5
w2 5eg shelstolrt. B Y| S H 2FFE
Sphingomonas spp.= ¥l A] vlFH 2 pyrosequencing
A& AH8-sho] DUWL W Bh¥AS &R1gh o] d A7-5
o AN FHHoZ ol RARE Aol
Methylobacterium spp., Novosphingobium spp., Sphingo-
bium spp. T3 DUWL W] A1 9] thFAS 13 I 3&
o AFollA WIsHA EHE R o T o YA FFEE
DUWL ellA] AE e Aldtel ZHETH™ ujf ujx]
Ho 2 DUWL W Alt3 T4 A7-9] 73 vl Aol ulj <
o] HA| = AT ES AL F B A AT ES <l
3}, B 2381 W Q] pyrosequencing 2410 2
DUWL W] Ala¢] thekd& Qﬂi AFeM = AldE
2744 e &8 5 Q. AF7A 9] AT @
JJr:—_.:; DUWL Jf &A= d g2 AdES 248 &
7] vl & Aol e Eeld & 56T
A desto] A o AHg-st ATt
cgh Fof Aldo] F&sHE A2 vho] 2 FFo] FA
I A&she AA A A GA o slFslr] wiTol T3t
o). gele] Aol AL E 275 FollA e 2 5

HoE S. echinoides, M. aquaticum, C. pauculuse %
DUWL vto] 085 34 4ol JF& 7L 7454
o] glek.

Simoes 5”& -8 ollA] E2l& A2 polystyreneo]
)3t 23 =elg) ulo] 9 WE §A =8 xlo] BA S ol
2, 245§ 540l ke BRRG 5 T} vho)
e ik ol et
A e dFelN B o] Fe

R

C. pauculus:— %3 H]-O 2]

wa e

MroofN i

i

N o

X

4 sae e ol 5
S 94 Senc vhe 829 9P o = B
whEo 2 2t vhol e B W ol Ae] ¥4
sloll §7 2 EPS A4t 58 53 e aAEE Y
S QeH) wjebA] 2o FFE] $4 2 EPS 4
g3} g vhe SHES FAsHe F7hA0 A7t Be
Aoltt.

Yabune

or 32

o

¢

>
9 o My N ox

Ve B4 I8S ¥ DUWLS vlo] o a5 3

3 JA a¥= &I ELFH S §5HA 42 DUWLE
o} 54 FH3g DUWLS ﬁ@ A7 FUEANA v &

= & W Al 7 O 9k, FARAAE R
DUWL W|H-& #Z3& o B4 383 DUWLS] 1 Ho
F-25E Al o] 7] glaitt. o] A B4 'S DUWL
o] ALg F 6701 97HA] X459} Yabune %] A7 2
= B4 F¥] DUWLE] Alit #2348 A5t a77) bf

o]e 5ol FAL AT 5 Stk AL
Ao 2ol £

HJ

5

i

et
£
N
32
2

S RRE AT AL AATH B

jus]
=
o
O
e
1o
BL
i

(o3
2
ol
QL
(S
12
X
o
rr
=
fo
K
2
ne
o

e ¥o rlo

ok Alte] 22H-S oAsHE e F2 bl vl Qs
5 A AAHIA x7]el B3t ]
A&l tigh 4 E=DUWL H}Ols’:‘é 5 ‘%“é <= JAA7]
7] 918l 28 4 Sl

Aol BFe BRshs g Edo] g e
P B A eME AP AN AT BF 5 o
vlo] 2 A E FA TES Felshs 71EA QA A el
2} Mlato] F-2st= BH O 2 glassit polystyrene-2- AHE-3)
t}. 3tA¥F DUWLe] AZ=Z2+= H%E polyurethaneo]}
polyvinylchloride7} AF&-%]7] wj 2o, o] ) Dol o) &t &
2] #5o] 52 nlo] 0 AF A Sl i A= F

7HH o2 e Eofof & Aoltt.

£ 79 43= DUWL Hlo] @ dE9] JA 71d& 9

o}t ol =92 1 Yoyl nlo] L & F AL JAS=
v o] ko] 7| 2A el AR E A|FT 4 9 Aot}

2 o

L] AT2] E2-2 DUWLA vl & &= Eol|A]
7o) 72 583 vlo] o7 FA TS FRIs
59 Ato] #AIE sk Aotk DUWLE —'vﬂ‘ B &g
12775 A3l AHE3t ). 7 w59 #3588 g9l
317] ¢4l 12-well plates] Zt wellel] B ¥ glass covers-
lip, R2A 07 wjx], 183 1x10° CFU/mle] T =2 24
A AT NS T 26°C 7] ellA 7 &<t v st A
c}. vk &, glass coverslipell 28k Aol ulg} 1~3%
o2 HFE FoJstgt. #8 a5 voledE I T
e Za3str] 98, 96-well polystyrene flat-bottom
microtiter plateo]] R2A A vjA|9} Al HHAS Y5
26°Col|A] 74 F3F vl eFat k. vl 5, plateo]] 3= uf
0] 2 FEFL R2A HA| wjA| o] AL, TS R2A 1L
Al v A o] =3} ATE. 26°CollA] 7Y wi et & Ml J
Z2 A48t CFU/mIE A4 9ok DUWLE RE & 56

Mo
o

N
A st

-

al

rﬂ

o
-



J Dent Hyg Sci Vol. 18, No. 2, 2018

F7h welsglon, 1243 315 gk Aol
o 13N Aol & 12@ %7 AFE AT 12
ol S. echinoides, M. aquaticum, C. pauculus®] 5-
=

e H302 7P w90t vho| LB F SATFL

[

14

Bye] 22 5eo] £e FRE woledE W4 5
E3 B9 £ A7¢] Avhs DUWL ulo] 2859 3

A& sfetets o 24 Fol Uolrh o] 09 5 3

s

X% o off o
tlo flo ox

TNEIE

o] =L 20159% AR5 Ao dxdy
Aeke] 2 YL uto} S8 H 7] AT A}l (2015R1ID1A
1A01057790).

References

1. Walker JT, Bradshaw DJ, Finney M, et al.: Microbiological
evaluation of dental unit water systems in general dental
practice in Europe. Eur J Oral Sci 112: 412-418, 2004.
https://doi.org/10.1111/j.1600-0722.2004.00151.x

2. O’Donnell MJ, Boyle MA, Russell RJ, Coleman DC:
Management of dental unit waterline biofilms in the 21st
century. Future Microbiol 6: 1209-1226, 2011.
https://doi.org/10.2217/fmb.11.104

3. Barbeau J, Tanguay R, Faucher E, et al.: Multiparametric
analysis of waterline contamination in dental units. Appl
Environ Microbiol 62: 3954-3959, 1996.

4. Singh R, Stine OC, Smith DL, Spitznagel JK Jr, Labib ME,
Williams HN: Microbial diversity of biofilms in dental unit
water systems. Appl Environ Microbiol 69: 3412-3420, 2003.
https://doi.org/10.1128/AEM.69.6.3412-3420.2003

5. Szymanska J, Sitkowska J, Dutkiewicz J: Microbial contami-
nation of dental unit waterlines. Ann Agric Environ Med 15:
173-179, 2008.

6. Dutil S, Tessier S, Veillette M, et al.: Detection of Legionella
spp. by fluorescent in situ hybridization in dental unit
waterlines. J Appl Microbiol 100: 955-963, 2006.
https://doi.org/10.1111/j.1365-2672.2006.02845.x

7. Szymanska J, Sitkowska J: Opportunistic bacteria in dental

unit waterlines: assessment and characteristics. Future

10.

11.

12.

13.

14.

15.

16.

17.

18.

Microbiol 8: 681-689, 2013.
https://doi.org/10.2217/fmb.13.33

. Costa D, Mercier A, Gravouil K, et al.: Pyrosequencing

analysis of bacterial diversity in dental unit waterlines. Water
Res 81:223-231, 2015.
https://doi.org/10.1016/j.watres.2015.05.065

. Cobb CM, Martel CR, McKnight SA 3rd, Pasley-Mowry C,

Ferguson BL, Williams K: How does time-dependent dental
unit waterline flushing affect planktonic bacteria levels? J
Dent Educ 66: 549-555, 2002.

Walker JT, Bradshaw DJ, Fulford MR, Marsh PD:
Microbiological evaluation of a range of disinfectant products
to control mixed-species biofilm contamination in a labora-
tory model of a dental unit water system. Appl Environ
Microbiol 69: 3327-3332, 2003.
https://doi.org/10.1128/AEM.69.6.3327-3332.2003
Whitehouse RL, Peters E, Lizotte J, Lilge C: Influence of
biofilms on microbial contamination in dental unit water. J
Dent 19: 290-295, 1991.
https://doi.org/10.1016/0300-5712(91)90075-A

Meiller TF, Kelley JI, Baqui AA, DePaola LG: Laboratory
evaluation of anti-biofilm agents for use in dental unit
waterlines. J Clin Dent 12: 97-103, 2001.

Meiller TF, Depaola LG, Kelley JI, Baqui AA, Turng BF,
Falkler WA: Dental unit waterlines: biofilms, disinfection
and recurrence. J Am Dent Assoc 130: 65-72, 1999.
https://doi.org/10.14219/jada.archive.1999.0030

Walker JT, Marsh PD: Microbial biofilm formation in DUWS
and their control using disinfectants. J Dent 35: 721-730,
2007. https://doi.org/10.1016/j.jdent.2007.07.005

LiuY, Zhang W, Sileika T, Warta R, Cianciotto NP, Packman
A: Role of bacterial adhesion in the microbial ecology of
biofilms in cooling tower systems. Biofouling 25: 241-253,
2009. https://doi.org/10.1080/08927010802713414

Simoes LC, Simdes M, Vieira MJ: Influence of the diversity
of bacterial isolates from drinking water on resistance of
biofilms to disinfection. Appl Environ Microbiol 76:
6673-6679, 2010. https://doi.org/10.1128/ AEM.00872-10
Park JH, Lee JK, Um HS, Chang BS, Lee SY: A
periodontitis-associated multispecies model of an oral
biofilm. J Periodontal Implant Sci 44: 79-84, 2014.
https://doi.org/10.5051/jpis.2014.44.2.79

Eginton PJ, Holah J, Allison DG, Handley PS, Gilbert P:


https://doi.org/10.1016/0300-5712(91)90075-A

203 - OIMG : X2 QLIE +¥ 2279 HO|REE ¥Y 58

(=

19.

20.

21.

22.

23.

24.

Changes in the strength of attachment of micro-organisms to
surfaces following treatment with disinfectants and cleansing
agents. Lett Appl Microbiol 27: 101-105, 1998.
https://doi.org/10.1046/j.1472-765X.1998.00390.x

Modesto A, Drake DR: Multiple exposures to chlorhexidine
and xylitol: adhesion and biofilm formation by Streptococcus
mutans. Curr Microbiol 52: 418-423, 2006.
https://doi.org/10.1007/s00284-005-0104-0

Bodenmiller D, Toh E, Brun YV: Development of surface
adhesion in Caulobacter crescentus. J Bacteriol 186: 1438-
1447, 2004. https://doi.org/10.1128/JB.186.5.1438-1447.2004
Antunes AL, Bonfanti JW, Perez LR, et al.: High vancomycin
resistance among biofilms produced by Staphylococcus
species isolated from central venous catheters. Mem Inst
Oswaldo Cruz 106: 51-55, 2011.
https://doi.org/10.1590/S0074-02762011000100008

Yoon HY, Lee SY: Establishment of a dental unit biofilm
model using well-plate. J Dent Hyg Sci 17: 283-289, 2017.
https://doi.org/10.17135/jdhs.2017.17.4.283

Walker C, Sedlacek MIJ: An in vitro biofilm model of
subgingival plaque. Oral Microbiol Immunol 22: 152-161,
2007. https://doi.org/10.1111/j.1399-302X.2007.00336.x

de Lillo A, Ashley FP, Palmer RM, et al.: Novel subgingival
bacterial phylotypes detected using multiple universal
polymerase chain reaction primer sets. Oral Microbiol
Immunol 21: 61-68, 2006.
https://doi.org/10.1111/j.1399-302X.2005.00255.x

25.

26.

217.

28.

20.

30.

Stepanovic S, Vukovic D, Hola V, et al.: Quantification of
biofilm in microtiter plates: overview of testing conditions
and practical recommendations for assessment of biofilm
production by staphylococci. APMIS 115: 891-899, 2007.
https://doi.org/10.1111/j.1600-0463.2007.apm_630.x
Yabune T, Imazato S, Ebisu S: Assessment of inhibitory
effects of fluoride-coated tubes on biofilm formation by using
the in vitro dental unit waterline biofilm model. Appl Environ
Microbiol 74: 5958-5964, 2008.
https://doi.org/10.1128/AEM.00610-08

Simoes LC, Simoes M, Vieira MJ: Adhesion and biofilm
formation on polystyrene by drinking water-isolated bacteria.
Antonie Van Leeuwenhoek 98: 317-329, 2010.
https://doi.org/10.1007/s10482-010-9444-2

Azeredo J, Oliveira R: The role of exopolymers produced by
Sphingomonas paucimobilis in biofilm formation and
composition. Biofouling 16: 17-27, 2000.
https://doi.org/10.1080/08927010009378427

Rickard AH, McBain AJ, Ledder RG, Handley PS, Gilbert P:
Coaggregation between freshwater bacteria within biofilm
and planktonic communities. FEMS Microbiol Lett 220:
133-140, 2003. https://doi.org/10.1016/S0378-1097(03)00094-6
Yabune T, Imazato S, Ebisu S: Inhibitory effect of PVDF
tubes on biofilm formation in dental unit waterlines. Dent
Mater 21: 780-786, 2005.
https://doi.org/10.1016/j.dental.2005.01.016


https://doi.org/10.1016/S0378-1097(03)00094-6

