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AA et dFo)atiel A5 dol WAl Aol Ll TA¥E Candida

4

albicans (C. albicans) 53 ¢ C. albicans 163, Escherichia coli (E. coli),
Pseudomonas aeruginosa (P. aeruginosa), Proteus vulgaris (P. vulgaris),
Streptococcus pyogenes (S. pyogenes), Streptococcus salivarius (S. salivarius),

Staphylococcus aureus (S. aureus) & o2 1 AFE 43353},

C. albicans v Sabouraud’s dextrose (SD) gzl wj=]el] FF3te] 30TCo|A] 18
AIZE EF mstltt. S pyogenes €+ S. salivarius = brain heart infusion (BHI)
g wiAle] HFste] 37T, 5% CO, F=&F7|oA 18A1zF &<t wigsiaict. S
aureus, E. coli, P. aeruginosa ¢+ P. vulgaris £ trypticase soy 3-d vjA]o] =3}
o] 37Tl 18A%F &<F sttt

3. HholonE A

1) 96-well microtiter plate

C. albicans = 50 mM glucose”’} ¥3t%l yeast nitrogen base (YNB, Difco TM,

Becton Dickinson, Spark, MD, USA) #jXx]o] H=3}e] 30TolA 140 rpm O =2 184



7F g vt} S pyogenes € S, salivarius + BHI wj Aol HEste] 37C, 5%
COy 23570 A 18A1%F Tt AE wkel AT}, S aureus, E. coli, P. aeruginosa

9} P vulgaris ¥ trypticase soy A wjA o] H=E3dto] 37TColA] 18417 =< 2

oft

Al
T

ol

2]

Fol 2lakbE=g 9 (phosphate buffered saline,

o
(o,
M

R T D

—

PBS)e. & Al ¥ AFsA}. C albicans w3 Zt7+e] AlwS O.D. 3t 0.12 239

100 mM glucose”} X% YNB vjx| =2 3]43}e] 96-well microtiter plate (Costar,

Cambridge, MA, UAS)] 100 w0 A=3sle] 37T, 75 rpme.E 1A17F 308 v

et

5
T

plateo] <FstAl S #S& PBS Aoz AASIT. 2 wello] 2+zbe] o] 2+

rr

Hj
A& H7bste] 75 rpmo®E 3YIF vkl W -2t PBS AlH o2 AAG
7} wellrFt} XTT (1 mg/ml, Sigma, St. Louis, MO, USA), Menadione (0.4 mM,
Sigma) 5:1 E&NE 200 wH Aefste] "leo] ke, 37CeA 3A%F REG-Al7]aL
microplate reader (Emax, Molecular Devices, Sunnyvale, CA, USA)E 490 nmol A

EYEE Z4sq

2) S7HEH

Q7L E = latex A3 silicone elastomer-coated latex (SEC), 100% silicone
= ARESERh WA 7 Alde] etHEE A4 7 mm BEU|E Adegith &
LIMHE]E 96-well microtiter plateo] <9+ o] 92 EolAl 4FJ3le ethylene
oxide gas® Bttt QI7HHE 7} 501 = welldl serume 24413+ &<t A g8}

Stk Serums AAsSI PBSZ 3W AFHSISIYs. C. albicans ¥3 2V A&



O.D. 3 0.1%2 239} 100 mM glucose”’} 3%l YNB vix| &2 3]A sl 96-well
microtiter plate (Costar, Cambridge, MA, UAS)o| 100 x FE3ta2 37C, 75 rpme
ZOIARE 302 Wi § gTbHIE Ol oFsHAl &2 e PBS AlHoE AAsIH.
Zb wellell Z4z4o] ol gt A& H7Fske] 75 rpmO2 5L Wi sttt 271
Elo ¢slA &3 42 PBSE AlFsle] A AL 4 well vt} XTT, Menadione
5:1 £ NS 200 pt¥ AT ste] Weo] ApekEl, 37CAA 18417 WHEAIZ T Plates
A4 B35t 45N 100ulw A 96-well microplate® %71 ¥ microplate reader

2 490 nme A FHEES SAsAH.

4. FAAAEN 7 (Scanning electron microscope)

FAPAA AN B A BES 9t vold ol FdE #ES PBSE 7 H AlH
3tal 2.5% glutaraldehydeo] LA TE 1% osmium tetroxideE 1A F<F =28}
3 AAE AEL 70% o e 107, 95% ol g2 10%, 100% o gr=9] 20%3+

At Esidltt. g d5e vhe s AA FARIAERAE (TM-1000,

C. albicans #3 2479 M#< OD. 7 0.1% 939 100 mM glucose”} ¥£3%

FH YNB A2 3]45}lo] 24-well microplateo] 100 w qF3tar 37C, 75 rpmo &



IAIZF 30+ W ¥gk 5 plateo] ¢FstAl &2 = PBS AlFH o= AASAIH. 2 well

l‘E

of Z}zte] el gt WA E HIFshe] 75 rpmO 2 24, 48Xt E<t wlgEtSlth.
Aot el s dAl ®ZEstel wigls AZstal PBSE Al W AHI F
MasterPure™ yeast RNA purification kit (epicentre, Post Rd, Madison, WI, USA) &
RNAES 283t o+ "HolglE 10%3F vortexste] =<&38HA HEolF & 50 g
proteinase K7} E3FH extraction reagent 300 WE ZF #ol] & dte] oAl 10%7+
vortex3 & 70TColA 1087 WAttt 587 iceod Wx3% & MPC protein

precipitation reagentE 175 pl A28t 10%7F vortexstAtl. 12,000 rpme.=2 10

S 1 ml Ag3ke] 12,000 rpmel A 583 94 &3 3 A5 NS A AL pellet

S F7] FellAl 2T RNase free Tris-EDTA (TE) $589S 35 wA Yol &

2]

Aol Fith. RNA 8NS5 35 v 3418t UV spectrophotometerE o] €3l 260

nm SFEolA A= ¥t 1 pgd RNAZFE oligo dT primer®t reverse

transcriptaseES AF&3Fe] cDNAE A 3H AL,

i)
o
(@]

»)
Z,
>
Ll

T30 2 real time
RT-PCRE 2 A]3}%t}. Real time RT-PCR & ¢DNA 0.3 ng, forward primer 2 pmol,
reverse primer 2 pmol, SYBR Green PCR premix 5 (S &&3sle] & 10 p HHS&

Ao 7 "=o] ABI 7900HT (Applied Biosystems, Foster City, CA, USA)E o] &3}

&3
i

ol
o

o] 50C 2%, 95T 108 ©]%& 95T A 15%, 60TCNA] 45%9] WSS 403]
Aok fdre] e pMAL o iE ) nlwste] AEEt. T aLANS

A= AA FFaLAATS 771 o8] AAre R FHE o] cycle threshold

10



(Ct) #to = YeEplidth

Table 1. Primers used for real-time RT-PCR

Gene Primer Product
size

HWP1 Forward 5'- TCAGCCTGATGACAATCCTC-3’ 105 bp
Reverse 5'- GCTGGAGTTGTTGGCTTTTC-3’

PMA1 Forward 5= ACTGCTGCCACAGTCAATGAAGC-3’ 161 bp
Reverse 5'- GCCATGTCACCACCACCGGA-3

SAP5 Forward 5'- CCAGCATCTTCCCGCACTT-3 71 bp
Reverse 5'-GCGTAAGAACCGTCACCATATTTAA-3’

ALS3 Forward 5'-CAACTTGGGTTATTGAAACAAAAACA-3’ 80 bp
Reverse 5'~AGAAACAGAAACCCAAGAACAACCT-3

ECE1 Forward 5'-CCAGAAATTGTTGCTCGTGTTG-3 138 bp

Reverse 5'-CAGGACGCCATCAAAAACG-3’

SAA o AARE t-testE: ©]883lth P valueZl 0.05 ofst o wf SAA L

11
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L Algte] nvpoledE g4

=

22ke) At HEoR WFAS W AYHE veleuE P4 AES v

f

3Fo] 96-well microtiter plateo] AlvtS Wl & XTT assayE Al vk 39
=3 0.D. 32 E coli ¥ 0.048, P aeruginosa = 0.081, P vulgaris =
0.072, S. aureus ¥ 0.155, S. pyogenes ¥ 0.239 Z1&]1l S salivarius = 0.2762
2 O"ESA AldEy 2" Alato] wielFES 2 ~ bl o ®Wol At

(Fig. 1).
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Figure 1. Biofim formation on different bacteria. Suspensions of bacteria (OD.
0.2) alone were added at 96-well microtiter plate. After the initial adhesion phase,
the loosely adherent cells removed. The cells were incubated at 37C for 72 h.
The amount of biofilm formed was measured using XTT assay. Absorbance at 490
nm was measured following incubation with XTT (1 mg /ml)-Menadion (0.4 mM)
for 3 h. The data represent the average and standard deviation of three separate

cultures.

G-; Gram negative

G+ ; Gram positive
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oAA 9 HoloBE FA L

vk & XTT assays

=
=]

albicans 16394 n}o]e.
0.D. 3+& C. albicans 53 0.392, C. albicans 163< 2.4062.% C.
Al W3E By 98 ¥ C

Al&stel A4

albicans 163°] wlo]| @ AF FA | =Adth HF v
albicans #5 7 w3l th. O.D. gtel 3.6808.= FASHA F7Fskl Tt (Table
2).

Table 2. Biofilm formation on different strains of C. albicans
XTT values (mean £ SE)

Organisms
C. albicans 53 0.392 £ 0.064
C. albicans 163 2.406 = 0.064
3.680 = 0.058

C. albicans 53 + 163

* Values represent absorbance using XTT reduction assay

14



3. C. albicans ¢+ Mol 53 5 wlgo]l C. albicans velEE A

C. albicans & &=

jus)
==
o
e
)

& 6359 74z dE MAE C albicans 9 &7

O

4

ke Aol vholowE

i)

t}. C albicans 53& ©% w3 A9

ot
oX,
o

H] a8}

32

98 94

oX,
b
it

B

rr

O0.D. #= 0.392%0 ®HH, E coli ¢ A wjet

to

n}o]
A= 0.177, P. aeruginosa 9 A%+ 0.120, P. vulgaris ¥ 0.079, S. aureus =

0.162, S pyogenes += 0.298 1¥]al S salivarius ¥ 0.198°]%lt}. wlo]loJE

‘

ot

sl & C albicans 1635 &5 ¥l & o vo]edE JF ALE BHe
O0.D. %<& 2406010, 22t vhe 659 Al 37 wdsls W, £ coli ¢ 37
vjokslt A= 0.182, P aeruginosa 7345+ 0.197, P. vulgaris = 0.143, S. aureus
= 0.237, S. pyogenes ¥ 0.349 1¥]al S salivarius £ 0.157°1t} (Fig. 2).
vrol e A& P vHo| W& C albicans ¢ % C. albicans B W& M3 37

et Aol C.o albicans &5 wFE Al Bl mioledE FAo] AstE= A

o

soselth, ® Aol % vleleUE A Asli vleleuE BTl

Hir
rlo

C.

albicans 16394 wlole A5 HAsHol W (. albicans 53RY FHEHA

O
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C. albicans 53

W Live Candida only
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Figure 2. Effect of live bacteria presence on biofilm formation of C. albicans.
Suspensions of bacteria (O.D. 0.1) and C. albicans (O.D. 0.1) were added at 96-
well microtiter plate. The plate was incubated at 37C for 72 h. The amount of
biofilm formed was measured using XTT assay. Absorbance at 490 nm was
measured following incubation with XTT (1 mg /ml)-Menadion (0.4 mM) for 3 h.

The data represent the average and standard deviation of three separate cultures.

#%p<0.01
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4. C albicans ¢+ AHtel &3 #5 wjfo] vlo]| o AE Ao vX&= JF

C. albicans © wo]@BF FAol Abdo] WA= & Lotrr] 9 C
albicans ¢+ 100TClA 307 €A = F<0 2H7te] #AE €Yol A widsisich
C. albicans 53% &5 wjeksl 79 O.D. & 0.392¢] vhd AA gz =< £ coli

wA} A wgs F9- nmloledE A AHAEE HE 0D, @2 0.105 P~

il

-

aeruginosa 9 A Wkl A9-= 0.118, P vulgaris 749-= 0.153, S. aureus +
0.215, S. pyogenes ¥ 0.085 18|al S salivarius © 0.111°]t}. C albicans
1638 9= #i¥st 49 0.D. e 2.4099 Wi, I8 2 =2 E coli A%}

@A NFE A vl o BE FY AEE

=4 (e} =

O.D. & 0.519, P. aeruginosa ¢

i

A wjdst A= 0.631, P vulgaris %= 0.643, S. aureus = 0.637, S
pyogenes & 0.512 18|31 S salivarius ¥ 0.534°19t+ (Fig. 3). C. albicans &
AR 87 v Fet A C. oalbicans ©) vlolLEE FAo] 50 ~ 80% TAEE o=

CRETCE
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Biofilm (OD 490 nm)

Biofilm (OD 490 nm)
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O Live Candida +Dead Bacteria
\\ ? ) 5 5 O
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C. albicans 163
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Figure 3. Effects of dead bacteria presence on biofilm formation of C. albicans.
The bacteria were killed at 100C for 30 min. Suspensions of bacteria (O.D. 0.1)
and C. albicans (0.D. 0.1) were added at 96-well microtiter plate. The plate was
incubated at 37C for 72 h. The amount of biofilm formed was measured using
XTT assay. Absorbance at 490 nm was measured following incubation with XTT
(1 mg /ml)-Menadion (0.4 mM) for 3 h. The data represent the average and
standard deviation of three separate cultures.

* p<0.05, *xp<0.01
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Figure 4. Effects of dead C. albicans presence on biofilm formation of live
bacteria. The C. albicans were killed at 100TC for 30 min. Suspensions of bacteria
(0.D. 0.1) and C. albicans (0.D. 0.1) were added at 96-well microtiter plate. The
plate was incubated at 37C for 72 h. The amount of biofilm formed was measured
using XTT assay. Absorbance at 490 nm was measured following incubation with
XTT (1 mg /ml)-Menadion (0.4 mM) for 3 h. The data represent the average and

standard deviation of three separate cultures.
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A Live C. albicans B

G Live C. albicans + Live P. vulgaris H
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1 Live C albicans + Live S. aureus J

K Live ¢ alicans + Live S. pyogenes

M Live C albicans + Live S. salivarius N

Figure 5. Scanning electron microscope images of biofilm formation. Live C.
albicans (A and B), live C. albicans + live E. coli ( C and D), live C. albicans + live
P. aeruginosa (E and F), live C. albicans + live P. vulgaris (G and H), live C.
albicans + live S. aureus (I and J), live C. albicans + live S. pyogenes (K and L),
live C. albicans + live S. salivarius (M and N).

Magnification; X500 (A, C, E, G, [, K, M) or 4000 (B, D, F, H, J, L, N).
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A Live C. albicans

C Live C. albicans + Dead E. coli D

G Live C. albicans + Dead P. vulgaris H
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I Live C albicans + Dead S. aureus J

K Live C albicans + Dead S. pyogenes

M Live C albicans + Dead S.

Figure 6. Scanning electron microscope images of biofilm formation. Live C.
albicans (A and B), live C. albicans + dead E. coli ( C and D), live C. albicans +
dead P. aeruginosa (E and F), live C. albicans + dead P. vulgaris (G and H), live C.
albicans + dead S. aureus (I and J), live C. albicans + dead S. pyogenes (K and L),
live C. albicans + dead S. salivarius (M and N).

Magnification; X 500 (A, C, E, G, I, K, M) or X 4000 (B, D, F, H, J, L, N).
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Figure 7. Relative quantitation of SAP5 (A), ALS3 (B), ECEI (C), and HWPI1 (D)
gene expressions. The expressions of mRNA were evaluated via quantitative
real-time RT-PCR (normalized to house-keeping gene, PMAI) in C. albicans
biofilm formation. The data represent the average and standard deviation of three

separate cultures. *p<0.05, **p<0.01
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albicans T WFIE Wk vlul Al SAP5, ALS3, ECEI, HWPI E5 f+elshAl 3t
23, SAP5 = C. albicans &5 %k Al 1.30|1oU £ coli ¢ &% vl Al 0.6,
P. aeruginosa ¢ &3 vl Al 0.1, P vulgaris 9F 53 91 A] 0.1, S. aureus <F
23t vjek Al 0.8, S. pyogenes °F &3 vk Al 0.9, S. salivarius 9 B3 vjd A
0.8%2 A3t ALS3 = C. albicans &= w|%A] 1.5, E coli 9 &3 vl A] 0.8,
P. aeruginosa ¢ &3 vl Al 0.4, P. vulgaris 9F 53 91 A] 0.3, S. aureus <F
3k vk Al 1.0, S. pyogenes 9F B3 vk Al 1.1, S salivarius ¢ 23 8jSF A
1.32 4238 Y. ECEl & C. albicans &= W %4A] 1.7, E. coli & B3 vk A 0.8,
P. aeruginosa ¢+ &3 vl Al 0.9, P vulgaris &F &3 #l% A] 0.2, S. aureus <F
3k vk Al 0.9, S. pyogenes 9F B3 vk Al 0.8, S salivarius ¢+ 23+ #jSF Al
092 ZA23tk. HWP1 & C. albicans &5 8l%¥A] 1.9, E. coli &+ B3 81 A 0.7,
P. aeruginosa ¢ &3 vl Al 0.3, P vulgaris &+ &3 vk A] 0.4, S. aureus <F
3k ok Al 0.8, S. pyogenes 9F B3 vk Al 0.8, S salivarius ¢+ 23+ 8]k Al
0.8%2 Zadth. 2554 Alate] 27¢d ARt 1.5 ~ 109 o FAdA 23 o

A 2dE Btk (Fig. 8).
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Figure 8. Effect of live bacteria presence on expression of hyphae related gene
on C. albicans. Relative quantitation of SAP5 (A), ALS3 (B), ECE1 (C), and HWP1
(D) gene expressions. The gene expressions of mRNA were evaluated via
quantitative real-time RT-PCR (normalized to house-keeping gene, PMAI) in C.
albicans at 24 h of mixed-species culture with several live bacteria. The data

represent the average and standard deviation of three separate cultures.

*p<0.05
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Figure 9. Effect of dead bacteria presence on expression of hyphae related gene
on C. albicans. Relative quantitation of SAP5 (A), ALS3 (B), ECE1 (C), and HWP1
(D) gene expressions. The gene expressions of mRNA were evaluated via
quantitative real time RT-PCR (normalized to house—-keeping gene, PMAI) in C.
albicans at 24 h of mixed—-species culture with several dead bacteria. The data

represent the average and standard deviation of three separate cultures.
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Figure 10. Scanning electron microscpoe images on indicated catheter materials

inside. Latex (A), SEC (B), 100% silicone (C). Magnification; < 1000.
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Figure 11. Biofilm formation of C. albicans at different catheter materials. The
amount of biofilm (A) and its scanning electron microscope images (B). Live C.
albicans (0.D. 0.2) was added at three different catheters (latex, SEC, silicone in
the 96—-well microtiter plate. The plate was incubated for 1.5 h at 37C in orbital
shaker at 75 rpm. After the initial adhesion phase, the cells suspensions were
aspirated and each well was washed twice with PBS to remove loosely adherent
cells. Then 200 wl of fresh TSB or BHI was added to each well for promotion of
biofilm growth and incubated at 37 C for 120 h in orbital shaker at 75 rpm. The
amount of biofilm formation was measured using XTT assay. Absorbance at 490
nm was measured following incubation with XTT (1 mg /ml)-Menadion (0.4 mM)
for 18 h. The data represent the average and standard deviation of three separate

cultures. * p<0.05, Magnification; X 500.
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C. albicans &5 w&3 T Q7MHE A HZ vlo]lodE JAS SAHIS o

0.D. #te] SECelA 2.913% 7F4 =9kal latexe 2.09, 100% silicone< 1.3°.2 7}

2 kty O albicans 9 AHS Q7MEE Ad Ww 23 ujcksie] nlojo = g
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o]l o ZE YA ALES BE 0D, @& latexolA 0.306, SECoA+= 0.435,

silicone& 0.353% SECo|A njoloZ=o] 7} o] HAFJX T C. albicans =

t=o 7 ujekst Ao HlE] 30 ~ 90% A4St AR =9 E coli #AE ¢

o] &7 ks A9 0.D. < latexoll A 1.308, SEC+ 1.883, silicone2 1.059%

ol @ HE Aol C albicans G522 v]get A (latex 2.09, SEC 2.913, silicone

1.3)o Hl38] 40 ~ 50% ZFA23AXT, E coli A A w3t 0.D. 3t (latex

0.306, SEC 0.435, silicone 0.353)H.t}= 74 Zo] AUt} (Fig. 12).
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g MFIE
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<2 0.D. & latexol A= 0.961, SECE 1.336, silicone< 1.17%
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SEC+ 2.016, silicone2 1.051% O.D. %ol C albicans & @“Eo 2 wjd3dt A
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Aot (Fig. 13).

C. albicans ¢+ P. vulgaris & 7 wi&st 49 0.D. #2 latex 0.355, SEC
0.227, silicone 0.423%2.% C. albicans & Y= % vjkst H9- (latex 2.09, SEC
2.913, silicone 1.3)Xt} 70 ~ 90% ZAstgn A2 =< P vulgaris A 4
o] &7 vkt %, latex 1.492, SEC 1.915, silicone 1.22% C. albicans & @& 2
Z vjFet A (latex 2.09, SEC 2.913, silicone 1.3)° H]&] 10 ~ 30% #A3FI A qk
P. vulgaris A3 &7 wlkst L (latex 0.355, SEC 0.227, silicone 0.423)H.tt=

7 Zo| A (Fig. 14).

>

C. albicans 9+ S. aureus & 7 w43 A5 vpo]oAE XS SHIUS W

. kS latex 0.358, SEC 0.298, silicone 0.5862.%2 (. albicans & W&o w2 wj|

of

sk A9 (latex 2.09, SEC 2.913, silicone 1.3)E.t} 50 ~ 90% 43ty dAz=

=9l S aureus wAE go] A wl¥3I AHF, latex 0.79, SEC 1.598, silicone

0.789% C. albicans & ©E o2 w3t A (latex 2.09, SEC 2.913, silicone 1.3)¢l

H&) 40 ~ 50% 7ASFIAR S aureus A3 A wiFs L (latex 0.358, SEC

0.298, silicone 0.586)X.t}+= 7+4 Eo] AAtt (Fig. 15).
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C. albicans 9+ S. pyogenes %53t it H|g Al npo] L& FA uf
O.D. k€ latex 0.433, SEC 0.457, silicone 0.3770]3, dx8|2 =< S pyogenes
TAE Yo &7 wjdd S w= latex 0.873, SEC 1.126, silicone 0.5832.2 (.
albicans & @522 wjge 3 (latex 2.09, SEC 2.913, silicone 1.3)°l H]3l] <A

gz =9 S pyogenes = 50 ~ 60%, S pyogenes A B3 wjgS 70 ~ 90%

o2 #Ast) (Fig. 16).
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C. albicans ¢ S. salivarius 5% oF W% A] vfoloHE IJA &

i||{
fllo

4 o
O.D. #< latex 0.466, SEC 0.73, silicone 0.3819]1, @A gl=2 =< S salivarius
TAZE C albicans & A AP S W= latex 0.579, SEC 0.925, silicone 0.5332
2 C albicans & ©=2o 2 v]3t A (latex 2.09, SEC 2.913, silicone 1.3)°l #H]&l

AR =9 S salivarius = 60 ~ 70%, S. salivarius 1w B3+ k& 70 ~ 80%

o2 #AsY (Fig. 17).
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Figure 12. Effect of live and dead E. coll presence on biofilm formation of C.
albicans at different catheter materials. XTT reduction assay (A), SEM images (B).
Mixed-species culture of C. albicans with live bacteria or dead bacteria were
performed on three different catheters (latex, SEC, silicone). The data represent
the average and standard deviation of three separate cultures. *p<0.05, **p<0.01,

Magnification; X 500, X 4000.
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Figure 13. Effect of live and dead P. aeruginosa presence on biofilm formation of

C. albicans at different catheter materials. XTT reduction assay (A), SEM images

(B). Mixed-species culture of C. albicans with live bacteria or dead bacteria were

performed on three different catheters (latex, SEC, silicone). The data represent

the average and standard deviation of three separate cultures. *p<0.05, **p<0.01,

Magnification; X 500, X 4000.
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Figure 14. Effect of live and dead Z. vulgaris presence on biofilm formation of C.
albicans at different catheter materials. XTT reduction assay (A), SEM images (B).
Mixed-species culture of C. albicans with live bacteria or dead bacteria were
performed on three different catheters (latex, SEC, silicone). The data represent
the average and standard deviation of three separate cultures. *p<0.05, **p<0.01,

Magnification; X 500, X 4000.
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Figure 15. Effect of live and dead S. aureus presence on biofilm formation of C.
albicans at different catheter materials. XTT reduction assay (A), SEM images (B).
Mixed-species culture of C. albicans with live bacteria or dead bacteria were
performed on three different catheters (latex, SEC, silicone). The data represent
the average and standard deviation of three separate cultures. *p<0.05, **p<0.01,

Magnification; X 500, X 4000.
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Figure 16. Effect of live and dead S. pyogenes presence on biofilm formation of C.
albicans at different catheter materials. XTT reduction assay (A), SEM images (B).
Mixed-species culture of C. albicans with live bacteria or dead bacteria were
performed on three different catheters (latex, SEC, silicone). The data represent
the average and standard deviation of three separate cultures. *p<0.05, **p<0.01,

Magnification; X 500, X 4000.
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Figure 17. Effect of live and dead S. salivarius presence on biofilm formation of C.
albicans at different catheter materials. XTT reduction assay (A), SEM images (B).
Mixed-species culture of C. albicans with live bacteria or dead bacteria were
performed on three different catheters (latex, SEC, silicone). The data represent
the average and standard deviation of three separate cultures. *p<0.05, **p<0.01,

Magnification; X 500, X 4000.
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Abstract

Influence of Bacterial Presence on Biofilm formation

of Candida albicans

Kyoung—-Hee Han
Dep. of Medicine
The Graduate School

Yonsei University

Biofilms are organized communities of microorganism in which cells covered
with extracellular polymeric substances attach to biotic or abiotic surfaces.
Biofilms can cause both persistent infection and indwelling medical device-
associated infection. Candida albicans (C. albicans) is identified as one of the most
prevalent human fungal pathogens.

The aim of this study was to examine the influence of bacterial presence on
biofilm formation of C. albicans, a well-known major virulence factor.

To assess the role of the biofilm formation of C. albicans, we monitored the
formation of biofilm in three different cultures: bacteria, C. albicans, and mixed-
species culture containing both bacteria and C. a/bicans. Also, to examine whether
the bacteria itself affects the role of biofilm formation or other mechanisms, heat-
killed, dead bacteria were cultured in the mixed-species medium. Scanning

electron microscope (SEM) was used to determine the structure of the biofilm,
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and real-time reverse transcriptase polymerase chain reaction (RT-PCR) was
used to amplify and quantify hypha—associated genes (SAP5, ALSS3, ECE1, HWPI).
The formation of biofilms (by C. albicans alone or in mixed-species culture
containing both bacteria and C. albicans) in three different types of urethral
catheters were assessed using XTT assay and SEM. C. albicans cultured with
bacteria had a decreased ability to form biofilm than when cultured alone. Results
showed a 50 ~ 80% decrease of biofilm formation in C. albicans cultured with
dead bacteria.

In a mixed-species culture, bacteria were found in between the hyphae and
yeast form of C. albicans, and the biofilm was thin with low density and
significantly decreased hyphae formation. Compared with C. albicans cultured
alone, C. albicans cultured for 24 hours with other bacteria had significantly
decreased genetic expressions of SAFP5, ALSS3, ECE1, HWPI.

In conclusion, bacteria have a negative effect on the formation of biofilm by C.
albicans. This mechanism is the result of the suppression of genes associated
with hyphae production of C. albicans and bacteria particles physically affected
the biofilm architecture and biofilm formation. Similar results were also found in
the experiment with urethral catheters used in clinical settings, with catheters

made up 100% silicone having the least biofilm formation.

Key words : Candida albicans, Biofilm, Bacterial interaction, Urethral catheter.
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