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Molecular Characterization of Genomic DNA and
Antifungal Susceptibility of Candida albicans

Won-Ki Baek and Min-Ho Suh

Department of Microbiology, Keimyung University School of Medicine, Taegu, Korea

Twenty-six strains of Candida albicans isolated from various clinical specimens were tested for
antifungal susceptibility to 5 drugs, amphotericin B (AMB), nystatin (NST), clotrimazole (CTZ),

ketoconazole (KCZ) and flucytosine (5-FC).

The range of minimum inhibitory concentration (MIC) of the drugs were as follows : AMB, 0.25-
1 pg/ml ; NST, 8-32 ug/ml ; CTZ, <0.125-4 pg/ml ; KCZ, <0.125->128 ug/ml ; 5-FC, 8->1024 ug
/ml. 90 % MICs of the drugs to Candida albicans were 0.47 pg/ml for AMB, 1.9 #g/ml for CTZ,
14.9 pg/ml for NST, >128 ug/ml for KCZ and >1024 pg/ml for 5-FC.

Restriction enzyme analysis (REA) using restriction endonuclease BamHI was performed to char-
acterize the genomic DNA of C. albicans in molecular aspect.

The resulting gel patterns of REA revealed five intensely stained bands with ethidium bromide
(8.7Kb, 7.6 Kb, 6.6 Kb, 6.0Kb, 3.6 Kb). These intense band patterns produced three strain types
(group A, B and C). Group A had 8.7 Kb, 6.6 Kb, 3.6 Kb bands. Group B had 8.7 Kb, 6.0Kb, 3.6 Kb
bands and group C had 8.7Kb, 7.6 Kb, 3.6 Kb bands. Among the total 26 strains, 21 strains be-
longed to group A. Group B had 3 strains and group C consisted of 2 strains.

In order to elucidate the ras oncogene expression in C. albicans, southern hybridization of BamHI
digested C. albicans genomic DNA with a-**P-labeled v-Ha-ras probe prepared by nick translation
was performed. The v-Ha-ras probe was hybridized to C. albicans genomic DNA at 4.9Kb.

Key Words : C. albicans, Chromosomal DNA, Restriction enzyme analysis (REA), Ras gene.
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Fotn FATA #AFAE AAE LGS F 3
AR kAo AEALgo] AHY Heolth 2
Ay A FJTA FFE AAAEe g2 &
ARG AUn de ez AF¥HL glaor
53 BEsE @Apgel flx, FF5%, WA
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AATE7t BE AolE Holi AT

HA7A Candida®) J8+7 ZAPEH L bio-
typing’®*®, &4 EAHAP, killer toxinel ot
A A, MFFUD, WA LES geet
A AAFA®, d382  HAPY, immunoblot-
tingZ7l 5% olg9 ZFoZ o|FojA
o, 2 EAYESY wddd Yol chro-
mosomal DNA, ribosomal DNA'™, mitochon-
drial DNAS®& £&3ld AFas FE4s
vlwst ALY DNAEHAR}E ol &3 hybridiza-
tion*®, contour-clamped homogeneous electric
field electrophoresis (CHEF) 5302 A}23F 33
W AA7L Pssl slel dstzapiEel 2
e Qo

B AfdAE x4 HAYe FF s
dagt 7|2HA 48E ATtz A
N8N AHo =& F1A 5F9 ¥AF
Aol NI FEAH HAE AFFAen C
albicans genomic DNA 2] EA1 & B A5t o]}
gl EAATHH AstzAE A% AuR
28 AFstnA AFEAA BemHIE o] &3
genomic DNA restriction enzyme analysis$} ras
gene& A A& o] 83 southern hybridization$
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19903 3YHE 129 Alold] AF sty A
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forme] FFEL A2 Koneman®'P9 W
HozZ A e germ tubeitAWAE, corn-
meal agaroll 4} 9] chlamydosporest3 43, 42
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A9 26 Aol AME-3H% -
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Amphotericin B (E.R. Squibb & Sons, Inc.),

flucytosine (Swiss Roche), clotrimazole (3t

P
444

3 DNAEA]

vlol ), ketoconazole (t) 4 ¥ ), nystatin (E.
R. Squibb & Sons, Inc.) 5 5% IXRFAE 4
3l c}r. 2+ kAl & clotrimazole (CTZ), nysta-
tin (NST), ketoconazole (KCZ)2 dimethyl sul-
foxidedl], amphotericin B (AMB) ¢} flucytosine
5-FO= ZH+5d 242 £842 * 284
2 a4 gt

74243 AALE SteersF?”¢] multiple inocula-

‘torE o] &3ty 3z 3] AW (agar dilution meth-
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odye 2 A}3§3}l4t}y. Sabouraud brotholjA
FE 37C, 18A1ZF wigs 3 AdAgFyz &
& 105/mlz 3 A5t o] & multiple inocula-
tor2 7zt FAZAE WiFIANY T2 Fa
3% Sabouraud3HHF e Ao HEI o
25C, 48A1ZF Wikt & HEE A IS &
F& Bol gAdA e HAWMFAAFE (MIC)
g AA s

3. Chromosomal DNAE2| % HstgAXze|

Vazquez509] i & thA 3 8l chromo-
somal DNA¢] E&E Ag3t9 . Sabouraud
agar mediad) 4] 37C, 36A1%t C. albicansZ i
%t e ddH =S 5ml YEPD broth (1%
yeast extract, 2% peptone, 2% dextrose)o] &
F3lod 37C, 2447 B MG dAE A2
oA 5500rpm o 2 1587F Ao FAAIES
Ak ¥olA TXAE 1ml sorbitol solution
(0.9 M sorbitol, 0.1 M Tris-HCI, 0.5M EDTA) 2
2 RgA7 F o]& 12,000rpmo.E 3 &t
Al FHAFE 9o] o] & 0.5ml sorbitol solu-
tiond] AE-&AZ L& 0.28M p-mercaptoe-
thanol 50 #19} zymolyase solution 30zl (20 mg/
ml in sorbitol solution, Kirin brewery Co.) & 3
7}sled 7 &85 ¥ 377C shaking incubatorol
3AI7E 3087 & % 12,000rpmo g 2032 93
3t3 0.5ml TE buffer (10mM Tris-HCl, 1 mM
EDTA)d] 8§38t 504 10% sodium dode-
cyl sulfateE 7}8la 65°C 3H&4Fo] 2087
X3 & 20041 3M potassium acetateE 7} 38}
o Z T S & 308 o)A WA
°]& 12,000rpmo & 5E7 sl HE2A S
Irstgdth ggd A5 Ao FF9 phenol/
chloroform/iscamyl alcohol (25 :24 ;1) mixture
7}3le] phenol extractiong& Al33st & 2
volume cold absolute ethanol?} 0.1 vloume 3M
sodium acetate® 7}3te] DNAE A A A Zth
A8 DNAE 200u TE bufferd] =o 4Tq)
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4 pgoll | Fsh= vloumes F 3oy 16U BamHI
(BRLA) 2.2 37C, 647 AHFHFE 10mM
EDTAZ w&g AAAH oM AdarHed
DNA+ type I gel loading buffer (0.25% BPB,
0.25% xylene cyanol, 40% (w/v) sucrose) & 7]
¥ b8 F 0.8% agarose geld o] &3}
38 H7)9% Ax| (Hoefer scientific Co.) 2

submarine electrophoresisa} i t}.
4. Southern hybridization

Southern hybridization& Sambrook5*¢] HF
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< denaturation solution (1.5M NaCl, 0.5N
NaOH)Z WAl A]Z]l 3 neutralizing solution (1.
5M NaCl, 1M Tris) Z3}A]7]22 20xSSC
(3M NaCl, 0.3M sodium citrate) & nitrocellu-
lose (NC) filterol] transferdt & F7] ZofA]
AZ A7) vacuum ovenoA] 80C=ZE 90 7F
7}esled ZAAZHG. AFRA NC filterE
prehybridization solution (0.75M NaCl, 0.075M
sodium citrate, 0.2% polyvinyl pyrrolidone, 0.2
% bovine serum albumin, 0.2% ficoll, 0.1%
SDS, 5% salmon sperm DNA % 50% for-
mamide) © 2 42Co|A 207t prehybridiza-
tiong A]3§3 Z nick translation kit (BRLA|)
g o]l &3t PR EAAIA Eo|&A3s} 1x
10%cpm/pugol’d € Al g v-Ha-ras probeE 7} 3}
o] YFE hybridization solution® @ 42°C &4
oA 4041 HESAIZL T oA 2xSSC
(1xSSC ; 0.15M NaCl, 0.015M sodium citrate)/
0.5% SDS=Z 10%, 2xSSC/0.1% SDS=Z 20&
A=A 3 0.1xSSC/0.5% SDSE 37CoA 60
£, 0.1xSSC/0.5% SDSZ 60T 4 60%&, 0.1
xSSCE A& 108 AF3 T NC filterE
371 FolA AERAANT Fszade] HAXH
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2] ¥ C. albicans 26F 9] 5F& 9] -7 T Aol
Fed ZHALA#E Table 19 Yeh S
- A Y] RF A A F L7 imidazoleA] FA
clotrimazole2 <0.125 u#g/ml-4 ug/ml, keto-
<0.125->128 pg/ml © ¥, nysta-
tin 8-32 ug/ml, amphotericin B 0.25-1 ug/
ml, flucytosine2 8->1024 ug/ml2 UE}T}.
0% T FFE AX e dAFEE 90%
MIC+= amphotericin B 0.47 pg/ml, clotrimazole
1.9 pg/ml, nystatin 14.9 ug/ml$ © ™ ketocona-
zole¥} flucytosine> 247zt >128 pg/ml, >1024
pg/mlE AW AA TR A JErh
Fig. 12 C. albicansZ %€ 283 chromoso-
mal DNA<9} RNA¢l A7l %5 24oltt. Lane A
+ 48.5 Kilobase (Kb) 2] 1 DNA, lane G& A3}
a4 HindlI2 ZHY¥E 2 phage DNA©| ™, lane
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Fig. 1. Electrophoretic patterns of chromoso-
mal DNAs and RNAs from clinical C. albicans
isolates (0.8% agarose gel electrophoresis, 15
volt, 14 mA, 20 hours). Lanes ; A, 2 DNA ; B-F
and H-L, chromosomal DNAs and RNAs ; G, 1
DNA digested with HindII.

Table 1. Antifungal drug susceptibility of Candida albicans at 25°C incubation

a)

Antifungal drugs ey M (5,8/.%/‘{11’11) 90%
Clotrimazole <0.125-4 1.3 1.9
Ketoconazole <0.125->128 1.25 >128
Nystatin 8-32 8.3 14.9
Amphotericin B 0.25-1 0.36 0.47
Flucytosine 8->1024 46 >1024

“50% and 90% are MICs required to inhibit 50% and 90% of the strains, respectively.
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WA 7] = Candida®)

B-F, lane H-L-& C. albicans®] genomic DNA 2}
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Fig. 2+ C. albicans5%E] DNA<} RNAE

Hel3d % RNaseE A8 sled RNAZ A Ast
3! chromosomal DNA T A7) 53 ZAi}o|th
Lane A-F, H-N+ genomic DNA©o| ™ lane G+
A& A Hindll 2 H 3k 2 DNA size marker
o)™, lane O 1 DNAo©o]t}. Genomic DNAE &
o 70Kbz71 & YERH

Fig. 3& C. albicans®] genomic DNAE =3t
&4 BamHIo 2 AW3le] 1 28S A7|A%E
3l Zlolt}. Lane Hy 23.1-0.1Kb A}o]e] 87)
o] ¥ <& 7}A = HindIl digested 2 DNA S 4
Aol Lane A-G, I-O&= genomic DNA 9] #|
3t & & BamHIA @A olth. C. albicans®] geno-
mic DNA= A8+ & A BamHIol| 28] 5479
AHAo®E HAYH oW ethidium bromide (Et-
Br)ol Z3tA 9 ag 8.7Kb, 7.6Kb, 6.6Kb,
6.0Kb, 3.6Kbe] zt7] th2 Bxreke 717 57
o Eg& #BFY F U ztk C. albicans
straing-& Wi FElA 3 FatA A=
°oJE EYEEL AL Ao olFo] A=

= = =
strainE< 3719

3o FAdd
groupo. & EFT & 3l
Table 2= Fig. 19] %3}

el wet 7+ straings &

2
2
i
S
I ot
L 1o
o2

=
M 8.7Kb, 6.0Kb
3.6Kbe] HAHE 7}x = group B 3%, 8.7Kb
7.6Kb, 3.6Kbe] AHE 7}x = group CE= 2F
o HITE HYth

Fig. 4= ¢-**P-dCTP2 # A ¥ v-Ha-ras gene
probeE o] &3} southern hybridizationZ 3} 2 A]
BamHIo 2 Agtg4 A2l¥ C. albicans geno-
mic DNA 2} ras gene3} 2] hybridizationo] 2 4.9
KbZ oA dojde #&E 4+ AT

A F443 DNASA
n o
Aol RN g FYel W sty 5
of W A3 HY L B £y =
o] A, 283 FHEA So] YojA FLat
AEHe Bde Fbe] YEES 43 wo
A B CDETFGUHTI JKLMNDO

Fig. 2. Electrophoretic patterns of chromoso-
‘mal DNAs from clinical C. albicans isolates after
RNase treatment (0.8% agarose gel electropho-
resis, 15 volt, 14mA, 15 hours). Lanes; A-F
and H-N, chromosomal DNAs,;G, lambda
phage DNA digested with HindII ; O, lambda
DNA.

Fig. 3. REA

of C.
DNAs after digestion with BamHI and electro-
phoresis on 0.8% agarose gel (12 volt, 11 mA,
20 hours). Lanes; A-G and I-O, C. albicans
restricted chromosomal DNAs ; H, 2 DNA Hind
IM digested.

albicans chromosomal

Table 2. Comparative analysis of C. albicans strain types based on BamHI restriction patterns

Size (kilobase) of restriction fragmetns

Graup 8.7 76 6.6
A as +
B &

C + n

No. of isolated strains

6.0 3.6

+ 21
- -

- 2
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49Kb

Fig. 4. Southern blot analysis of genomic
DNAs from C. albicans digested with BamHI
and probed with the a—**P-dCTP labeled v-Ha-

ras gene.
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3] polyene7l o] °FAl ¥.oh imidazoleA] o] kAol
X Folzk AatAl vehdm dohv. 2 Adlel
A AR FY g2 HuxEY ZYE vHudR
A AMB9] MICx= MoeprichS'¢] 0.96-2.4 ug
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S5ug/mlEtt =& 8-32ug/mlE YES I,
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-4 pg/ml, <0.125->128 ug/ml2 HEH= 5
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71 & : Candida®] BT A 7447 DNAEA
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hybridization& A &) &4t}
5%9 A i A HAF A,
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