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Corresponding The purpose of this study is to investigate the correlation of cell surface hydrophobicity
Kyoung-Ho Lee (CSH) and biofilm formation or adhesion in Candlida albicans (C. albicans) and several
Department of Microbiology, Yonsei pathogenic bacteria. All of C. albicans (n=82) and 7 bacterial species (Escherichia coll,
University Wonju College of Medicine, n=25; Klebsiella pneumoniae, n=33; Morganella morganii, n=21; Proteus mirabilis,
20 Ilsan—ro, Wonju, Gangwon—do, n=33; Proteus vulgaris, n=12; Pseudomonas aeruginosa, n=31; Staphylococcus
26426, Korea. aureus, n=31) were isolated clinically. CSH was quantified with microbial adhesion
Phone : +82-33-741-0324 to hydrocarbons. Biofilm formation was determined by tetrazolium salt reduction
Fax @ +82-33-742-5034 assay. Adhesion assay was performed by counting colonies after culture the microbes
E-mail : leekh@yonsei.ac.kr adhered to Hela cells. Although high CSH-expressing bacterial species showed greater

adherence to Hela cells and larger amounts of biofilm formation on polystyrene,

the significant relationships within same species were not shown. In C. albicans,
Received © August 07, 2018 however, strong positive correlations were observed between CSH and biofilm
formation (=0.708; p < 0.05) or cell adhesion (/=0.509; p < 0.05). These results
suggest that hydrophobic force of bacteria may play a minor role in adhesion and
biofilm formation, but CSH of C. albicans may be an important factor for adherence
on surface and biofilm forming process.
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Candlida albicans (C. albicans)y= AHEHH0M ZAREA HU= HEECHE ME 2|

S2159| BHO| 12510 biofim HEHZ ZASICH (2, 3). C albicans®| biofilm AL

QF 7|20 0| £2t5t0d UOojLCt of2] HAE AHAH =t C albicans?| biofilm2

yeast HEf2| Q2 £} hyphae@l pseudohyphae HEH7t A2HH 3 0|20 U2

o 11 HPZ 220 MZ 2| 22 30| 2A5Ht (4). d4 Woll dd=l= biofim2 7t
l:él'
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oHH Old=9 B Fa0l=s, B2 25, 2 g4 oY, 33 & B Yusf, ME B 2A4y(cell surface hydrophobicity, CSH)
&hot= CHo 2910] 2H85ICH (10, 1), @ SOICH 27| CH2 M|

= B 4442 20 NZO ME BR 4442 1S0| 7}
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MATERIALS AND METHODS
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AMICHE W HAFMESHAT|IZHASCZ 1996-1999F AtO[0] LSt B2} H2O0|M 22|, SE5I0 28t C albicans (n=82), Escherichia
coli (E. coli, n=25), Klebsiella pneumoniae (K. pneumoniae, n=33), Morganella morganii (M. morganii, n=21), Pseudomonas
aeruginosa (P. aeruginosa, n=31), Proteus mirabilis (P. mirabilis, n=33), Proteus vulgaris (P. vulgaris, n=12), Staphylococcus
aureus (S. aureus,n=31)8 0|&st0] ALE £AHAUCE

C. albicans= Sabouraud's dextrose (SD, Becton Dickinson, Spark, MD, USA) &t BiZ|0| =510 30TOHIA 18A|Zt SOF HYQFSHY
Ct. £ coli, K. pneumoniae, M. morganii, P. aeruginosa, P. mirabilis, P. vulgaris, S. aureus= trypticase soy St HiZ|(TSA, Becton
Dickinson)0il &&35t0d 37COA 18A1Z SO B oLt

Biofilm 4A4M

Ramage S (14)9] diHe HE5I0] 0|25t C abicans= 50 mM glucose?t &=l yeast nitrogen base (YNB, Becton Dickinson)
HHZ|Of] =350 30COIAM 140 rom22 18A|ZE 2IE BiFSIRICY. £ coli, K. pneumoniae, M. morganii, P. aeruginosa, P. mirabills, P.
vulgarss, S. aureus= trypticase soy 23| B Z|(TSB, Becton Dickinson)Oll ZZ3t0 37TCOIA 18A|ZH SOt HIUSICH & HIYUS
A 22I5t0] QL= EM(phosphate buffered saline; PBS, Life Technologies, Grand Island, NY, USA)2.2 M| ¥ MZSIKCt. C albicans
QF Z+2to| M2 ODgoo 2f 0.12 20| 100 mM glucose?t &=l YNB HiZ|2 3]A45t0] 96-well microplate (Costar, Cambridge,
MA, UAS)0ll 100 Wl @Z5t0] 37C, 75 riom22 1At 302 HHYFSH = platedl| 245t 22 @2 PBSE M|dot0] HAHsHUCH 2t well
o 2tzto| 0l 2= BHZIS 200 ul A715t0] 75 rpm22 7242 HHYSIRCE OJE2AS PRS M2o=2 st & 2+ wellOtct XTT
(1 mg/ml, Sigma, St. Louis, MO, USA), Menadione (0.4 mM, Sigma) 5:1 E&HS 200 pl¥! 2{2|5t0] 10| 2}ttt 37°COIAM 3A|ZE
B2 A|A microplate reader (Emax, Molecular Devices, Sunnyvale, CA, USA)Z 490 nmO|M SZ2CE 2Z5tCt.

MIE HEH ALM(cell surface hydrophobicity, CSH)

CSH £Z2 MATH (microbial adhesion to hydrocarbons) 2H#HS O|23ICH (15). A SD ot HYR|0|| {2t C albicanss yeast
peptone dextrose (YPD, Becton Dickinson) HHZ|0l| ZZ5t1 2 M2 TSBOI| ZZ3510] 37COl|A BIUSIYICE I 18K|2t & C albicans
o 729| M2 A 22/5t0] 345t PBSE 33| MZ5tRIC PBSE 3 miQ| @ BERAE Ik=1 0.8 mlQ| n-hexane (Sigma)s &
Of vortex mixer2 2 90z FF ZIE5I0 EESIRACt 429| hydrocarbon phase2 OlSE MEE A7t Of2f&2l & FRH9
SZ=(600 nm, spectrophotometer, Biochrom, Cambridge, UK)E n-hexaneg *{2|6tX| 942 TiRFO| STt HIWSHOZM Of2f
340 Wet relative CSHE AH&, 245tFCt.

10 ol

(ODggo of Controls) - (ODgoo of Treated Cells)
Relative CSH = x 100
ODeoo of Controls
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Polystyrene B3 £zt

C albicansg glucoseZt 7t YNB HHA|Z 30O Al 18A|2F RIG HHQISH & PBSE M| M M|2{5t0 ODeno 2f 0.12 25 HE

OHO 2 AMESIRICE Z7| B2H2 H&5H7| /510 29| FEUS 24-well plate (Costan0il 1 ml A3t 37COAM 75 rpm2Z 902

HiQ & PBSZ 0|22t 72 |7‘|o|-_T’_ si0jZo2 HaStUCt J2| C abicans®| biofilm &4 & FTRHSIE AHTE7| 5t 27|
= glucose-YNB BHR|E Z7I5H0] 24A12F T BHYSIHA A2t §0|A (IX71, Olympus, Tokyo, Japan)2 2 biofilmS 2+25tRACt.

)
1=D73 (=
—|I- o

MZ 2 MZE B

OME9| MM E22g 30I517| 2I5] AFRE Hela ME= 10% fetal bovine serum (FBS, Hyclone, Logan, UT, USA), 100 U/ml
penicillin & 100 ug/ml streptomycin (Life Technologies)O| &7zl Dulbecco's modified Eagle medium (DMEM, Life Technologies)
2= 5% CO, 37C HEi| && &= HIYV[O|AM TS HIYSHACE

ST|MZE F2

SD &t HHZ|OIA RI2t C albicansE 1% glucose?t E3HEl YNB (Becton Dickinson) BHZ|0l| &30 30°COAf 18A|ZH SO HYQkSH
ATt ZF 7E9| M2 TSBO| HEot0] 37COIA 18A|12F SOt HILSIQICE, HIYE 7S VM2 PBSE & ¥ MRt ATMZERZ
Hela MIZ(1.5x 10% cells / wel)E 10% FBS7} 8t DMEM HHZ|Z 24-well plate (Falcon, Franklin Lakes, NJ, USA)O|| CF AM|ZZ20|
S O7R| IS & O|SaE RS PRSZ H|M5LD FBSQL BHUAIZE H7IE|2| 952 DMEM BIRIZ 1 m H7I5HCt 2t wellofl 2 x 10°
Mol C albicans-t 1 x 10%742] 2t FS HZ5tD 34|17 SOF IQUSIQICE PBSE 3t M5H0| O[22t 0MSS A 25IRUCt ATIA|Z
ol B2LEl C albicanset M2 0.5% TritonX-100 (Sigma € 1 mlS 22|52 iceOllA 1027 £0F AL|MEE 510 LA,
B2C|UE C albicans2t M€ 2} Hi2|0f HA5| 545101 SD ot BR[| TSAO HSsta 37TOA 18A|2t HiRFSHO] Zfet Zafs
£ MIQICt

SAA 2
DE ASE2 M HA 23510 20E B + BEHAZ LIEIHQUCEH EA M2 SPSS software (Version 18.0, SPSS Inc, Chicago,
IL, USA)E 0|23I0 £al5ty 1, ME BEH AL} biofim YMO|LE ATIME 22kt0| ARtaAH = Spearman's rank correlationg

24312 01% biofime FAshe 2
BY

= HEE LEUE 0i? S28 220[ch 2 AF0M Jd22 C abicans, 12|10
o 752 WL A2 HNE b =

249

2443 biofilm &AM 2 MM ZO| E2ts
QUM ZIFOI C albicans 8222 AR3510] ME EH A2M biofilm 34 U ATME B2=2 2451910 ME B3 A4
{2t O| HHEAE BASINUCE. C albicans2| MZ BH £44(0~100%), biofim F&& &%t E5(0.088~3.919),
ATIME 22H5(105 x 10°~186 x 1002 22|18 C albicans #ROICH §2 Y92 CIYst 2XE BCH HZE BH AN
biofilm FADtO| HEAS ARAL 07082 Ui = LIEHIOD ME HEH AsMDE AMIME 22H5E HA| AHZA4 0.5092 H

ME BH ALMNO| C albicnas?| 27| 2210 285t= 7|02 RAKSIDA} polystyrene BHO| € albicansD 90% HiYSID HHHO|
Ho| Bzt HAE HRSIYC S22 M BH ALHE IV C albicans= polystyrene EHAO| 0% 3=

= ?1Y2t 20[E5101|A o 1
g albicans= 9 40% 222|0f QUUCHFig. 24). £t £ M B A44S o

220 Qe B =2 ME BH ApEE 7RI C H
= C albicans?t W2 A|ZF Lo 20 O %2 £9] hyphaeS HA5t1 1 Z0|= A 22=|ACHFig. 2B). Ol Bl= C albicans
of NI BH Al E40| HEAQL HIMSH HEHO 220 2 &S 0|z|s ZH22 Mzt=ct
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Figure 1. The relationship between relative CSH and biofilm formation (A) or cell adhesion (B) of 82 Candida albicans. A positive
correlation was found between relative CSH and biofilm formation (~=0.708; p < 0.05) or cell adhesion (=0.509; p< 0.05).
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Figure 2. Identification of Candida albicans (C. albicans) adhesion with different CSH on phase-contrast microscope images.
(A) Images of adhered C. albicans before and after washing were shown. (B) Morphological change of adhered C. albicans
during incubation.
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Table 1. Relative CSH, biofilms biomass and adherence to Hela cells of indicated bacteria

Bacterial species (COZ'_)' Biowzggjgc;rrn:ﬁion Ad?f s)i(or;(;g c'-flﬁl/‘;ﬁells
K. pneumoniae (n=33) 50.00 + 10.9 0.133 £ 0.072 166.6 + 72.0
E. coli (n=25) 57.02 + 13.8 0.123 + 0.021 159.0 + 80.0
P. aeruginosa (n=31) 66.70 £ 19.6 0.159 + 0.033 183.0 £ 77.2
M. morganii (n=21) 69.31 + 15.3 0.300 £ 0.059 192.5 + 30.8
P. mirabilis (n=33) 75.10 + 18.3 0.362 £ 0.056 2855 + 50.3
P. vulgaris (n=12) 77.48 £ 18.8 0.420 £ 0.050 2075+ 27.0
S. aureus (n=31) 98.70 + 0.85 0.968 + 0.262 966.0 £ 270.0

*Values represent mean + SD

Table 2. Correlation between relative CSH and biofilm formation or adhesion in indicated bacteria

Correlation coefficient (1)

Bacterial species

CSH & Biofilm formation CSH & Adhesion
K. pneumoniae (n=33) 0.067 0.013
E. coli (n=25) 0.037 -0.082
P. aeruginosa (n=31) 0.187 0.049
M. morganii (n=21) 0.406 0.006
P. mirabilis (n=33) 0.180 0.002
P. vulgaris (n=12) 0.037 0.020
S. aureus (n=31) 0.207 0.043

Ho= HAN N 7232 EH**OE NI BH A~841 biofilm &4 L ATME 2258 2Y6I¥0 ME BH Ap0gY
2t O 782 M 20IM M. morgani®] ME BH A4M(74.31 + 15.3%)2} biofilm
40| 7ty =AU AEAlE= 04062 1 9|0(7F 32| U0 LIHZ| MTS0|M= 2.t
2 T HEH ApH MTOME 22000 AmA4E i Hot ZE MZFOoIM O HadE 203
OIRACHTable 1, 2). J2fut 1|£“3f5f 2 ZZ0| LIEfls ME B A4M0F 245 biofim &4, AT|MZE 22h50| WAZLo| At
Hee= 22 0.661, 0.64822 Q9|5 A2ES LIEHHRUCHFIg. 3).
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ME=E FM35H= lipoteichoic acid, lipid, LPS2} teichoic acid 50| 2235t A 29I

HIT_'LOI MZ BHH A2 o=z 2gsl ,
16). 22|12 HIE—I g2 Y2 Mol M BH AeM0|2ke §4 020z CHYst 27t 8 A8 ME BHEAE2 7 &
=l = pili,

Ofch Z=&te(of Qe 4 H&1 Yol Tt282 2t #Z0i0h 27| 2 MZE BH A48 LEL
flagella & fimbriae®t 22 ME EHM F2E0| BH 22t 270 4 S25tH 2-Es6iCt
ZMZO| HHO|| 25i%|0f %lE collagen, Iamlnls elastin 52| o8] 242 24 A5t
ze T.__'Lo |—H HIT_'LOHH bl O 25t MZ EH A4ML biofim M1t &30 ATME H2ts50i= A2l 2

s —.F _%-QI et BHEA0| ofst ME HH A4HE biofilm &4at 539 MTIMZ £
L o]

ri_
a
o
u
X
Hr
= qun

SHH MI72Q| biofilme @7t 1A EBHO| 22510] SAIGIHAM BHS0| 2H|gl= ME 2| 28| (extracellular polymeric substances)
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Figure 3. The relationship between relative CSH and biofilm formation (A) or cell adhesion (B) of bacterial isolates. Regression
analysis demonstrated a significant positive correlation between these two parameters (/=0.661, p< 0.05; =0.648, p< 0.05).

£ 072 OHEZIA otof YM510] SER biofimS FASHAH EICt (22~ 25). d2iLt C albicans®| biofilm 7= yeast HEHE 713
7|4 &nt hyphae pseudohyphae YE{Z O|R0{2 HL27t M2 DX HoiUe= 3aHA 2ZE ot 910'31 (26), hyphae &’
2 99| &2 F29| biofimE PtEEL| 042 SL35ICt £ hyphae &2 ME B 4240 W o 0| LIEHLA EIC 013 2t
o7t C a/b/cansoilHOI ME HEH A4d0| biofilm H/-4ot AT|MZE 2210 M= CHEA 486t 2010 2 4 ULt

—v—_,_

ZEHCZ Mo HE B Apd2 JTUIME 2210 biofilm F-Q0 F2[5HH &S| 22 Mol #F UolMe 1 32| 2t
0|7t 32| gt 2Lt C a/b/cans‘ll =2 NE BH 2082 HTMZE 2210 biofilm &4 HHolM 45| 225t 242 285t
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