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Species-Specific Differences in Rhodamine 6G Accumulation of Candida Isolates Detected by Flow
Cytometric Analysis

Chang Jin Moon, M.D., Jong Hee Shin, M.D., Da Woon Kim, M.D., Seung Jung Kee, M.D., Soo Hyun Kim, M.D.,
Myung Geun Shin, M.D., Soon Pal Suh, M.D., and Dong Wook Ryang, M.D.

Department of Laboratory Medicine, Chonnam National University Medical School, Gwangju, Korea

Background : Fluorescent dye Rhodamine 6G (R6G) is a substrate of multidrug resistance pumps
and its accumulation is reduced in some azole-resistant Candida isolates with the upregulation of
multidrug efflux transporter genes. Despite reports on species-specific differences in azole suscepti-
bility in various Candida species, only a few studies have been reported on the R6G accumulation
among clinical isolates of Candida species. In this study, we compared R6G accumulation between

six different Candida species.

Methods : The intracellular accumulation of R6G and minimal inhibitory concentrations (MICs) of
three triazole agents were investigated in 48 strains of six Candida species (14 C. albicans, 9 C. tropi-
calis, 8 C. glabrata, 8 C. krusei, 7 C. parapsilosis, and 2 C.haemuloni). R6G accumulation was mea-
sured by using flow cytometry and the geometric mean of the fluorescence intensity (GMF) was used
to compare the accumulation between the Candida isolates.

Results : The GMF values for the C. tropicalis, C. albicans, C. krusei, C. parapsilosis, and C. gla-
brata isolates were 167.3+18.5, 126.9+6.6, 88.5£18.5, 50.8+7.0, and 38.1£3.9, respectively.
C. glabrata had a significantly lower mean GMF than all the other Candida species (P<0.05). While
some Candida strains with trailing growth phenomenon and increased fluconazole MIC did not have
areduced GMF, three Candida strains with increased MICs to all three triazole agents had a reduced

GMF.

Conclusions : This study found species-specific differences in R6G accumulation in Candida. In
addition, the intracellular R6G accumulation can be used to investigate the drug efflux mechanism
in azole-resistant Candida strains. (Korean J Lab Med 2009,29:127-34)
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SOl ot Ho= viEEs AR dPA il wEbA azole
Wde 853 A o 5 S A S Eol
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A7HA A2 R6G 52 HARE 25429 azole W/ %T(Can—
dida albicans, Candida glabrata & Candida tropicalis)ll
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Aol RATHT-101.
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o 7ok £ 48524 2% 4 A9 327, 8 4
Bulol 13 7]|3RA] SolH 1504 B

F 0% ¥ 4052}
ATCC 3= 5 8520190tk QA HAloA EejH e

FHE C albicans 125, C. tropicalis 95, C. glabrata 75,

Candida krusei 65, Candida parapsilosis 55 % Candida
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haemulonii 15+ 5]t} tiAF 52 ATCC 5= C, albicans
255(C. albicans ATCC 90028 ¥ C: albicans ATCC 64550), C.
parapsilosis 25+C. parapsilosis ATCC 22019 2 C. parapsilo—
sis ATCC 90018), C. krusei 25(C. krusei ATCC 6258 ¥ C,
krusei ATCC14243), C. glabrata 15(C, glabrata ATCC 90030)
4 C haemulonii 155(C. haemulonii ATCC 22991)%tt,

1) STTH Z

¥
N
>

! voriconazole©] tite] CLSI
A o] ml M27-A2 broth microdilutionH 2.2 AJ&a}Ack
(13, 14].

Fluconazole, itraconazole 3

2) M= ReG & 24

Yeast extract—peptone—dextrose complex medium (YE—-
PD, Becton, Dickinson and company, Sparks, MD, USA)
A= £ 50 g& e 1,000 mLell =o] RhEqith
R6G 892 Rhodamine 6G (Sigma, Steinheim, Germany)
0.05 g dimethyl sulfoxide 100 ¢LE %7}sto] THESIC).
W5 Sabouraud dextrose HjZ]¢f| 35°C o] 48A|17F vjeFste]
YEPD broth 12 mLell &4l 16417} vkt & AlHskglct,
Phosphate buffered saline (PBS) 900 uLell w9 100 uL
A Z7k8te] 600 nmolA SFEE S4% F AESE 1310
cells/mLE 9=3lt}, 35C oA 2417t 5t E5HA] viggt
T R6G 892 0.2 pg/mLA F7kstal 35ToAl 4AE 52t

SEHA i skaltH4, 6l

A-2-9] PBS 900 mLoll 92 10-50 4L 715 & 26z
FACScan flow cytometer (BD biosciences, San Jose, CA,
USA)E &4ll 488 nmollA] FL-2 filterE o|-&3}o] Z}zte] ot
off thsted 10,000709) Hl29] B35 S48 CellQuest
software (Becton, Dickinson and company, Sparks, MD,
USAE‘ l sto] ZAISFAT. 2 Ttk ot 5=9] R6G 4] A=
H %= (geometric mean of fluorescence intensity,
GMF)%— S48t} vlatstl=t, 2 w5 Aol 3H e HA
S AR, el E flsto] Attt C albicans ATCC
900283} C. haemulonii ATCC 229915 §Aloll Z743hict

3) C. glabrata®| CIHN| REEZ RMAL USHZAL

B A 4t Z C glabrata 85| ti8ll RG6 %243} CgCDRI
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Fig. 1. Representative histograms of rhodamine 6G accumulation obtained by flow cytometric analysis for (A) Candida albicans ATCC
90028, and (B) Candida haemulonii ATCC 22991. Histograms are given for cells incubated with rhodamine 6G for 4 hr (black area) and

unlabeled controls (grey line).

4 CgCDR2 437 WA= E A& Blusto] Bt} CgCDRI
¥} CgCDR2 R340 A = o] A 9] Aol A ARE-E
S 0]83}94[15] ROTOR Gene 3000 (Corbett Research, Sy—
dney, Australia)& &3¢t AAIF FHAEA-FHRAAH GRS
o2 SASHT, AT} F3g TAYRE T o] H O] ¢lkof|A]
Z¥z} AREE I 2 ol 8RS, 16]. 24 AR wew
Corbett Research software®] 5 3AE- o]-gato] 24 H4
ZHCgCDRI 2 CgCDR%Y} housekeeping 4H*HCgURAS)
O H|= el 7 Ade Al WA HhESEe] HaE 7513l
o}, ZF #32] A HA AT C glabrata ATCC
90030 w+=2] 23] Fatgholl it vlE= FAISFATHIS, 16].

4) B ¢

o] B4 2 7k 7| et #52) GMFS] Batghe vla 2445}
o}, EAA gloll= SPSS Win 10,0 Z21#(SPSS Inc, Chi—
cago, IL, USA)E o]-8-sk¢itt. shute] Theje} 53t 11 w55
Aot U2 #EE Aol GMF B Hlal= Student's t—
testE ©183Ia, 2+ Zhtith $FE2] GMF Bt Hlale Kru-

skal-Wallis testS 0]-83}0] B v|n ARG AJsH3T}
2 1

1. 2ot 732 SRIFH ZdHAR MEZW R6G

£52| H|u

=]

59 A=W R6G 54 HAME = Table 1
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Table 1. Intracellular accumulation of Rhodamine 6G (R6G) in
Candida ATCC strains

Azole MIC (ug/mL) at48hr ~ R6G

ATCC strain . aceum-
Flucona- Iltracona- Voricona- ylation

zole zole zole  (GMF)
C. albicans ATCC 90028 05 0.125  0.03 160.4
C. albicans ATCC 64550 16 05 0.25 Q2.2
C. glabrata ATCC 90030 16 1 05 58.0
C. parapsilosis ATCC 22019 4 0.25 0.06 60.0
C. parapsilosis ATCC 90018 05 0.06 0.03 87.7
C. krusei ATCC 6258 32 05 05 194.2
C. krusei ATCC 14243 8 0.03 0.06  200.5
C. haemulonii ATCC 22991 0.25 0.03 0.06 30.0

Abbreviations: MIC, minimal inhibitory concentration; GMF, geometric
mean of the fluorescence intensity.

I 2}, F 9] C krusei (ATCC 6258 ¥ 14243)2] GMF7}
Z¥7+ 194.2 W 200.5% 7V =31, C. haemulonii ATCC
22991 w57t 30.082A4 7P Wkth. C. albicans ATCC
900282 Al 71| azole XA A AQ 7 FdZ 2
ol w524 GMF7}160.4013ict, §HH, C. albicans ATCC
645502 C. albicans ATCC 90028 32| ®]3}| fluconazole,
itraconazole ¥ voriconazoled] ¥+ minimal inhibitory
concentration (MIC)7} 5 3—48) Z71=lo} 1911, GMF7}F
92.28A C. albicans ATCC 90028 w0l H]3ll A=W R6G
2o ZaxEof 3k

g AANA EelE oo 4029 75 AW R6G 5
2 AAL A Fig, 29 ek, 7Hoiehe] 7} otF 7+9] GMF
A= Kruskal-Wallis A 2J8f A4 22 A= fo3t 2}
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ol& Hth(P=0.000). Y4 oA AZUY R6G H4E& & 2. Trailing M%& &2 azole ZTM XMSIE Hol= #F
Aol P& GMF 32 C. tropicalis (167.3%18.5), C. albi-

cans (126.9%£6.6), C. krusei (88.5+18.5), C. parapsilosis Trailing /370 W& C albicans 252} C. tropicalis 35+

(50.8%+7.0) ¥ C glabrata (38.1+£3.9%01%t}. Z} 452 F 155 AYstal= GMF7}F ZF 459 GMF BHgtec o =
U A oh2 BE 7ot 53 AIZY R6G 54 Jeg vl 2 522 B} C albicans 13:@%W)2}t C tropicalis 13(75)

392 Wl C tropicalis®] GMF H1to| ThE #3of v]g| 32 + itraconazole} voriconazole® 7F44J°] A4} fluconazole
SHA| $9431(P<0.05), C. glabrata ¥ C. parapsilosiss 242+ o= orgwf o= TS Beled, o] #5529 GMF 7=
o2 5ol vlsf §-2lekA Rekth(P<0.05). Zt E0] HA|Eo) o] A A=A, 91 C parapsilo—

sis 759 GMF H4+7h& 50.80]91=4), fluconazoleol] k&
o o2 7+ Bl C parapsilosis 15(11%)2] GMF %%

oo 3 - e | £ 32,6019tk E C glabrata #52) #52] GMF Bk

20 T, i i i|:| Flu M!C 1125 38.10]%0=d, fluconazoled} itraconazoleo| WA Holx
g 200 1 i | | | 1100 voriconazoleol] e A e WA B8 oRgf o2 7HpAS |
< | 3 3 i £ Q1C glabrata 3% % 25:8W} 10M)2] GMF7} 212} 33,29

150 | | | | 175 &
g | i | | | O 22.7913{tKTable 2),
% | | | | §
sor~ T [ a2
ol | N = 125 3. C. glabrata ?E2| CIofH| REZZ FMA} wa}

L T 0O | MZUW R6G =X H|ul
of | | | | 10
L L \S L

icalis icans o te el
C.1OP . gl parapsl™ g, gabIe™ . K® QAFAA 2R RelH C glabrata 752) CgCDRI % Cg-

Fig. 2. Comparison of mean of rhodamine 6G GMF among clini- CDR2 7349 At 2] WA == Table 3%} Tt Flucona-—
cal isolates of different Candida species. z0le) Z4sA] = oRaF o|% 7k Holk 43(19-15H)
*P<0.05, significant difference between a Candida species and ~

all other Candida species by Student's t-test. Xz CeCDRIS] 34 W H =7} 0.48-0.83°]3L GMF+=
Abbreviations: GMF, geometric mean of the fluorescence intensi- 29.1-46.5¢1d] B3}, fluconazoleo] HAS Hol= 33(8-10%1

ty; Flu MIC, MIC of fluconazole.

Table 2. Antifungal susceptibility and R6G accumulation in some Candida isolates showing a trailing growth or decreased flucona-
zole susceptibility

Azole MIC (ug/mL) at the indicated time

Isolate ) ) ) R6G :
No. Species Interpretation Fluconazole ltraconazole Voriconazole accumulation
24 hr 48 hr 24 hr 48 hr 24 hr 48 hr (GMF)
1 C. albicans Trailer* 1 128 0.03 0.03 0.03 0.03 144.4
2 C. albicans Trailer* 2 64 0.03 0.06 0.03 0.06 156.0
3 C. albicans Flu SDD' 16 16 0.03 0.03 0.03 0.03 1255
4 C. tropicalis Trailer* 0.25 64 0.03 16 0.06 16 112.4
5 C. tropicalis Trailer* 0.25 128 0.03 0.125 0.03 32 173.6
6 C. tropicalis Trailer* 05 64 0.03 16 0.06 16 222.6
7 C. tropicalis Flu SDD' 8 16 0.03 0.03 0.125 0.125 205.4
8 C. glabrata Azole R 32 64 2 2 1 4 33.2¢
9 C. glabrata Azole R 32 64 05 1 1 2 39.5
10 C. glabrata Azole R 64 128 2 32 2 4 2278
11 C. parapsilosis Flu SDD' 8 32 0.25 0.25 0.03 0.25 32.6°

* Susceptible after 24-hr incubation (MIC <8 ug/mL) and resistant after 48-hr incubation (MIC >64 ug/mL); ', susceptible dose dependent on flucona-
zole (MIC 16-32 ug/mL); *, resistant to more than two of the three azole antifungal agents (fluconazole, itraconazole and voriconazole) tested; *, values
represent reduced R6G accumulation for corresponding Candida species.

Abbreviations: R6G, rhodamine 6G; SDD, dose dependent susceptible; See Table 1.
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Table 3. Expression profiles of resistance-related genes for the
7 Candida glabrata isolates

R6G Gene expression

Isolate No. Fluconazole accumulation (fold increase)*

MIC (ug/mL)
(GMF) CgCDR1  CdCDR?

8 64 332 1.12 205
9 64 395 1.69 535
10 128 227 303 474
12 16 36.8 0.83 3.90
13 16 465 053 235
14 8 29.1 0.59 293
15 16 426 0.48 248

*Values represent increases in the levels of gene expression relative to
that of C. glabrata ATCC 90030.
Abbreviations: R6G, rhodamine 6G; See Table 1.

RN AE CgCDRIS) ao] 1,12-3.03°]1313. CgCDR22)
& o] 2 05-4.742 T+ §AA =% C glabrata ATCC 90030
oo vlE| @rao] S7sH o GMFE 22.7-39.52 A&
o7 ¢ 2 718 B}
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Fol= ke i 0 2 QI A2} 4xF Tk
Fo] 729 S7tolt, 53] th=9] azole W/ Tt
oA Azt F fARE B o] itk o] £
ol thefAl YA HEZE 53t azole?] $2°] 7MY 2
Shhal o] QIEH17], RE6G= ZHHche] thefA| W
Ho g HiEEER o] 7]Xof| ofsf azoleol

ol It 9] A9 Al F2lo] astA H
o}, AA7IA] R6GO| Al 2] =7t A olA FRIA]
A HARA o 7HSTAIE Felsty] Sl okt A4
#FE dFe R vlugt A of glrk, 2 Aol #E
a8t AAA EeE 652 Tt #5(C. albicans,
C. glabrata, C. tropicalis, C. parapsilosis, C, krusei ¥ C,
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Zrejohs w5 R fluconazole MICs00] thETial A& A
Q+=t, C albicans 0.25 ug/mL, C. tropicalis 0.5 ug/mL,
C. parapsilosis 1 ug/mL, C. glabrata 8 ug/mL Y C krusei
32 pg/mL2 s=ol2hal B E|ITH18], & A+t Axt T th=
w5l wet AlZW REG F27el Aol7} ISl SR C
tropicalis®} C. albicansoA 7V 9% 1 k0] C kru-
sei®} C. parapsilosis, 12|31 C. glabrataollA 714 Wttt
%49 fluconazole MIC =412} H| e o R6G 272 C,
kruserg A|2Jetile= et #50] w2 fluconazole MIC
Aot o= A dAThe & 4 Ul 53] ok E A 4%
o vlsj C. glabratacllX] R6G F&FFo] &9 A 22 44&
B, C glabrataZ} th2 o) v]3) fluconazole MIC
7} © 31 itraconazole¥}; voriconazoled| WiAE o &
MICE HQlth= ARel B|Fo] & wj, C glabrata’} th& Xt
tjcto] vl AH SR azoleo] gt F<=Ado] A=Y Q=
olfir= T2 AU oF=9] F2]o] A He 71Ho] o3t Ao
= Azt ]t

Fluconazoledl] At W& Hof Tttt o5 5 73 WiAd
o] &=L C krusei® 7§ fluconazoleo] ot =24 714
2 f=Hzo A5} ohet £4 344 cytochrome P450
sterol 14 a—demethylase (CYP51)9] azole Ao digt 74
A Mgtz g A JrHI9. C kruseid] 4% C glabrata®h=
22| voriconazole 52| A2 triazolesoll ZA1S Holal A
7HA] triazole XAl FAlol W& Hol= ot S ¥
o|tH19], & FAtolA C kruseix= C, parapsilosis®.th B &<
Az R6G F4o] TEE Q=T o= C krusei®| flucona—
zole Y371H0] oFF & F7Iete 7aeks Sr8skelth

Trailing E3¥= 2 C, albicans®t C. tropicalisoll 4 2

= @O R[14, 20] 2 AollA C. albicans 252} C. trop-
icalis 3514 trailing A2 BAHEJEY o] F 4F=
R6G 2] fha7h W] ¢hobA trailing A4 thefAl W
4 HEZE R FE7IANE o] gl Alw AZE Sl
JEU B Ao||A O tropicalis 15+= GMF7} 112,424 59
C. tropicalis w52] Bw45167.3)°] B|3] -2J51A| ol o] +F
ol e} %t S57F Bad Zlow AzhE et

C. albicans® azole W3ol= A5 gk 71A] o] 44<] £41 W
A 717de] ool e A=H2, 8, 17, C. albicans ATCC
64550 52 7%~ C. albicans ATCC 90028 w#=0] H]3l| Al
7 azole B0l tis MIC7} B S7Fsl 231l R6GE] GMF
7} C. albicans®| H+to|u C. albicans ATCC 90028 w5
Hlaf| o RA S4=o] o] FF9 azole FxIHA o gt MIC

¢

Ir
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C. albicans 94
fluconazole MIC7} 16 pg/mLO. 2 oF8aF oA 7hAdS 1
Q1 9hH| voriconazoleol= AAd ol 3l=t, o] ?F—Zr%g] GMF

7} C. albicans®] Bt} H]S2okAW O H 2 g2 Hola
UL, weba] o] F #5329 fluconazole MIC ?7}01]% =
B FAR A 0 F7FE T ERGI 541419 E3180] 52

£ 7]7o] AuEe] Sle Ao r AZE T,

C. glabrata= WA 22 azole Aol thet 770l
AatE|o] = dFOlATL azole A& FLtol= azoleol st
=S FET 4= Qltk C glabrataoll Al thefA] WA
ABC transporter family$! CgCDRIZ} CgCDR22] & of
Ofgt ol 2] 9J£A4 azole fr&2t WA w0l Yl AR &
HA dei16, 17, & A4 fluconazole ¥ ofz} itra—
ConazoleL} voriconazole®l &= -sAlo MIC7} 57FE|o] Sl=

% 27014 R6GE] A=W S2o] Zasgo] e Qiet, ]
_/] thobd| SEHE oAte] WHATE ZAVSH AT}
CgCDRl 9 CgCDR29 HdA =7l 3343 4 fluconazole
of I B R & A Ae EO]% 5ol vlsl 7t
w0} QlojA], o] #FEl|A CgCDRIZ CgCDR22| 2hddl o]
23} azole G| azole AE FHAA ] thagt W9 F27]
A0S shola} 2= 9)9irH15].
B A oA oA EelH C parapsilosis 157} flucona—
zole®| A R & A4S HSl=dl GMF7 32.6
B2A FY C parapsilosis 52 Bw31(50.8)0l H]3) 25t

A Rol S7H oFE f-30] azole FAwtAol tha} 4 A5t
oF Ak ol =551tk oFA7MA| C. parapsilosisell THek HiL
ot W7 A= wi- dHakr] ol C parapsilosis7t 5
= 7HeE AR} Tste] W Ayt et ok ele et
sH[21] W YeE ol Q3 Eet mEE ol Al A W
BESE 7R Ao A7 E webA 3tA W C pa-
rapsilosisell HaliA = T4} A5E7} F astelet Az g
#H, C haemulonii= ¢ EEA Bo|Es #22 ampho—
tericin®] WAS Ho|1l Y2 azole YA Eoltt RE%]
t}H22], & A tollAl= R6G £4 HARE *]5“01'04 Hok=d], °l
oA ol AWk THE o] WIS 2 R6G2] A22Y
S Ko, o]of sl 23 T W2 A5 EH JO =2 g R6G
22 9 8H-2} HAF 9] A7 Bask A og AzbEc)

AEA g & AFo|X+= Candida —4 7} 9% 7t R6G =
2 Qo] ZJol7k QIS vrd 4= Ui

azole AlE FAFA o] wARRAS 717 7ot 5 2t

27! AIB3|  2cfe 9 59l

rlr

BARE o]§ 7H5EE RolRqh R6G ZHAATE A
FojAEdAR oA T #529] azole WS ddsh=
AR ARRE] QBIAE, ZH AAR oA AEA e AAR
s v kbt 22 B0t @l AAtstel Aatel
5 S 2gle] Maylojop & 0.2 AlzEh
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o~
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o =

o
o

F&E42l rhodamine 6G (R6G)= ZHE]the] thekA|
ZE 5ol o Hre g viEEet, tefA Wl = 1A
#H azole H/d Tt Aol A R6GE| A=W =
gha) St 7tk azole 2FA o) st 74 ZJE
© w50l wet A& thgo] IAEIL gl AR o 2t
w5 ZFe] AlZU R6G F245 Hlagh S+t o2 Al3YE 7t
glth, 2 AtolA= 63 T w5 thde= Al R6G
A %S S45to] Hlasto] Halth

g 7o) AR W B9 4855(Candida albicans
1455, Candida tropicalis 95%, Candida glabrata 85, Can—
dida krusei 85, Candida parapsilosis 75 2 Candida hae—
Aoz 313th 3714 azole WA (flu-
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