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Candida albicans is an opportunistic and the most prevalent fungal pathogen that can cause superficial and systemic
infections in immunocompromised patients. C. albicans can promote the transition from budding yeast to
filamentous form, generating biofilms. Infections associated with C. albicans biofilms are frequently resistant to
conventional antifungal therapy. Therefore, the development of more effective antifungal drugs related with biofilm
formation is required urgently. The roots of Rheum undulatum have been used for medicinal purposes in Korea and
China traditionally. The aim of present study was to evaluate the effect of R. undulatum extract upon preformed
biofilms of 12 clinical C. albicans isolates and the antifungal activities. Its effect on preformed biofilms was
evaluated using XTT reduction assay, and metabolic activity of all tested strains was reduced significantly (49.4 +
6.0%) at 0.098 mg/ml R. undulatum. The R. undulatum extract blocked the adhesion of C. albicans biofilms to
polystyrene surfaces, and damaged the cell membrane integrity of C. albicans which was analyzed by CFDA, AM,
and propidium iodide double staining. It caused cell lysis which was observed by Confocal laser scanning and phase
contrast microscope after propidium iodide and neutral red staining, respectively. Membrane permeability was
changed as evidenced by crystal violet uptake. The data suggest that R. undulatum inhibits biofilm formation by C.
albicans, which can be associated with the damage of the cell membrane integrity, the changes in the membrane
permeability and the cell lysis of C. albicans.
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W)t} (candidiasis)& A2 2] UZ2l Candida Zo| 2|5t
A8 AEe=, #Q4F FEY o3 (oral thrush), A
(vaginitis), 7|47 WA, AE@T ARY 4G ALHAZ
(candidemia), B3} 432 A%-0 2 WAR Candida= ¥
A FEY 2 AAF o EA, JEH At FEY 90% ©|
Ayol C. albicans, C. glabrata, C. parapsilosis, C. tropicalis, C.
Kruseiol) 7]15}m, HAE L) Cio] <3t AFFE-L 40% ol
of o]2 Ao 2 HE o] Qlth(Pfaller and Diekema, 2007).

FE o] AHtjthE ERo| A WA= C. albicans® 7753t A
ol Jut A F o2 A, AZeE Aol AP AU &, Z7)0)4,
AIDS L= g 59 SR wedeo] ofshel Fhake] TAY
AT WS BE WA BRAAS SRl 75T
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wo]thOdds et al., 2001). AHTHe] HEFL TF A A=
Sof] A=, "ol of3bE Atol| A RIMsHA LAHE. C.
albicans’= A%, 7}t AHpseudohyphae), FAF2] A 712] HE)
2 1ed 4= Qs o] 9o, ol C. albicans?] F83t =4
QIR &FR Ao Bt A Yst=t| 493}t}. C. albicans
P lRg YEVE, FU sheeh, £70] 2T 2L g )
AEH Er A2 B0 Rafslo] o] 2 BEL FAalE 5
g E3 5499102 g3t (Douglas, 2003; Ramage e al.,
2006). C. albicans®] wA= Hlo| @8 5-& FAdst] M=
ol AYA TR ALt SRAL AulE Bt
AL BE BARAOR 230 AgHo] BrlsE mRYol
U #ARE 9| C. albicans= F/80] oF%t 202 HiEo] qtk
(Braun and Johnson, 1997; Whiteway and Bachewich, 2007;
Thompson et al., 2011). ©] Hfo| = <F2Z2 AL Ejjsle 232
Eo0]3] 7|Eal| G429 aspartyl proteases@} phospholipasesE &

;




Aote 58, 23 A3, J Fejet FAAA Y 2ol & e
U= £8% 293 (phenotypic switching) 52o] S4Q221S
2 g5, 0|59 54 E5o] A thekzt g olv
C. albicansg X 523}7] 915t FZFA| o et 5ol 7| A=
Ao 2 Hlt(Calderone and Fonzi, 2001; Haynes, 2001). C.
albicans®t TAE hFEO| Aol A Hlo]2FFo] TAE o]
Qe AoZ HAUET 91, HFo|HEL Candidal] SAAZ2
Zhgsto] 5520 HAAAIE 3usta thE HUA|=HE Y F
A7 M= ABESHA & 4 A Frh(Blankenship and
Mitchell, 2006). £3] C. albicans®l 2|3l FAH vlojodEL
A9t o 2 thek3t 3Rl Al o ek WS vetl7] w2l &
R 0 2 AMGSHe FRIAAIE A& 02 AME 4= §IA sk o
222 7I5A17]21 It Ramage et al., 2005; Shapiro et al., 2011).

AR AR JFFY A 7ol AEE= FAAAE 2HE- A
YEol wat Mlzut 755 "I 7AW 34t F44E A,
ergosterol TS A3 E+= glucan FAAS A= Y| 7HK] H
22 U= 4 Ythk(Perea and Patterson, 2002). At =4 |7k
FAH R ALSH A ABA R = Zot A Z2H] ergosterol o]
Afste AZGE opr|she dxH A B 22 AR
polyene©| 11, Z|Lolli= azoles AF 2] AXFA7} G A
FA2 ] AR5 QItk(Oliver et al., 2008). 12| azole A
g XA Y vrEAolm FHARE ARS-(White ez al., 1998)3}
Candida®] &7 ¥i3}o] tigt Hold g2 Qg A
T £9, A7 AN A B, U7 Aol A 9 Azt H
Zhg0 2 Aol gt A 5e 23 g4 @2 Aot o}
A E40] R A& 2t $2 A2 FHAAA Y ol
AASHA 8= gt T v e ARE g 2us
Ql A 2E HAS A e 02 HAAENA 7]9ret 3ighEo] Ak
HEY o|EFE B e, I olf= ol & RtEEC] A
Zdol digk 25 E o2 Y8 2 AL FH R aHoR
de] ARg-E o] QPHEsttaL o A=) 7] WjZo|th(Guarrera, 2005).
£ Ao A= oA 7| AHRE SHAL}E 2HA R 231 §le
o o2 742 Aol wigkste] AMESER Yl S AR
2 ARESFATH(Yu ef al., 2008). FH=3t}k S0l A AHAY = iR
(Rheum undulatum Linne)-2 t}t]E3H(Polygonaceae) ol £351=
A R0 AEAY|9 SAH A 679 A BL
o] Yo AAE AAT T RS oF§-o= ALES}
I e} oo S92 anthraquinones} anthraquinone Wl ¢1
aloe-emodin, thein, emodin, chrysophanol2 &2 Az o] A
A& A AgH(Huang et al., 2007; Choi et al., 2011). 181} &
it 2 gt FFAQ A Eae vt it

£ =72 R undulatum?] gE& FEE0| AdthF A=
25E B9 vho| 2B E F4 Candida w50l 3l L3+ &
vlo] e "E 528 Yeln, CFDA, AM (5-carboxyfluorescein
diacetate, acetoxymethyl ester)} propidium iodide ©|5 FA,
neutral red9} propidium iodide © 2 Z}z} A%t $.9] o]u]x] B
A& £33l R undulatum©] C. albicans A Z5-& £AMA] 7)1 A
Zo) §aj2 FUTHS HolZ9lrh. t2o] R undulatumo] <13}
C. albicans*= crystal violeto] T3t 4&0] Z71= it wat

2] C. albicansol gt F=x1d L4 361

A B Aol ke R undulatum?) Futo]| @ IE o] C.
albicans®] BRI/ W3R 15t Q)& W}t 123 A &3
2} o] Qo R undulatumo] 2L FA A 7ol thst
EFT FEHEL 7S 7THE AlARRET

THE L

1
W

L

AE Bolo A A= tIBHR. undulatum Linne) 2] AZ
Ba]&£7]& jchanbang.com (Korea)ol| 4] Ftull3t3ith. 30 g9

N o

=5

it

& 600 ml9] 95% ofehZol B7} 24A17F Fet Ao A £
3 $ 2,000 x g2 2087t YRSt A2 A5HE ZF
B27)2 719}, B2 A|7|EYELA, Japan) SAAZS}0] 525 ¢
(& 17.5%)% At &) ollghE F2E(018}F R undulatum)
2 100 mg/ml2] =2 dimethyl sulfoxide (DMSO)¢] =21 &
0.45 um filter2 o3}s}e] AL A7}A] -20C of) B34 ch.

o U Uy

Candida albicans (KCCM 50235, ATCC 18804), C. glabrata
(KCCM 50044, ATCC 2001), C. tropicalis (KCCM 50075,
ATCC 750), C. krusei (KCCM 11426, ATCC 32196)= &h=n]
AlE HEZAE(Korean Culture Center of Microorganisms,
KCCM)oll A EFitot ALg-stiet. AT ths A2 RE He
H 12 C. albicans #5-5 vto] LFE A g of ARE-5}% .0 (Park
et al., 2009), H}o]| 2L E A&-2 A 25t nE Ao C. albicans
ATCC 18804 AMg3tgth RE #3=-70C o] 23tz da
Al YM agar = YM HA) R of| 4 AlculF = AH&-5HHTE

F|A Ax|l=E=(Minimum Inhibitory Concentration, MIC)

BRI A4 HARE CLSI M27-A3 1]=F3] 41 (2008)of] =
2t =35 o MICE= 43 o] @A 8] hE= 7MY R 5
2 ZAAstath MIC= 33]9] 4] 5 243 23] dX|skAL 35
2 7 =28 7S QAsktt R4 )RS 2 amphotericin B
(Sigma, USA)Z ZFA| AT

HIO|REE &Ml R undulatuml| SHIO|QEE =M =F
ol = A2 XTT [2,3-Bis-(2-Methoxy-4-Nitro-5-
Sulfophenyl)-2H-Tetrazolium-5-Carboxanilide] S E A
(Ramage et al, 200 M3 5he] Z45ck I ThE Bxpol
A B2t 12 C. albicans d5) tigt di=7]9] vigAE 5%
glucose”} A 714 Yeast Nitrogen Base (YNB/Glucose)o] 2%
1 x 10 cells/ml2 3|43} ch. Flat-bottomed 96 well plate]
3|4 E C. albicans ¥FHNL z+zF 0.1 mI& B11 37°CollA] 34
7+ vt C. albicans7}t Blo] @ BE-S PAJ3HA sHglct &
A9 C. albicansE A|A3FL 0.1 mle] PBS (Phosphate
Buffered Saline)?} 0.1 ml YNB/Glucose2 Z+zZF 134 313}
tt. 24 xS E3sY 0.098 E+= 0.196 mg/mle R
undulatum©] Z3HE 0.2 m12] YNB/GlucoseE ZF wellof o]
z27|4A vlo]leHEo]| gt R undulatum FZ52] As|ax}
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B AT SE7F RASE 244 24412 B2 37°C
A BloRt F vhol o BE Y| HEAS XTT FUEA) ureh
Zsksich XTTR 2457] 2 2AAES PBSE 70| ¥
218 biofilme] Thet £ s om, BE AL 6y

23] B43heih HlolElis 28] A $9) SHhE Lhehuic,

C. albicans®| E2|AE[dl BH 20| gt R undulatum
o| &g

44=719] C. albicans ATCC 18804 v]FH-S YNB/Glucose
o] 2% 1 x 10’ CFU/mI& 3]43}¢]t}. Flat-bottomed 96 well
plate®]] 0.1 m12] 3] ef& W1 37 CoA 3A17F 53t v st
C. albicans7} ¥}o| L 5 FAJ5HA stglch. F7 el an
£ 2ALHA AAS 4 x2S 2Fste] 0.098 mg/ml
R. undulatumo] 3E$HE 0.2 ml2] YNB/GlucoseZ Z}F wello]] @
o] 37°Cof| A w3ttt 24X & RR{AZE ZALHA A|
Aska 0.1 ml PBSE 33 & F|Agz vigo] 224 C
albicansg $1AF @073 (Olympus CKX41, Japan) & S3|| 4]
B tHKim, 2013).

Time—kill assay

Time-Kill assay= Klepser (1998) <] HIH-& & 3}o] A}-2-5}
Atk =719 C. albicans ATCC 18804 Hj2FH-2- RPMI1640/
MOPS (pH 7.0) HiZ| = A}g3}ed 2 x 10° CFU/mIZ 3|Alat &
N2FES Z335le] £ S % 0.098 mg/mle] R undulatum-2
W11 35°C, 200 rpm 0.2 WjoFstAT). Aa)A Al7huket 0.1
mio] wjoFele A) Foo] §7 302 <t Wiks}o] Bot 4
o] A%d aRE Estith 2 AITMER Aqos S5 Al
2o 58 24 T 2RS2 498 48t 349 0.1
mlE YM agar plateo]] =5}od 35C ol A 24 A|7F w3t 5 3
ool 248 7185190 A9l BEES BT g R
undulatum& 32 A @] WE g0 g o|E &= duplicateZ 3
5 o4t $AlE AT S0 SR A RS ehic,

CFDA, AM/Propidium iodide A

H4=719] C. albicansE YM BjA2 FHZE %= 2 x 10°
CRUJmIo] HE% 8|58 5 94 t|228 Edato] 4% 5=
0.098 mg/m12] R. undulatum-& 2o 35C, 200 rpm o2 3A|7+
L 47 Bt Aeerstet. 1 mle] wjefelg 12,000 x g
2 1327 JaReleh] A5 AAT F 1 mle] PBSE A
AAEL =0 13] washingd}gc}. A Z AAEL 50 ul PBSE
9] & 10 mg/ml CFDA, AM (Molecular probes, USA)¥} 10
mg/ml propidium iodide (Sigma)E ZtZ} 1 ul& doj Ak29] o]
2 3ol A 3027 FARE £ triple pass filter7} 21 F3d
1] 7 (Olympus IX51, Japan)& 53f #25}% )

Confocal Laser Scanning Microscopy

YNB/glucose B Z]o| A Z}gk t<=719] C. albicansE 2 x 10°
CFU/mlo] H== 5]43%t & -84 t)27-7}0.25 ng/ml amphotericin
BE Y& JA =2 2§51 0.098 mg/mle] R undulatum

< 991350, 200 rpm © 2 4A7F HefujFat et 1 ml2) vloF
HE 12,000 x g2 187F AH £t FHE AAT F 1
mlo] PBSE £r&o1S w3ttt A2 I AES 50 ul PBSE
HEFSE 3 1 ul9] 10 mg/ml propidium iodideE ¥ o] 1087t |

At & 327 go]|A #u]7(Olympus FluoView 1000, Japan)
2 AMgste] @33 olujx|9} DIC (Differential interference

contrast) ©]0] XS At

Neutral red Aol o5t 2M

™4=719] C. albicans ATCC 18804 (1 x 10° CFU/ml)
o]l 0.098 mg/m12| R. undulatum-2 &g+ 3 35°C o)A 200 rpm
© 2 ZgHorstATE 4A17F 3 12,000 x g2 187F YAl Ea]s)
o AZ JHEL 3438 & 1 ml PBSE Z8NS w3319
th PBS (50 uhE AZ JAAHES st 22 49 5 mg/ml
neutral redE g0} 108 & YJAA}F & u]7 (Olympus [X51) 2
Bl

Crystal violetOl] 2|St BIEDIM HAM

SrEIL] W3to] gl 242 Vaara2] BH(1981)S HEF s}
of BA319 T} C. albicans ATCC 188042 &+ A2H2 5 mlQ]
YM HA )R] of] FgF3ted 35C, 200 rpm 22 16A]7F 52t g
HjoFsl T 12,000 x g2 187F YAl Ba]ste] d2 NELHE
2 33749 0.5% NaClZ 23] washingd}o] $Z0-S mglalgc).
HZ AFEE 1 ¥ 10° CFU/mIo] H =& 2he golo 2 Hets)
Fot d2EL EZFste] 0.049, 0.098, 0.196 mg/ml R
undulatum-& go] 35°C, 200 rpm 2.2 7A|7F S<t At oFslg
o} 12,000 x go] £=2 4ToA] 187 YAlE o] A2 C.
albicans N|ZZAES 10 mg/ml crystal violeto] Z3+H 0.5%
NaCl g0 2 ggste] 35CoflA] 200 rpm 22 ZIulFatS]
ot 1082 § 12,000 x g2 587 Y42 dte] A2 A5 of
3t 590 nmof|A 9] &34 =E microplate reader (Tecan Infinite
200 Pro, Austria)E ARE-5Fo] 2743}t Crystal violet -84 9]
Asos 100% 2 7HEsto] AL crystal violetol] gt F4&
(%)= (Asoo of the sample/Asoo of crystal violet solution)*100
9] FAlof w2t ALkt HolE= 33 A5 sholw Z+
%A= duplicate 2 &7 gk B7h-S Lehdtt

SHEM

RE AP 23] B33 WHESHE o BARAL ttest 2,
TE7Fe] AFo]= Paired t-testZ Sigma Plot 10.02 o]-83}o] £4
313}, PgLe] 0.05 mRtY o) FAIF 2 Fog A o= Wttt

[~}

29l T

ATkl Al §1<10] S 4744 Candida %) et
R undulatum o&t-2& 2&E9] 42+ 42 CLSI M27-A3 1]
oA o uwet EXA5tckTable 1). R undulatum®] C.
albicans ATCC 188040] Tjat MIC= 0.098 mg/ml©] g3, £4]
of| o] 83+ F& #F C. glabrata ATCC 2001, C. kruse ATCC



Table 1. Minimum inhibition concentrations (MICs) of the R.
undulatum ethanol extract against Candida spp.

MIC
Candida species R. undulatum  Amphotericin B
(mg/ml) (ug/ml)
C. albicans ATCC 18804 0.098 0.25
C. glabrata ATCC 2001 0.098 0.13
C. krusei ATCC 750 0.098 0.25
C. tropicalis ATCC 32196 0.196 0.13

7509 gt MICE 0.098 mg/mlE YEelHT:. C. tropicalis
ATCC 321969] 3t R. undulatum ] MIC= t2 Candida %
o] H]3] &2 0.196 mg/mlE et AA|E Amphotericin B
o] MIC®} v gtthA R. undulatum o\eh-2 2Z5-9] Candida
Zof tigk MICE= 9 4008 =2 Zh& Ui o, 857 A&l
A FE3 E29) C. albicans®} Aspergillus nigerol] T3t MIC
7} 0.5-0.9 mg/ml (Mathur ef al., 2011)0] 31, 2352 k29| .
albicans, C. glabrata, C. guilliermondii, C. krusei, C. parapsilosis,
C. tropicalis®l| tgt MIC7} 0.1-0.5 mg/ml (Rukayadi et al.,
2008)21 A3} v|wdtcHH, R undulatumS A3 431 317l
F RS e o BaEt. theo] AT BE Ao
A= C. albicans ATCC 18804¢] th3t R undulatume] MICQI
0.098 mg/mlS &-&3} 3t}

Hto] e I ol AlZEo] FEAU HIBEF EHo| F2HE
| PE DO R 0|52 55 DNA, Tild = o= 29
A|3E9] ZF-EZ(EPS, extracellular polymeric substance)ol] &
& Stk C. albicans vlo] L BE0] FATGA = 27](eF 0-114]
b, F71(¢F 12-30A17D), 4571(¢F 38-T2A17H & U= 5= 31,
2wy C. albicanss A7t HjFRE Fofl= Hlo] I E 9| 7]

Table 2. Relative inhibition (mean + standard deviation) of biofilm
formation in 12 clinical isolates of C. albicans after treating with the
R. undulatum extract. Metabolic activity was assessed using the
XTT assay measuring the absorbance at 492 nm. Relative inhibition
of biofilm formation was calculated as 100%(1-As with R.
undulatum/As49, without R. undulatum). * P < 0.05, ** P < 0.01.

Concentration of R. undulatum (mg/ml)

C. albicans strains 0.098 0.196
Inhibition of biofilm formation (%)
1 74.6 £ 1.6%* 749 £ 1.5%*
2 43.9 + 6.8** 64.8 £3.0%*
3 70.1 +£2.5%%* 76.1 £ 1.5%*
4 58.4 £ 1.4%* 59.7 £ 1.5%*
5 53.9 +3.6* 54.1 +£1.8%
6 42.0 +£2.0* 46.7 £ 4.0*
7 744 £ 1.1%* 78.9 £ 0.7%*
8 21.7 £2.9%* 26.9 +£4.9*
9 50.8 £ 4.1%* 60.0 £ 2.0%*
10 30.9 £ 4.1%* 40.3 £3.1**
11 73.4 £ 1.5%* 74.7 £ 1.3%*
12 46.2 £ 1.9*%* 50.5+ 1.8%*
Mean 49.4+6.0 63.2+6.5

2] C. albicans®| 3t F2F 24 363

GAQl ol AR (microcolony) 2.2 TAEtH(Chandra er al.,
2001; Ramage et al., 2001). & A3 2] vlo| e PEof ALEH C.
albicans QAAFE ItthE I 2 HE BEad vlo| e IES
FAohe vgo] & MujoloBE FE2A, 050 29 ¥
AE 2719 Ho| 2B Fof| R undulatum-g A3t T o] 50]
24012 B3t FASHE vlolo B FS Rz} vlmelel
XTT U430 2 24590k, XTT B8-S Aojoli
Az o] n|EZ=g|oto] B G A7E XTT tetrazoliumS 53
o] ¥ formazan O 2 B 7| FS 490 nmof| A9 &
B (Aw)E 243H= Whgolth(Hawser, 1996). 12%9] C.
albicans Ho| LBE P4 FFE0| At 5 BT HiolL
ZE9] 0.098 mg/ml¥} 0.196 mg/ml R. undulatum®l| 2417+ =
EXZ = 229 C. albicans BHo| LB E9] ABAHE=E 54
SE) ZH2F B 49.4 + 6.0%2 632 + 6.5%°] YA =S}
A= %13, Paired t-test2 EASF J|273}9] Xfol= RE S
oA 95% E= 9% FEoNA F-2/4d& UEhlth(Table 2).
w2bA R undulatum-2 C. albicans®) ¥}o| QL& A4S At
3] AAot= EAS Z6IL U= & = 3t

R. undulatum©] C. albicans2] ZT|AE]d FH F 2o m|x]
= TS gotry| 8l 3A17E 52t A C. albicans BFo|
FEof 0.098 mg/ml R undulatum-& X T|THR] 24 X7k Zof &
2| 2E]3l EHO| H2HE C. albicans M| ZE9] S A&
U7 Sl 245 AtHFig. 1). Fig. 1Boj HoA|= e} Zho]
24 A7t E%Y R undulatum® =2 vio| 250 79 FAbE
AZEQ 4 H&o] A F2 AS T 4= UL
Table 201141 Lhehct Aok AF5s) AX|SH 2 & 4= Ik

R undulatum-& 211 w3t C. albicans®] A7 =2 =3
JHAIE colony countH o2 EASIGTHFig. 2). A7 B¢t R
undulatum®l] =25 C. albicans®] BEZE-229.4 £ 3.3%°|%]1L,
22X Z o] AEEL19.5 + 1.6% 2 0.098 mg/ml R. undulatum
2 C. albicansol] 3l 24A7F & AEE0] 99.9% 1Tl FAF
A (fungistatic activity)& YEFHTHKIepser et al., 1998).

R. undulatum©) C. albicans N30 ]| X]&= a3g #2s17]
A3} 3A|17F B2 R. undulatumol] =25 C. albicansE CFDA,
AM3I} propidium iodideE FA|oll FMA|A triple-band pass

R undulatum
Fig. 1. Effect of R. undulatum on C. albicans adhesion. C. albicans
biofilms formed on polystyrene surfaces for 3 h were incubated
without (A) and with 0.098 mg/ml R. wundulatum (B). The

non-adhered cells were washed in 24 h and microscopic images of
the adhered cells are shown (x400).

No treatment
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Fig. 2. Relative viability of C. albicans after treating with R.
undulatum. C. albicans cells (2 x 10* CFU/ml) were incubated with
shaking at 35°C in the absence and the presence of 0.098 mg/ml R.
undulatum, and a colony count assay was used to determine the
relative viability of C. albicans. Error bars represent standard
deviation (n=2).

filter7} A2+e FFAvHE Sl WaAstATE CFDA, AM2
AJazate] b7 (integrity)ofl ™t x| #(indicator) 24} Az}
2 B0 5 9 esterase?] 7] M|tk AEY ¥ So|He)
esterase®]| 2J3] CFDA, AM 2] diacetate group®] 3= HA =
43 9] CF (5-carboxyfluorescein)& FAJSIAL o] &= 2EM 9] g4
S g A zdke] E4Fo] e A I 249 CF= Al2dt
= Tste] Alazdre 2 fA U 4= Slth. Propidium iodide=
Ajazato] EAAEAU 7]5-& WA Zohe 9ol AlZes
FIsto] AlEZU 9] DNAY RNAY AHIHER 2 AZ& &
o M) Y22 WrkEdiding 1970; Krishan, 1975). 1822
CFDA, AM1} propidium iodide2] o] FMH-L A|zlo] &
) b Aotlt 28 A0| HES A Euto] £AH o] FE
2o Ho] AEE FRAME WHOR o $ET ik Fig. 30
HoA| = vpe} o] 22 AlZE AAoA 2 2549

R. undulatum

No treatment

Fig. 3. CFDA, AM and propidium iodide double staining. C.
albicans cells (2 x 10* CF U/ml) were incubated with shaking at 35°C
in the absence (A) and the presence of 0.098 mg/ml R. undulatum for
3 h (B) or 4 h (C). Microscopic images of C. albicans cells stained
with CFDA, AM (green) and propidium iodide (red) were viewed by
fluorescence microscope with triple-band pass fluorescence filters.
Aggregates of propidium iodide-stained DNA and RNA are shown as
indicated by a yellow arrow. Scale bar, 10 um.

We Welel olEo] Aot Ik AZT AZEYS vhehick
2} R undulatum- 2|3t A T(Fig. 4B)ol| 4= propidium
iodide7} g5}l & Me] g Wt A7} wol W
AT 22 HTE 2o ATSHT B3] ofo] He
73971 wotth 24 A7t B9t R undulatumol =% C. albicans
o A Ry Sujgt 2249 FFS T 02 BAH
thA=E BAA]. o]= R. undulatumol] 23t C. albicans H|3E2:
o] &Aooz AEU 9] ojH FEO FE5 0] esterase”} 55}
L A=z g4 ol MEtE Qg esterasel] EAJo] o2 vreht
A ZPAY, Azeto] REA T A &f(ysis)E
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Fig. 4. Membrane-damaged C. albicans cells revealed by the
propidium iodide staining. C. albicans cells were incubated for 4 h
in the absence (A) and presence of (B) amphotericin B (0.25 pg/ml)
or (C) R. undulatum (0.098 mg/ml), and fluorescence (red, left
panel) and the merged images of fluorescence and DIC (gray)
micrographs (right panel) are shown.
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Fig. 5. Neutral red staining. C. albicans cells (2 x 10* CFU/ml)
were incubated with shaking at 35°C without (A) and with 0.098
mg/ml R. undulatum for 4 h. Microscopic images of C. albicans
viewed by contrast microscope are shown. Scale bar, 10 um.
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Fig. 6. Uptake of crystal violet by C. albicans treated with R.
undulatum. C. albicans cells (1 x 10° CFU/ml were incubated in the
absence and the presence of 0.049, 0.098, and 0.196 mg/ml R.
undulatum at 35°C for 7 h and harvested. At zero time, 0.5% NaCl
containing 10 mg/ml crystal violet was added to the C. albicans
cells and incubated at 37°C for 10 min, and the crystal violet uptake
(%) was measured as described in ‘Materials and Methods’.
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