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s TEELAMN NS o] 83t Candida TF5F3
olojA", As&", oA =2
SACHS W ofnjcfst FICtHALe St A" M|l AHTH Ipohod 57 42
Hi & : 21%:3 Candida 75573 S 9 5te] S8 A A 4 wH-3-(polymerase chain reacation, PCR)<f| 7]
Z3 W So] A= 21 o). B A Fo| A & Candida?] internal transcribed spacers £} topoisomerase 11 -f-
AAE AH&-3e Candida 7 E57% & 918 th5 PCRE 7] &8t} 3HSl o
Ht B : t}3= PCRS 9|3} Dual Specificity Oligo (DSO) Al &4 & A 2l 1, 8F /o F=dF(C
albicans, C. parapsilosis, C. glabrata, C. tropicalis, C. krusei, C. guilliermondii, C. lusitaniae, C. dubliniensis)
9} 967 F2] AAEE] Candida spp. (C. albicans 5175+, C. parapsilosis 107 5=, C. glabrata 1075+, C.
tropicalis 975~ C. krusei 67, C. guilliermondii 575+, C. lusitaniae 57 5)E 42 2 T} PCR 9]
o7tz o~ A A7GEo 2 FES A5 T}
Z 1} : DSO A A & AHE-g T 5 PCRE 879 -9 7] &olatith. 3w 96w
FREREAH MO 2 T g2 BAS FEo 2 ol 9Tt
A 2 Candida TF5% A DSO AR ALEF T1F PR Uk A AR o] 4] Zhg3hm 41453}
Al Al szl ol] f-8-3F W o' AR E Q)
M = Q13}7] 93k Clinical and Laboratory Standards Institute
(CLSD®] #FF A M S &7 AAM ol =37l = ©f
AR Candida 439l th2F 16350] 9l o, Aol A g0l Athe o fF =, olA A LA A A
Hg5S dod|e F8 #$ 2 2 Candida albicans, A A AAREA GeEt4]. 28 2R B A8 A
C. parapsilosis, C. tropzcalzs C. glabrata, C. guilliermondii, 1 FE3 9A A7 s FHE] 9ste] B} 3 &
C. krusei, C. lusitaniae 52| 77X 7} 911, 2 2ol 22 3t 2143} Candida®) 5 F7 o] 75 1 Ut}
Hdtoz B2t 1 Q& C dubliniensist= HIVe] 7+ 22 vfoke)] 71 %3 AEAH Q) Candida®] 5 E7%
HA @2 oA AFE HdToeR By vk < T3] AJzto] A ety e st 918 I} v go] &
[1].01% 713 Z 883 B3 WAFE C albicans©] A 3+ EEAL, AR 732 F 3T Yol o A olvh. 5
C. glabrata, C. parapsilosis, C. tropicalis 52| &% 2| 1] 3] 1995\ o) Aj2o] EF/FH C. dubliniensis= C. albicans
de BAdTFo R IFE I JYTH2]. B8 C. glabrata®t C. oF w9 frAbe THYP S Hol ghdo] o & *"QO]‘:}
krusei’= fluconazoled]] AW AL Hol= Ao 2 A7ty [5]. o813t AP 2 54 o] &3 Al BAHE =
3 9lo], Candida’= 738 2 azole7| 2FA| £} amphotericin &3] 3tod, Candida®] %57 W= thefet &
Be} o] @A AFE <l XA el HAaqAsE A=A 71 71 28 Sl &URE 3 A TH2)
(minimal inhibitory concentration, MIC)7} t} 2 Zl o2 <& =, multilocus enzyme electrophoresis, restriction fragment
A3 = A A NEEQ Candida FF& o= 7} length polymorphism (RFLP), Southern blot hybridization,
53 712=A §88 Holm 9, dAHA DAL =& 8 A2 93 (polymerase chain reaction, PCR),
pulsed field gel electrophoresis (PFGE), DNA & 7] =4 &
o] =& v LSS 20069% A7 Aol oek A, Al Fol AHgE A 9 1’4’[6 7] o] oA &= PCR W <
| 24:06/8/30 ARSI :06/9/20 WA A A o) A ZFHE BT ALl Al S E S . Thor
oA olu| 7
men (}40] 755) EA] S R 371 65-207 T AEA S} e Z:Zig] Hﬁ ha E7} Maad
Cen $Anme el 3L 3k
TEL:02)748.9837 FAX:02)797-3471 ol & AtellAe AEA ackel M g 7] Aol
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1= Dual Specificity Oligo (DSO) [8]Z A 28}o] Candida
FZEH S 93 t}= PCRS /N3l Candida 2%
ol A o] G84S H et B ).

W

THeH o

FYNGT S AL NAD DA 24T D IAA
ol A B2l ¥ 967 F(C. albicans 517, C. parapsilosis 10
=, C. glabrata 107, C. tropicalis 970, C. krusei 67°
==, C. guilliermondii 575, C. lusitaniae 57 5)2 Candida
TZ3 8T F EF TF(C. albicans ATCC 18804, C.
parapsilosis ATCC 22019, C. glabrata ATCC 2001, C. trop-
icalis ATCC 750, C. krusei ATCC 6258, C. guilliermondii
ATCC 6260, C. lusitaniae ATCC 34449, C. dubliniensis
ATCC MYA-646)= o &2 3l th. £3] 9 &g

oo, dslld, old=

2. L= PCRE 8t AlLA| M=}

Zy #F9 Eo]A < A A E internal transcribed
spacers (ITS)<} topoisomerase II (TOPI) 71 A} & A}-&-3}
o LA, % 4 #EUL ALd FAA
accession number= C. albicans+ ITS (AB018037), C.
dubliniensist= TOPII (AB019142), C. glabrata= TOPII
(AB010644), C. krusei= TOPII (AB049139), C. parap-
silosis.= TOPII (AB049144), C. tropicalis= TOPII (AB
049140), C. lusitaniae<= 1TS (AF009215), C. guilliermondii
+ TOPII (AB049145)3) 21, clustal X (1.83, ftp://ftp-
igbmc.u-strasbg fr/pub/ClustalX/) 2} GeneDoc (http://www.
psc.edu/biomed /genedoc/) &2 13 S Al-g3le] DSO A
k7)) (Seegene Co., Seoul, Korea)E 119F3}31 th(Table 1).
DSO AHA| = 35 97 o] d o2 AA A#atA = =1,
2 A7NE QS =2 FIlEme AIEA L F3tol 44
@ linkervh HEE 7| Eoh ek ol 9ol A7)
© 2 UFolA A Ho] gL EE HE SR PCR

T EEL
SOl A C. dubliniensis®] 71 &g &R13l7] ¢8loq, 517 F = 7Fs A gt
9] C. albicans®| C. albicans= E73 ¥ 5367 F = 45C
48A1ZF W oF Al g 7do] @A Sl A st 24 FE EF 3. DNA &
3}l o}, 52 Sabouraud dextrose agar (SDA) plate©]| 2
3] Alt) v eFale] wol# A]E T} VITEK 2 (bioMerieux -70°cel B 59 752 SDA plateo] 35C = 23] 7
Vitek, Hazelwood, MO, USA) 52 o] &3} =3 5} t}. ) v ksl 0.85% 2] Aol 2F 1087] ¢ ERAS Z11,

Candida T

o,

FE 50% glycerole]] &o] -70C o] &3

AEZHS B 817 95k lyticase (10,000 units/mL,
Sigma-aldrich Co., St. Louis, MO, USA) 10 xL& 3 7}3}<]
37¢Col 30%7F vk2-A] 71 &, High Pure PCR Template
Preparation kit (Roche Diagnostics, Mannheim, Germany)S-
AH-g-3te] DNAS FZ3kth.

Table 1. Primer sequences for identification of Candida spp.

Primers Oligonucleotide sequence (5'-3") Product size

C. albicans-F TTATCAACTTGTCACACCAGATTAIIITAATAGTCAA

C. albicans-R TTACCGCCGCAAGCAATGTTHIITTAGACCTAA 323 bp

C. dubliniensis-F GGTAACTTATTAACTTCTTCGAIIIIGACGACAATG 24 bp
Asset  C. dubliniensis-R CTTTGATGGCTTTGACATACAIIIACATAGCTC

C. glabrata-F TAAGGTACGTGATCCCTCAAIIIIAGGATTGATG 608 bp

C. glabrata-R GTCTGATTCACCATTGTCCATIHIIITCATCTTTTC

C. krusei-F GTTAGAGGTATCCGGGTCACTIIITGGTGAACTG

C. krusei-R CGGTAATTTTACCACACAGCAIIIIGCAACATCATC 379 bp

C. parapsilosis-F GGAGAGGTCGCCAGAGCCIIIIGAGAAGGTGC 603 bp

C. parapsilosis-R CACACGGCTGATCAAGTTGIHIITAGCCACAAAC

C. tropicalis-F CAAAAATTCGTTGCTAATGATAATHIICAATCGAATT 419 bp
Bset C. tropicalis-R GAATAACACGATTATTACCGGATHIIGGTTTTGATG

C. lusitaniae-F TTGCGATACGTAGTATGACTIIIIACGTGAATCA 194 bp

C. lusitaniae-R CCTACCTGATTTGAGGGCGAIIIIGGTGCTGTAA

C. guilliermondii-F CCCGACCCTGTTGCTCCAIIINITGAAACGAGA 507 bp

C. guilliermondii-R

CTTTATTCTCGATTTTCTGGAGHIIGGCTTTCAGC
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Fig. 1. Species-specific DNA amplifications by multiplex PCR using each of the primer sets. A 100-bp DNA ladder was used as
molecular size marker (M). Negative control was used DEPC treated water (N). Internal control : 800bp. Lane 1 (323 bp), C.
albicans ATCC 18804; Lane 2 (424 bp), C. dubliniensis ATCC MYA-646; Lane 3 (379 bp), C. krusei ATCC 6258; Lane 4 (608
bp), C. glabrata ATCC 2001; Lane 5 (507 bp), C. guilliermondii ATCC 6260; Lane 6 (603 bp), C. tropicalis ATCC 750; Lane 7

(419 bp), C. parapsilosis ATCC 22019; Lane 8 (194 bp), C. lusitaniae ATCC 34449.

(A) Multiplex primer set A
M 1 2 3 4

(B) Multiplex primer set B

5 6 7 8 M

Fig. 2. Species-specific DNA amplifications by multiplex PCR in clinical isolates of Candida spp. Lane M,
molecular size marker; Lane 1 (323 bp), C. albicans; Lane 2 (608 bp), C. glabrata; Lane 3 (379 bp), C. krusei;
Lane 4 (323 bp and 608 bp), C. albicans and C. glabrata; Lane 5 (507 bp), C. guilliermondii; Lane 6 (603 bp), C.
tropicalis; Lane 7 (419 bp), C. parapsilosis; Lane 8 (194 bp), C. lusitaniae.

4. kS PCR

83+ £ 9| Candida & E733}7] 93t PCRE 4 E4 24
E(A%} BAIE)9] th5 PCRE T4 35131 oH, A E= C.
albicans, C. dubliniensis, C. glabrata, C. kruseiS BAE+
C. parapsilosis, C. tropicalis, C. lusitaniae, C. guilliermondii
S 244 42 5 9Ath(Table 1). PCR WH-g-9) 2 747}
A ¥EA) 5 pmole®} DNA 1 pLE A 7}sle] & 20 L& 314
o, PCR ¥H3& A &= 24 7] (96 well GeneAmp®
PCR system 9700, Applied Biosystems, Foster city, CA,
USA)E o] &sto] 94Tl A 153 - A7 F,94C
ol A 30%, 60CoA 1530% 2 72ColA] 15 3024 35
8 2Z3 3 npA e 720 A 108 F A4S
AT 7h7ke] ZEAE L 2% ol 72 9 2 Aol 4 100 V

719 %3 & H &3l B F (ethidium
bromide) . 2 & A 5}lo] Image system (ChemiDoc XRS

system, Bio-Rad Laboratories, Hercules, CA, USA)o. &2 &
CEERERDET=S

2
=

H

1. Candida AE=EHE Qs C}= PCR 7t

83152 Candida 5 &7 317] $15+] 2711 2] tubeol] 2}2} 4%
o A LA S A 7Velo] Candida FFTFF014 523 DNAS
F38 o0 2 t}3 PCRS A 3319t AX Eo| A= C albicans,
C. dubliniensis, C. glabrata, C. krusei®l] 3l d5}= 323 bp, 424 bp,
608 bp, 379 bpe] PCR 4H=0] EolalA| #2E 31, B EC]
A& C. parapsilosis, C. tropicalis, C. lusitaniae, C. guilliermondiiol|
& 3-31= 419 bp, 603 bp, 194 bp, 507 bp2] PCR 4Hz0] #2H5
o] #F It 78 0] 7k sk vhFig. 1).



ot

F AMEB| Candidadl #&

r

2. o= PCROl 2
PS

A7 A ol A F-2lH Z 967+ 52| Candida spp.E o7

=
o2 Al gk thg PCROA, 94 5= vl Fol] 7] 23 A
AL YN OR FHE AT FLIF TR FHH
Ao, ymx 2 gdF= AeHA M oer $HE 2F

I 24 sFEAT. 2 deAA e R C
krusei® TR E Y 175+ U5 PCRo A C. glabrata
2 F% o] VITEK 28 A4 s A3} C. glabrataZ 2}
E 3, ek Tol# A FA e & C albicans= F4 = Y
9 175 t5 PCRO A C. albicans®} C. glabrata7} 5
Al &= o] A& A7} C. albicans®} C. glabrata7}
Aol EAFol €<l =] th(Fig. 2).
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= 9] &= small-subunit (SSU) rRNA, large-subunit
(LSU) rRNA, ITS S©] 1 T}H11]. SSU rRNA2] & 7] <A
A S Aol A = vl A QL g o A RE, A =
o] &3le W te] -l & SSULE LSU rRNA Alo] o 9l
EITS F7t A 58 = AT FAFHAZ A2 5 2
CH11]. Candida spp.2] &7 7} £38] AHg¥ 1
AE FA N9 2= 58S, 18S 2 28S rRNA 4271 3
9 4 B9 (DNA 29][2,12-14]9} o] 2] & GARE A}
o] 9] ITS ¥ 9J[15-17] =+ intergenic spacer (IGS) H- <
[18] T°] om, 1 9o = intron splice F¢|[18], heat
shock protein &7 ZF(HSP70) ¥9][20], CKRS-1[21],
TOPII 572} §-9][22] 5 o] &3 #FTF5H o] Bl 5
ATH.

¥ 70 A= 1TSS TOPI § 17 291 o] 7142 &
o] &3t A A ES 1Sk L, Aol A T3] EEH
= 8F R/l Candida spp.2] &< A Z38tazl 2719 Al

ojoj&d, dsld, old=x

ER % PR ARSI § 4l ALA S e A
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goemz g vAEEokd A ol Al=H1 3tk 2
A o PCRE Al &eta Aelad 14 ol A wh, 4
T kg 2A S WL AR AY SRS W A Y
ol dast7| = sttt AT A v PCRE 943 =39
= AlZA| o] G 5=, PCR buffere] &%, & 3}nt 14

7} ANTP Fx9] 3, annealing &%=, % DNA<2} DNA
THELY & Fol Tastr23]. L2y Iy PCRE T
4. 9164 2 ARl e bsael Foma A
28 0% PR AR89 24T kst gelo] B
a8ttt AFd A A ZE APEAE2 35 G7] oo
2 4A AFAEHAAR, N 72 AT =& A=
APEA o] F3bol] 4t g linker7} =R 7] E 9} AL

Fao] oo ABAE T REOR EOE FANLES
w3o] mahg glo] @3 Eo| PCRo| b5 etdt. &
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o4 A3 #EEH 0l b5 kg om. DNA FEo

X A} 81714 5217k o] U] Ake] & £H T PCR
3 7195w Selo] sbsath £ BF PCR
2+ C. albicans$} C. glabrata7} A ol £ 3}= 74 §-2
slo] Fhgatg ot tiel B AAAAA C
albicans} non-C. albicans2] 71 ol 220l 1 Q)&= ol
Al@grte v e F #F7t  EAske 7 F-oll B e
TR E A &5 7Hed ol AT

TS B Ao ALg-H 5159 C. albicansol =
B #FoANAY C dubliniensis®] 7 &2 20135} 7] 93}
o] % 5361 F2] C. albicans 5 45°Coll 48~ 7t vl ¥ A A4
ol AASA At 24t FE5 TF AT C
dubliniensis<= C. albicans¢} "9 A 3 TA A A4}
= 7FAAL slo] Aol ofel & Ao delA i =
AN A= C. dubliniensis®] Q%o #gk Hu7} A9 §lof,
C. albicans 2. 78 T F 45Tl 7ol AAH
Astd #FE A9 ste] th5 PCRZ} VITEK 22 2135}
o Bokoy} W C albicans® FA ¥ o] A4Ee] TFF
N A 9] C. dubliniensisZ 3+ 4= 1At}

o] 43} o] Candida2) ITSS} TOPIL 57 2} H-<] of] A
A3 DSO AW & AL&3lo] ThE PCRE A3 2
#8FFY B9 96 T dAFEE Candida 1+
T BT A H gt dFE ol Theetd o, HARY
WHol tHsta A&ttt wepa HEAQ e s
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Identification of Candida Species by Multiplex Polymerase Chain Reaction
Mi-Kyung Lee', Hye-Ryoun Kim', and Young-Jo Lee’

Department of Laboratory Medicine', Chung-Ang University College of Medicine; and Seegene Inc.’,

Seoul, Korea

Background: Polymerase chain reacation (PCR)-based methods have been described for rapid
detection and identification of Candida spp. Multiplex PCR assay was developed using internal
transcribed spacers and topoisomerase Il gene for the accurate identification of Candida species.

Methods: We designed Dual Specificity Oligo (DSO) primers for multiplex PCR. Multiplex PCR
was followed by agarose gel electrophoresis to test 8 type strains (C. albicans, C. parapsilosis, C.
glabrata, C. tropicalis, C. krusei, C. guilliermondii, C. lusitaniae, C. dubliniensis) and 96 clinical
isolates (C. albicans 51 isolates, C. parapsilosis 10 isolates, C. glabrata 10 isolates, C. tropicalis 9
isolates, C. krusei 6 isolates, C. guilliermondii 5 isolates, C. lusitaniae 5 isolates) of Candida spp.

Results: With multiplex PCR using DSO primers, the eight Candida type strains each could be
easily differentiated and all 96 clinical isolates were identified as the same species as were identified
by the conventional method.

Conclusion: Multiplex PCR followed by electrophoresis can be useful for the simple and rapid
identification of Candida species in routine laboratories.

(Korean J Clin Microbiol 2006:9(2):119-124)

Keywords: Candida species identification, Multiplex PCR, Internal transcribed spacers,
Topoisomerase |
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