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Background: We evaluated the usefulness of a newly
developed molecular typing method of infrequent re-
striction site polymerase chain reaction (IRS-PCR) as
an epidemiological DNA fingerprinting tool for Candi-
da tropicalis.

Methods: Thirty-two strains of C. tropicalis comprising
eight sporadic strains and 24 clonal strains belonging
to six clones, of which clonal type were previously
confirmed by pulsed-field gel electrophoresis (PFGE),
were tested by IRS-PCR to evaluate the usefulness
of this technique. Twenty strains of Candida species,
including C. glabrata, C. krusei, C. albicans, and C.
parapsilosis, were also tested to assess the ability of
IRS-PCR to discriminate among species of Candida.
Results: Using the IRS-PCR assay, sporadic strains
of C. tropicalis could not be differentiated from clonal
strains. Most strains belonging to the same clones
were classified as different IRS-PCR types or clus-
ters, and some different sporadic strains were classi-

INTRODUCTION

Many Candida species have emerged as common pathogens in
a variety of infections. Nosocomial candidemia has also increased
rapidly, and nosocomial outbreaks of candidiasis caused by several
species of Candida have been reported[1-3]. Candida tropicalis is a
major cause of invasive candidal infections. It is widely recognized
as a leading cause of fungemia among oncology patients and other
seriously ill hospitalized individuals. The importance of C. tropicalis
infection is further highlighted by reports of high mortality asso-
ciated with hematogenous infections caused by this species[4].

Molecular epidemiological studies have indicated the possible
nosocomial transmission of Candida[5], and continued surveil-
lance for the presence of non-Candida albicans species in hospi-
talized patients is recommended[6]. Most molecular epidemio-
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fied as the same IRS-PCR types. When pattern var-
iation was examined for different strains of C. tropi-
calis using IRS-PCR, pairwise similarity measured by
the Dice coefficient was 75.4~100%. In contrast,
pairwise similarity among isolates of five different
species of Candida was 25~69.2%. Therefore, five
different species of Candida were easily differen-
tiated.

Conclusion: The IRS-PCR typing assay appears to
be an inadequate tool for the epidemiological typing
of C. tropicalis, because the typing result of IRS-
PCR is not comparable to that of PFGE. To our
knowledge, this is the first evaluation study for IRS-
PCR as an epidemiological typing tool for C. tro-
picalis. (Korean J Clin Microbiol 2007;10:96-101)
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logical assays are complicated and time-consuming and are there-
fore not well suited for use in a routine diagnostic setting. Rapid
typing methods are essential for a prompt and sensitive evaluation
of Candida outbreaks in hospitals so that effective measures can
be instituted when common sources are identified.

Recently, the new typing method of infrequent restriction site
polymerase chain reaction (IRS-PCR) was introduced as a rapid,
sensitive, and widely applicable fingerprinting tool[7]. The meth-
od is easy to implement and has good reproducibility[8]. Howev-
er, no results of the application of this new technology in relation
to the epidemiological typing of C. tropicalis have been reported.
Therefore, we used the IRS-PCR technique to evaluate C. fropica-
lis to assess the technique’s suitability for epidemiological typing.

MATERIALS AND METHODS
1. Microorganisms

Thirty-two clinical isolates of C. tropicalis, of which clonal
type were previously confirmed by pulsed-field gel electro-
phoresis (PFGE)[9] in nearby Chonnam University Hospital, were
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used to evaluate IRS-PCR typing efficiency. A total of 20 strains
of four species of Candida other than C. tropicalis were also ex-
amined to assess the ability of IRS-PCR for differentiation of
commonly isolated Candida species: Five strains per each species
of Candida consisting of one type strain (Candida glabrata,
ATCC 90030; Candida krusei, ATCC 14243; Candida albicans,
ATCC 64550; Candida parapsilosis, ATCC 22019) and four clin-
ical isolates were tested.

The identification of Candida species was performed based on
morphology and biochemical reaction patterns. The colonial mor-
phology of Candida was observed after 48 h of incubation on
cornmeal agar and CHROMagar Candida (Hardy Diagnostics,
Santa Maria, CA, USA). The API 20C (bioMérieux Inc., Durham,
NC, USA) and ATB 32C (bioMérieux) system kits were used for
biochemical tests, and the results were interpreted according to
the manufacturers’ instructions.

2. Preparation of template DNA

DNA was extracted using the proteinase K method. Briefly, 1.5
mL of Candida cells was cultured overnight in LB broth and then
centrifuged. Lysis buffer (300 2L of 1.0x TEN buffer [1 M Tris,
pH 8.0, 5 M NaCl, 0.5 M EDTA], 20 L of 10% SDS, 20 #L of
20 mg/mL proteinase K) was added to the pellet. The sample was
digested at 54°C overnight.

We modified the Mazurek[7] method to prepare the extracted
DNA for IRS-PCR. Briefly, 400 ng of genomic DNA was di-
gested with 10 U of Hhal (New England Biolabs Inc., Ipswich,
MA, USA) and 10 U of Xbal (New England Biolabs Inc.) in the
appropriate digestion buffer (total volume of 12.5#L) for 2 h at
37°C. A 7.5 1L aliquot of ligase solution (40 U of T4 DNA ligase
containing 12.6 pmol ATP, 20 pmol adaptor AX [AX1-AX2] and
20 pmol adaptor AH [AH1-AH2]) was added to the mixture. The
solution was incubated at 16°C for 1.5 h for ligation and at 37°C
for 20 min to inactivate the T4 DNA ligase. The sample was re-
digested with 5 U of Xbal and 5 U of Hhal at 37°C for 15 min.
The resultant solution was stored at —20°C until use.

3. Primers and adaptors

Table 1 shows the complete sequences of each adaptor and cor-
responding primers used[7]. To prepare the adaptors, equimolar
amounts of individual oligonucleotide adaptor pairs were com-

Table 1. Oligonucleotides used and their sequences

Oligonucleotide Sequence

AHI1 5'-AGA ACT GAC CTC GAC TCG CAC G-3"*
AH2 5'-TGC GAG T-3'

AX1 5-POs-CTA GTA CTG GCA GAC TCT-3'
AX2 5'-GCC AGT A-3'

PX-G 5'-AGA GTC TC CAG TAC TAG AG-3'

*This sequence was used to construct the AH adaptor and as a primer
in IRS-PCR.
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bined in 1x PCR buffer (10 mM Tris-Cl, pH 8.3, 50 mM KClI,
0.1% Triton X-100) with 1.5 mM MgCl,, and the mixture was al-
lowed to anneal as it cooled from 80 to 4°C over 1 h in a thermal
cycler. The stock adaptor was stored at a concentration of 14.4 #M
at —20C.

4. IRS-PCR amplification

The PCR mixture contained 1x MgCl-free PCR buffer
(Tris-HCI, pH 8.0, 50 mM KCl, 0.1% Triton X-100), 2.5 mM
MgCl,, 200 #M each of deoxynuleoside triphosphates, 1.0 M oli-
gonucleotide primers AHI and PX-G, 4 ¢L of template DNA
(one- fifth of the ligation-redigestion product), and 0.1 U of Tag
DNA polymerase (Promega Corp., Madison, WI, USA). Distilled
water was added for a total volume of 50 #L. Amplification was
performed in a GeneAmp PCR System 2400 (Applied
Biosystems, Foster, CA, USA) using: initial denaturation at 94C

Table 2. Results of the IRS-PCR typing assay of 32 clinical isolates
of Candida tropicalis arranged by PFGE type

Character PFGE N IRS-PCR N
type type

Clonal a7 2 Al0 1
Al2 1

a8 9 A2 1
A4 1

A6 2

A8 1

All 1

Al4 1

B1 1

D2 1

a10 3 Al 1
Al2 1

C3 1

all 2 A8 1
Cl1 1

al2 3 A5 1
Al2 1

Al3 1

B4 5 Al 2
A4 1

A8 1

A9 1

Sporadic a3 1 A3 1
al4 1 A8 1
al6 1 Al 1
all 1 Al2 1
B3 1 B2 1
B6 1 Al 1
Y 1 D1 1
€ 1 Al2 1

*Determined previously by Rho et al.[9].
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for 5 min; 30 cycles of denaturation at 94°C for 5 min, primer
annealing at 60°C for 30 s, and extension at 72°C for 90 s; and
a final extension at 72°C for 7 min.

5. Pattem visualization and data analysis

Aliquots of 20 #L of PCR product were loaded into the wells
(1.0 cmx5 mm) of 6.5% polyacrylamide gel prepared with 30%
acrylamide-bisacrylamide (29 : 1) solution in 0.5% TBE buffer
(22.5 mM Tris-borate, 0.5 mM EDTA). After electrophoresis for
1.75 h at 100 V, the gel was stained with ethidium bromide (0.5
mg/mL) for 8 min, destained with water for 25 min, and photo-
graphed under UV illumination.

Pattern clustering on a matrix of the Dice coefficient[10,11]
was based on the unweighted pair group method using arithmetic
averages (UPGAMA). Dendrograms were constructed using diver-
sity database software 2.2.0 (Bio-Rad Labs, Hercules, CA, USA).

6. Assessment of reproducibility

To determine the reproducibility of the IRS-PCR method for the
epidemiological study of C. tropicalis, we undertook run-to-run
correlation of the IRS-PCR for the index strain selected from the
epidemiologically related strains. Five sample aliquots obtained
from the index strain were studied in four independent experi-
ments to assess intra- and interexperimental variability.

7. Assessment of performance of IRS-PCR typing based on
the PFGE type previously determined

The IRS-PCR types were compared with the macrorestriction
types that were previously obtained using PFGE[9] to assess the
adequacy of the performance of IRS-PCR. These isolates com-
prised of eight sporadic strains and 24 strains of six clones. On

1,500 bp

800 bp

200 bp

Fig. 1. The result of intraecxperimental variability test. Five sample
aliquots of the same index strain showed the same pattern each other.
N, negative control of IRS-PCR Lane 1 to 5, the index strain M,
100-bp~1.5-kb DNA ladder (M102R-1, BIO BASIC INC., Markham,
ON, Canada).

the PFGE analysis, the clonal strains consisted of two clusters, @
and B: cluster @ contained five @ clones and cluster 8 con-
tained one B clone in the PFGE typing (Table 2).

RESULT
1. Typeability of strains

All 52 Candida isolates were typed using IRS-PCR, giving a
typeability of 100%.

2. Reproducibility of IRS-PCR assay

The analysis of gels from the reproducibility tests indicated that
fragments between 150 and 800 bp were most reproducible.
Fragments above and below this range were ignored in further
analyses. An examination of the pattern reproducibility showed
that the run-to-run correlation of IRS-PCR for the index strain of
C. tropicalis varied from 92.9~100%, based on band matching
using the Dice coefficient. Five sample aliquots of the index
strain tested in the same day to assess intraexperimental varia-
bility showed the same pattern (Fig. 1).

3. Performance of IRS-PCR assay

Fig. 2 shows result of several IRS-PCR type from eight strains
of C. tropicalis. Computerized gel analysis of IRS-PCR profiles
divided the 32 C. tropicalis strains into four clusters (A through
D) using a similarity coefficients (Sag) threshold of 0.90 (Fig. 3).

The IRS-PCR assay could not differentiate among the eight epi-
demiologically unrelated sporadic strains of C. tropicalis from the
24 clonal strains belonging to the six clones. Fifteen of 19 strains

100 bp

Fig. 2. IRS-PCR typing assay patterns of Candida tropicalis. Lanes
1-8 (IRS-PCR type and specimen number [in parentheses]: lane 1, Al
(T40); lane 2, Al12 (T18); lane 3, B1 (T19); lane 4, B2 (T33); lane
5, C1 (T29); lane 6, C2 (T50); lane 7, D1 (T31); lane 8, D2 (T16).
Lane M, 100-bp~1.5-kb DNA ladder (M102R-1, BIO BASIC INC.).



in cluster @ belonged to cluster A by IRS-PCR typing. However,
all five strains of cluster 8 also belonged to cluster A in the
IRS-PCR typing. In other words, the two different clusters of clo-
nal strains were not differentiated by the IRS-PCR assay.
Generally, each member of the six clones belonged to the same
clusters as other members of the respective clone, except for four
strains. Two of nine strains of a8, one of three strains of « 10,
and one of two strains of @12 showed IRS-PCR types that be-
longed to different clusters from those of other members of each

085 088 090 092 094 096 098 1.00

T39A1
T17A1
T40A1
T22A1
T40A1
T22A1
T36A2
T15A2
T41A3
T34A4
T38A4
T46A5
T25A6
T30A7
T48A7
T39A7
T51A7

T47A8
T43A10
| I —

T24A11
T18A11
T27A11
T52A11
T42A12
T45A13

prmeeeeeeee— T33B1
- T19B2

T29C1
T21C2

[ T31D1
L——T16D1

Fig. 3. Dendrogram of the IRS-PCR typing assay of 32 clinical
isolates of Candida tropicalis. The specimen numbers and correspon-
ding IRS-PCR types are listed at the right. Dendrograms were
constructed using diversity database software 2.2.0 (Bio-Rad Labs,
Hercules, CA, USA).
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clone. Most strains of the same clonal groups showed diverse
IRS-PCR types. Only two (A6) of nine strains of the @8 clone
and two (Al) of five strains of the B4 clone showed the same
IRS-PCR type. Different sporadic strains were falsely grouped in-
to the same group, e.g., strains @16 and 86 into Al and strains
@17 and ¢ into Al2, in the IRS-PCR typing (Table 1).

Because strains of the same clones showed different types or
clusters and different sporadic strains showed the same types, the
IRS-PCR typing assay result was not concordant with the results
of PFGE. The calculated discriminatory ability of IRS-PCR and
PFGE using Simpson's index of diversity[12] were 0.94 and 0.89,
respectively.

When the pattern variation was examined for different strains
of C. tropicalis using IRS-PCR, the pairwise similarity, as meas-
ured by the Dice coefficient, was 75.4~100%, which explained
the low discriminatory power of IRS-PCR. In contrast, the pair-
wise similarity among isolates of five different species of
Candida was 25~69.2%. The five different species of Candida
were easily differentiated (Fig. 4).

DISCUSSION

The results from the IRS-PCR typing assay for C. tropicalis
were not concordant with those obtained from PFGE. Because the
IRS-PCR assay could not differentiate epidemiologically unrelated
sporadic strains of C. tropicalis from clonal strains, it seems to
be inappropriate for use as an epidemiological typing tool for C.
tropicalis.

The discriminatory power of IRS-PCR appears to vary according
to the bacterial species examined. In studying the genetic relation-
ships among Klebsiella pneumoniae, Acinetobacter baumannii,
Serratia marcescens, and Legionella pneumophila, IRS-PCR gave
concordant results with PFGE analysis[9,13,14]. The outbreak
strains of multi-resistant A. baumannii were also clearly differ-
entiated from the epidemiologically unrelated endemic strains by
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Fig. 4. Histograms showing pairwise similarity as measured by the Dice coefficientfor various (A) species and (B) strains of Candida. T, C.
tropicalis; A, C. albicans; G, C. glabrata; K, C. krusei; P, C. parapsilosis. T-A represents pairwise similarity between isolates of C. tropicalis
and C. albicans, etc. Black bar, maximum Dice coefficient; light-gray bar, mean Dice coefficient; dark-gray bar, minimum Dice coefficient.
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IRS-PCR[15]. In the molecular typing of Mycobacterium abscessus,
IRS-PCR gave better results than PFGE. Therefore, IRS-PCR may
be an efficient substitute for PFGE in analyzing the DNA poly-
morphism and epidemiology of M. abscessus[9]. IRS- PCR was
more capable of distinguishing strains from invasive listeriosis than
was PCR ribotyping or AP-PCR[16]. Only IRS-PCR succeeded in
clearly discriminating the strains related to noninvasive listeriosis
from all other strains that were examined[16]. The reproducibility of
the IRS-PCR technique in the analysis of Salmonella enterica was
100%, but the discrimination was low (D=0.52)[17].

The overall performance of the IRS-PCR typing assay was in-
adequate and unsatisfactory in grouping C. tropicalis strains.
However, five Candida species were easily differentiated using
IRS-PCR. Thus, IRS-PCR may be more useful for the differ-
entiation of Candida species, rather than the epidemiological
study of C. tropicalis. Similarly, arbitrarily primed PCR and Eagl-
Hhal IRS-PCR fingerprinting techniques separated Bartonella
species effectively, but lacked discriminating power within Barto-
nella henselae[18]. Reference strains of Mycobacterium tuber-
culosis H37Rv, M. bovis, M. africanum, and all isolates of M. tu-
berculosis showed similar IRS-PCR patterns[19]. In contrast, elec-
trophoretic DNA patterns obtained from M. avium, M. intra-
cellulare, and M. fortuitum showed great differences from each
other and from those of the reference strains[19]. The authors
concluded that IRS-PCR is a useful tool for strain typing of
non-tuberculous mycobacteria, but not for M. tuberculosis[19].
The reasons for the poor discrimination power for strains of
Bartonella henselae, M. tuberculosis, and C. tropicalis are not
clear. However, the similarity in the number and distribution of
restriction enzyme recognition sites in the nucleotide sequence
among strains of these bacteria may be one possible explanation.
If the enzyme combination is changed appropriately, the discrim-
ination power may increase. Handley et al.[8] used three types of
restriction enzyme combinations for the identification of human
pathogenic Bartonella species. These combinations included the
frequently cutting endonuclease Hhal in conjunction with an in-
frequently cutting endonuclease Eagl, Smal, or Xbal. The amplifi-
cation of fragments flanked by an Eagl, Smal, or Xbal site in
combination with an Hhal site produced a series of different-sized
amplicons that could be resolved into patterns by polyacrylamide
gel electrophoresis (PAGE)[8]. The pattern complexity could be
varied by the addition of selective nucleotides to the 3' ends of
the Eagl-, Smal-, or Xbal-specific primers. Because of the flexi-
bility in modulating the pattern complexity and the electrophoretic
methods used, these techniques allow for a high level of ex-
perimental optimization. If the performance of IRS-PCR for C.
tropicalis needs to be re-evaluated, it may be helpful to use an
enzyme combination other than Xbal and Hhal.

Some features could be improved to optimize the IRS-PCR
procedure. Mazurek[7] reported that even DNA extracted using
rapid methods, after preparation of the digestion and ligation step,
could be successfully usedin IRS-PCR. However, when we ex-
tracted DNA from C. tropicalis using a rapid method, only a few
bands were visible, and we could not differentiate among strains

of C. tropicalis. After we used the proteinase K method to extract
DNA, an adequate number of bands for analysis were obtained.
It is also helpful to adjust the amount of genomic DNA used in
IRS-PCR. We adjusted the amount of genomic DNA to 400 ng
and used the same amount of DNA for subsequent IRS-PCR. We
also included the index strain of C. tropicalis in all batches of
IRS-PCR and all gel loading procedures, making the comparison
of the bands in each lane easier. Although we optimized the pro-
cedure for Candida using these modifications, the results were
somewhat disappointing. The assay reproducibility was relatively
high, but the grouping results of IRS-PCR were not comparable
with those of PFGE.

When the performance of IRS-PCR was compared with electro-
phoretic karyotyping with PFGE for typing of C. albicans and C.
parapsilosis, genotyping results determined by both methods were
generally concordant although some strains showed discordant re-
sults[20]. For typing of C. tropicalis in this study, the performance
of IRS-PCR was not adequate, which was performed by Mazarek’s
protocol using Hhal and Xbal. However, IRS-PCR is a rapid and
simple method for the discrimination of five species of Candida,
Thus, IRS-PCR seems to be more useful for the differentiation of
Candida species, rather than the epidemiological study of C.
tropicalis. To our knowledge, this is the first evaluation study for
IRS-PCR as an epidemiological typing tool for C. tropicalis.

Acknewkdgement
This work was supported by the Korea Science and Engineering

Foundation (KOSEF) grant funded by the Korea govemment
(MOST)(R13-2003-009).

REFERENCES

—

. Costa SF, Marinho I, Araujo EA, Manrique AE, Medeiros EA,
Levin AS. Nosocomial fungaemia: a 2-year prospective study. J
Hosp Infect 2000;45:69-72.

2. Bukharie HA. Nosocomial candidemia in a tertiary care hospital in

Saudi Arabia. Mycopathologia 2002;153:195-8.

3. Chen YC, Chang SC, Luh KT, Hsieh WC. Stable susceptibility of
Candida blood isolates to fluconazole despite increasing use during
the past 10 years. J Antimicrob Chemother 2003;52:71-7.

4. Abi-Said D, Anaissie E, Uzun O, Raad I, Pinzcowski H, Vartivarian
S. The epidemiology of hematogenous candidiasis caused by different
Candida species. Clin Infect Dis 1997;24: 1122-8.

5. Zhang J, Hollis RJ, Pfaller MA. Variations in DNA subtype and
antifungal susceptibility among clinical isolates of Candida tro-
picalis. Diagn Microbiol Infect Dis 1997;27:63-7.

6. Joly S, Pujol C, Schroppel K, Soll DR. Development of two
species-specific fingerprinting probes for broad computer-assisted
epidemiological studies of Candida tropicalis. J Clin Microbiol
1996;34:3063-71.

7. Mazurek GH, Reddy V, Marston BJ, Haas WH, Crawford JT. DNA
fingerprinting by infrequent-restriction-site amplification. J Clin
Microbiol 1996;34:2386-90.

8. Handley SA and Regnery RL. Differentiation of pathogenic Bar-

tonella species by infrequent restriction site PCR. J Clin Microbiol



10.

11.

12.

13.

14.

2000;38:3010-5.

. Rho J, Kim CS, Jang SJ, Shin JH, Suh SP, Ryang DW. Molecular

Typing of Urinary Isolates of Candida tropicalis by pulsed-field
gel electrophoresis (PFGE) and random amplified polymorphic
DNA (RAPD) Analysis. Korean J Infect Dis 2001;33:392-403.
Steindel M, Dias Neto E, Pinto CJ, Grisard EC, Menezes CL,
Murta SM, et al. Randomly amplified polymorphic DNA (RAPD)
and isoenzyme analysis of Trypanosoma rangeli strains. J Eukaryot
Microbiol 1994;41:261-7.

Thong KL, Cheong YM, Puthucheary S, Koh CL, Pang T.
Epidemiologic analysis of sporadic Salmonella typhi isolates and
those from outbreaks by pulsed-field gel electrophoresis. J Clin
Microbiol 1994;32:1135-41.

Dillon JA, Rahman M, Yeung KH. Discriminatory power of typing
schemes based on Simpson's index of diversity for Neisseria
gonorrhoeae. J Clin Microbiol 1993;31:2831-3.

Riffard S, Lo Presti F, Vandenesch F, Forey F, Reyrolle M,
Etienne J. Comparative analysis of infrequent-restriction-site PCR
and pulsed-field gel electrophoresis for epidemiological typing of
Legionella pneumophila serogroup 1 strains. J Clin Microbiol
1998;36:161-7.

Yoo JH, Choi JH, Shin WS, Huh DH, Cho YK, Kim KM, et al.
Application of infrequent-restriction-site PCR to clinical isolates of
Acinetobacter baumannii and Serratia marcescens. J Clin Microbiol

Hu-Lin

15.

16.

17.

18.

19.

20.

Han, et al. : IRS—PCR Typing of Candida tropicalis 101

1999;37:3108-12.

Wu TL, Su LH, Leu HS, Chiu CH, Chiu YP, Chia JH, et al.
Molecular epidemiology of nosocomial infection associated with
multi-resistant Acinetobacter baumannii by infrequent-restriction-
site PCR. J Hosp Infect 2002;51:27-32.

Franciosa G, Tartaro S, Wedell-Neergaard C, Aureli P.
Characterization of Listeria monocytogenes strains involved in
invasive and noninvasive listeriosis outbreaks by PCR-based
fingerprinting techniques. Appl Environ Microbiol 2001;67:1793-9.
Garaizar J, Lopez-Molina N, Laconcha I, Lau Baggesen D,
Rementeria A, Vivanco A, et al. Suitability of PCR fingerprinting,
infrequent-restriction-site PCR, and pulsed-field gel electrophoresis,
combined with computerized gel analysis, in library typing of
Salmonella enterica serovar enteritidis. Appl Environ Microbiol
2000;66:5273-81.

Dillon B, Valenzuela J, Don R, Blanckenberg D, Wigney DI, Malik
R, et al. Limited diversity among human isolates of Bartonella
henselae. J Clin Microbiol 2002;40:4691-9.

Choi TY and Kang JO. Application of infrequent-restriction-site
amplification for genotyping of mycobacterium tuberculosis and
non-tuberculous Mycobacterium. J Korean Med Sci 2002;17:593-8.
Huang YC, Su LH, Wu TL, Lin TY. Genotyping analysis of
colonizing candidal isolates from very-low-birthweight infants in a
neonatal intensive care unit. J Hosp Infect. 2004 Nov;58(3):200-3.

=22xE=
- - I E
Candida tropicalisq <CA ¥ HAIZ ot
Infrequent-Restriction-Site PCREY T}
"ZEMOfSm o|mihst WM EATME], *RICAl St DA, “HEistnd, *Hutisin o nirhst FctAle|stm Al
s, FRN'2 o 242 MFSP, AME|! 2oy, BOi?, wam?
Bi&: Candida tropicalis®] 23t FAAE FABEA JH AR infrequent-restriction-site PCR (IRS-PCR)*H 9] &

R TS

HiH: [RS-PCRY 2] 58415 H71sl7] $18H pulsed-field gel electrophoresis (PFGE)S- E-3f] ¥o] Fixl
2 ® 8T} 671A FEol F3ll I FEA UTFFE FAHE E 3259 C nopicalis 55 IRS-PCRELZE H4
A7Vvsl7) 18l Candida glabrata$} Candida krusei, Candida albi-
& Ak,

73 2= 9lo)
=

t}. Candida 7%l i3t IRS-PCR H1Ho] 7+ FH &S

cans, Candida parapsilosis®] 479522 FAE 207F5
A1} RS-PCRYEC.E+ AP #5530 S84
5ol A& v IRS-PCREF U TA &2 573l
=9} C wropicalis ERF5S o2 24 #5559
100%°19 e}, ¥ Candida®) 57552

= =2

MNA e 7HA] Candida T5-5 A2 |4A 74

ol

=

R WA A7k =olch. [CHEHIAN|AY

ZE
Ll

=22 1
2130] 4]
kA7) W

Ll

[}
e 7 #3550 7k Welws 54
g Aqdek
ZZ: IRS-PCRE] ¥ 7Z3}= PFGEol v A S ukslA] Eslo] C tropicalisS] 2312 JHE A =8 227|d=
Aoz AAR L AAE0] ol viEE Ea7t C tropicalis®] JEA FHEAAE 2 ZA] IRS-PCRH S F-845
=5t5|x| 2007:10:96-101]

=4
o

o

o =

Z g Ak

)=}
Ao s B
a1

B Tl Sl gl vhrel 75
A FFEo] HU IRSPCRYOZ 5
ol %% Dice AFE 243 AT A7 FAEE 754~

gl

Dice AlFE 25~69.2%%3ch. L

= BAXA

=
bl

3]
A

=]
3

IAAZL  AEA, 501-717, FFFAA FT A4E 588

A ofs ol shohe Alekzl Aol ol

Tel: 062-220-3259, Fax: 062-232-2063
E-mail: sjbjang@chosun.ac.kr





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


