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=Abstract=

Diagnosis of Causative Fungi of Onychomycosis Using Polymerase
Chain Reaction and Restriction Enzyme Analysis

Hee Jae Chae, Seung Cheol Baek and Baik Kee Cho

Department of Dermatology, College of Medicine, The Catholic University
of Korea, Seoul, Korea

Background: Onychomycosis has become one of the common fungal infection. However,
highly reliable and sensitive methods of detecting and identifying causative fungi of onychomycosis
are not established yet. Polymerase chain reaction (PCR) analysis of clinical specimens including
blood, sputum, urine, and cerebrospinal fluid collected from patient systemically infected fungus
is known as a sensitive diagnostic method. But it has been questionable whether PCR analysis is
also applicable to onychomycosis.

Objective: The purpose of this study was to develop a DNA-based diagnostic method to
improve the sensitivity and specificity of detection and identification of pathogenic fungi of
onychomycosis.

Methods: To detect the fungi in the nail, PCR was performed by using 4 sets of primer (TR1
& TR2, NS5 & NS6, B2F & B4R and CAl & CA2) designed in conserved sequences of the
small ribosomal subunit (18S-rRNA) genes and restriction enzyme analysis of amplified product
by Hae IIl was done to identify species. Nail specimens were obtained from 19 cases of
onychomycosis confirm by fungus culture.

Results:

1. Preparation of nail powder, which is necessary for removal of keratin, and composition of
lysis buffer with guanidinium thiocyanate, Tris-HCI, and B-mercaptoethanol are the most proper
modalities for isolation of fungal DNA from fungus-infesting nails.

2. Specific fragments of the 18S-rRNA gene of fungi, 581 bp, 308 bp, 688 bp and 1106 bp
were amplified respectively. From sequences of 18S-rRNA gene of fungi by universal primers,
dermatophytes (Trichophyton rubrum, Trichophyton mentagrophytes) and yeast (Candida albicans)
yielded identical products.

3. Using Hae 111 endonuclease, digested patterns of fragment of Trichophyton rubrum and
Candida albicans resulted in different pattern.

Conclusion: This method released enough DNA from fungus-infected nails to result in proper
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amplification and it can be possible to differentiate dermatophytes, yeasts, and molds using Hae
11 endonuclease. The present study is the first one to demonstrate the feasibility of this
molecular biologic approach to identify fungi in the infected nail. Therefore, precise detection
and identification of the causative fungi would be of help in investigating distribution of the
causative fungi of onychomycosis as well as appropriate treatment of the disease.

[Kor J Med Mycol 4(1): 6-14]
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ZAAFEF L £FoY BFol Aol A=
o] YA AR HI =¥ AF9 F7,
oFE &, B8 AH g Ax2 HA e F
2 29 847 24 F7hskn Aok, 2343
FZ2E 23 A ¢ 50% ©) 4 AA g A
o A BE AN FAEAE 3~674H3T
A7) Fojstojof Fri iy YA er A4
oy} HejM G} o] xz}AFF I} HHel
olgl & Z17t Ago] A& 4 A A73te] A
TFA B 2HEA 5o Fago] AL F U
X7 Aol A &g 7Fer# zcke] g gsict. =
@ AT ES dnkAQl H R AMYE (dermato-
phytes) ] el & 27 (yeasts) 3! ¥ g mold (non-
dermatophytic filamentous fungi)7} Q13+ o= 2H&
&ta glom Yol wE FadAe] ol
2} o] & die 71E9] FAdA ] AFY
S Ha" 217 Ao 1@ F4E A&
alo] g Al & Ada)of ot

Z23A 7% A R FAH o= oA 7HA po-
tassium hydroxide (KOH) =% ZiAle} 213t v
AAY F2 o5 Ytk KOH =% ZHAle
A Eol 40~50% AR AGH oz} vt
A W FHALe] S-ole wg AFEo] 20~
50% AL g1 A Q9 ToE U 9
F7& B BE o2 gl AT

HZ ZAaddol dg FAAE ol & BAA
B3t Age 4 FJgstn g Ao
Z APE 1 Qo] 94 T8I AW Fel o
g A, A4, ¥ Fo HHES EAREY
A Agko] o] gstx Yo’ 2 2{AT

Aol 44 2t
s

FE 20T AR

wolm ¢

Q #FE H&s FAs7] st 23U 2
& FAAE €53 sk PEE Nt
o Z§#HAAH kL (polymerase chain reaction;
PCR)] A2 A 49 #5& 2 TF
¥ A 2} 8 4 g E A (restriction enzyme) 2 A 2]
gta] Jepd Aehek/del ohdlA] (restriction frag-
ment length polymorphism; RFLP)S. 2 1%13 0]
9 RAVYE, AR, mold F ol il &3
A A S Adste S BHoR
Al =5 2l e}

Mz Uy
LAY HE: EUEY MY

KOH =% ZdAbeh 2 w2 AE S8 234
AFZoz Agd 194 & didez i =
e ERS ¢3LE G F AT Aol A%

= z7t3}zhE}l 22| (subungal hyperkeratotic por-
tion)} 27+ (nail plate)S x| 3}& A7] £447]
(Marathon-1 power grinder, SaeYang Company,
Korea)2 Zo} &4 A& F -20TC 3
% aaetgich Ao AHEE 23S AIMY
ZAAZ 89l Trichophyton rubrumol| 2] & %3t
213+ Z 154|, Trichophyton mentagrophytesel] 2| &
23t A 2 39|, Candida albicanso 2| & Z3}3
&% 142

2. A4 Uy

1) DNA =&

HAE ZYELTZEE DNAE F&8 U7
93te] o) Mo WEE =8> oA Sabouraud ¥l
Aol wjFy 2AFo2FE DNAE F&3 e
w2} A 2HE o] 19 DNA $33% & Bl
th. A A5 DNA F&9 & teehd oaat 2
t}. 5~10 mge| FFH-E-E 400 pie] 1% sodium
dodecyl sulfate (Sigma Chemical Co., St. Louis,
MO, USA)el] 108-2F 4 &l A He] F 12,000 rpm
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(Centrifuge 5415C, TUV, Berlin, Germany)el] A{
SE3F g e AHES A 4 M
guanidinium thiocyanate (Fluka Biochemika, Japan),
0.1 M Tris-HCI pH 7.5, 1% PB-mercaptoethanol &
AE g3l 3 (lysis buffer) 400 plE @ o A&
ol A 15§23 wk-g-A) 2t} 400 pie] phenol (Sigma
Chemical Co.)®} 400 ple] chloroform (Tedia Com-
pany, Fairfield, Ohio, USA)/isoamylalcohol (Sigma
Chemical Co.) (24:1)& FM U2 ¥ S¥I =
EGE e 12,000 pmol A ST A4 ¥ F
FEol g 35ehe g€ 28 W Agaa.
480 ple] 88% isopropanol (Sigma Chemical Co.)-
0.2M potassium acetate (Junsei Chemical Co., Japan)
& 93 20CelA] 1087 ¥gA)12) & 4Tl
}-1 12,000 rppmo. & 10%-7F Y4 5-2]) 5}a] DNAS
g 4=38k9 ek 500 ple] 70% ethanol (Sigma Chem-
ical Co.)= Al 2} g % 10 ple] TE €+ (10 mM
Tris-HCI, 1 mM EDTA (Ethylenediamine- tetraacetic
acid, Sigma Chemical Company) pH 8.02. 5 DNA
$ o] o] 2 WS FYRLANNEE 73
(template) ©. &2 A}-8-&}5 o}

Bock 5'*& 3% sodium dodecyl sulfate, 50 mmol
Tris-HCl, 50 mmol EDTA®Z &3&] &4 24
El'%i.:_ Maiwald 52 Sabouraud ¥} %] ] ] ujjok

& Aol FHFol AH K5 (suspension)A]
?IE “J"ﬂ% AH-g-stgi ot

S| ARt (T, rubrum), B3 (C. albicans) V)
7 wlgE 2 9l Sabouraud ®)A| 2 ELE]
T A5 DNA & o2 23 DNAS %
Skl ot

2) Al

X7 18S-IRNA f-Azt2] A o] BE F7)

¥ (fungus-specific conserved sequence)S 2+l
2P 2 o AEA 4 4 (Table 1)& F4 3
At (Bioneer, B4, &). FAE AldA e BE
7172l 18S-IRNA fA Aol FEAQ BE ¢
MES FuR nke F7 Al'2A) (universal pri-
mer)°] t}.

3) SEELMYEIE

5 ple] 10w yHg- ghZo (10X reaction buffer,
Takara Biomedicals, Japan)®} 4 ple] 2.5 mM dNTP
(Takara Biomedicals), 1.25 unitse] Taq polymerase
(Boehringer Mannheim GmbH, Germany), 20 pmol
o] AIEA, 2 ple] FEefo] Fol A= FPHAA
ARrgAol FHFE H7et F &3] 50
o] S|=% 3%ttt WEAL FHALAHNS
7] (Takara PCR Thermal Cycler MP, Takara Biom-
edicals) 95Tl A 3%-3F Z7] WAIWE-S (initial
denaturation) - 95| A4 13} denaturing, 55C

ol A] 132} annealing, 72Tl 4] 157} extension ¥}
A& 358 At FPALANNS F g
A& 1% g3 20 (NuSieve GTG agarose, SeaKem
GTG agarose, FMC Bioproducts, Rockland, ME,
USA)el| A A7 § ethidium bromide (Sigma
Chemical Co.)2 @4 &te] zt2]M FAL7] (ultra-
violet transilluminator) 2 =3} o}

4) Z! 3% (gel elution)

TEELGHN G oR FTEE FEZNE0 ¥
e FHAE FA G oS ¥ 5ol wg S )
Asta Sold & gol7] A&l A /&S AP
Atk

A719E F FEF3EE L85 9+ band
FAE AL FA] delM Zehd oh-g Jet-
sorb Gel Extraction kit (Genomed, NC, USA)<:- A}

Table 1. Primer sets designed on the basis of the conserved sequences of the small ribosomal subunit 18S-

rRNA genes
Primers Sequences Position Size

TR1 & TR2 TR1 : 5-GTTTCTAGGACCGCCGTA-3' 798-815 581 bp
TR2 : 5-CTCAAACTTCCATCGACTTG-3' 1359-1378

NS5 & NS6 NS5 : 5“AACTTAAAGGAATTGACGGAAG-3' 1093-1114 308 bp
NS6 : 5-GCATCACAGACCTGTTATTGCCTC-3' 1377-1400

B2F & B4R B2F : 5“ACTTTCGATGGTAGGATAG-3' 276-294 688 bp
B4R : 5“TGATCGTCTTCGATCCCCTA-3' 944-963

CAl & CA2 CAl : 5-ACTGCGAATGGCTCATTAAATCAG-3' 48-71 1106 bp
CA2 : 5“AGTCAAATTAAGCCGCAG-3' 1136-1153

Size : size of amplified products
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Fig. 1. PCR results of clinical specimens of onychomycosis and cultured fungal strains by using a universal

primer set (TR1 & TR2). Lanes: L,

100-bp DNA ladder (GIBCO BRL,

Gathersburg, MO, USA); A, Trichophyton

rubrum from toenail; B, Trichophyton mentagrophytes from toenail; C, Candida albicans from fingemail; D,
normal nails; E, cultured strain of Trichophyton rubrum; F, cultured strain of Candida albicans.

&-8ta]l DNALTE 363l ok NaClO,
EDTA £F3=9), sodium acetate F=A1 ¥l A1 &<
300 plel] zbeld A ek 10 ple] glass milks: 4
50T e ;,1 1587} ul-.*‘*. Al 71 314,000 rpn]o” A 1%
B QA ste] YARE Bt
o] ethanol, NaCI-EDTA, Tris-HClC. & A ® A2
-9 300 plE 7Fsbe] 14,000 rpmef] A 18-3F 91 4]
ol AHEL 20 ue FHFE
50T 3ol A 3%’.-/.‘? A2 o
o]] )\-1 12-1.7|- .r(] ;.I_H_
HE &H ol & 12
et

5) Mgt&E

A g

Tris-acetate-

no 1 - z) ,‘q _.,;

|% o]

2 ¥
14,000 rpm
2] 8}l o} M— =2 oll _Q‘_‘ Nae =
plE A FaEAEAM ) o] &35}

24 (Restriction enzyme analysis)
3 Qb8 12 pl, 2 plo] ¥k 2o
(M buffer, Takara Biomedicals), 5 ple , 1l
o] Hae Il #] §+ & 4 (Takara Biomedicals)= # &
oF 20 plo] wh-g-o-8- vkE-0] 377 A 24 7F E<t
WAL Wg g 3% B 2 (NuSieve GTG
agarose, SeaKem GTG agarose, FMC Bioproducts)
oA A7) % A2 T ethidium bromideo] ¢
Nahel A2 A FA) oA BB

‘o‘ﬂ T

2 1
1. SEHEAMYSE 0|BE ZUXTE2
Flc

zl T "”ri 7]

oo U ] gleol zlyto] ¥rel 2l =

A} 2
AHrell Al Bock %'*o]yt Maiwald 5-o] gt

=10k

581 bp =7] ]

4 1106 bp

4 638 bp

600 bp » 4 581 bp

4 308 bp

L A B C D

Fig. 2. Amplifiction products of Trichophyton ru-
brum using various universal primers for fungus-
specific 18S-rRNA gene. Lanes: L, 100bp ladder
(GIBCO BRL); A, primers NS5 & NS6; B, primers
TR1 & TR2; C, primers B2F & B4R; D, primers
CAl & CA2.

g Sabouraud ¥} A] £ 5-E] Z17F DNAS F=%8) U
£ o RE 2F DNAE $38 ¥ §
o}. AAgo] mety DNA FaWoz
DNAE #%& % TR1, TR2 A3 2 ZZ & v}

F&AHgo RAHAUT (Fig. 1),

=l ) ukLo) A

o o
A

1.|}_- '.'! o]

Q Ay fl Hulaz i e_ﬂ r','l ; “nl 84

e TEAHTo] AR gt A3 ALgH
S| FARd Gt (T rubrum 1590, T. mentagrophytes
3al), AW (C. albicans) 19| 25 28 A)ubi)
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Table 2. Hae 111 restriction enzyme maps of a representative fungus of dermatophyte, yeast and mold

TR1 & TR2 NS5 & NS6
. rubrum : —t—] - = = |
(Dermatophyte) 442 90 49 147 90 63
C. albicans — } | — } |
(Yeast) 437 142 163 144
A. flavus - ] - bt
(Mold) 441 59 5030 146 71 59 30
Continued
B2F & B4R CAl & CA2
. rubrum - ] - = bt
(Dermatophyte) 306 225 54362522 415 306 193 63 5436
i it
109 6 25109
C. albicans - bt - bttt
(Ycast) 220 157 150 12819 408 175 157 150 12063
A. flavus - ———+—— = } —i1—
(Mold) 315 226 64 61 21 416 315 249 6461

A synopsis of the predicted fragment patierns obtained by digestion with Hae 11 restriction enzyme should
theoretically facilitate individual recognition of each fungi. Predicted cuts are based on published sequences
(PubMed Nucleotide Query) of 18S-rRNA genes and amplified products of different primer pairs. (T.:
Trichophyton, C.: Candida, A: Aspergillus)

o o]sted FUF 27]2] DNA HHo] FEH o]
100%2] k4] &8 X gt} Sabouraud vj =] o] wjj %k
T rubrum, C. albicans 2 H-E] = FU g A7) 9
DNA A#Ho] FZ 5t}

717 18S-IRNA §A 2}e] M2 o 39 = sebph
s 1t @ o2 Al 4] AR E AHE-3 N
ZRELAH NG ME 308 bp, 688 bp, 1106 bp
7t Zt2t ZEH0en (Fig 2) %9 ¥4L o
EdFdME 2& A& Y.

2 M EAEME 0|88 TUXRE el

4 4l5bp
4 06 bp
< 193bp

p—
—
| —

7o =X Fig. 3. Hae III digestion pattern of PCR products

from Trichophyton rubrum by using primers, TR1 &

THELANNG R FFE AT /RAAE TR2 (A), NS5 & NS6 (B), B2F & B4R (C), and
shte] ABEA oz Qo Ao :Il A} CAl & CA2 (D). L; 100bp ladder (GIBCO BRL).

bat, AR, mold 3 o= el 43
gHow TAY 4 e ATAELE A A ol g A 44 (Table 2)3} 9 2] 8= 2 2}
23} Hae Il A\ EA7) 7173 A e 2oz & XY} (Fig. 3, 4). 221\ T. mentagrophytes©l|
221t (Table 2). A= 18S-IRNAC| @7|M Qo] 2ejz] QA ol
¥ AN Hae I AFRAENE F3) 4 Hae Il A @A A¥N S 4 F+ Ao
ol ALEF W dlel| A T. rubrum, C. albicanse)]

:4.-\1 e _h'_
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A
Fig. 4. Hae llI digestion pattern of PCR products from Candida albicans by using primers, NS5 & NS6 (A),

TR1 & TR2 (B), B2F & B4R (C), and CA1 & CA2

a

2k

#a) o 50,0000 o] 7gto] wralA glon}

BAYE A F& o 3000 Folr}. o] F I3
AF5E 4o § Y& TFL 2A A
T, AT, moldZ UYis & AT, £Foly
Fol AF A2 Q&) Bste 24N 7S
M B BARE, AR, molde 25 €9 A
22 A4% & o 2 W4 NEY ¢ H &
ol daiMe Buzte] wet 2 o]& BAGH

. oole 22AFFE) WAl @ YA o]
U AdHoz 7 o vok A E A=

59 A‘r°l WEY FE Qo Aoy 2
AAF 3 AeaA ww e Aol
@) wf} @7 WEolth. H2 1 5% 38 ¢
A '“Hﬂ?.lt* o KA 91°ll AR o] moldei]
o gt A FFol Y 2FF o|4te] # o] Eg

FAL: {mlxcd infection)® =717 Z2] w80
Z7vela glol” Hekg A 54 gl

WAl A8she A 71E gAFAe 28 A
o &o] golA Ao w doidct webr 2zHa
T52] AGES Folm YdHor A A8
Al AEE 9l e B 9izteln Hate g
3 EA o] M A si.

=z, ]-,c] '.’\L-J;c‘l A]L‘-lll =4 ; _'L;_:}.;_l /}.-xl ':o:_g,}
o] E,L':l i 9 KOH £ ZAls AL v gog
M&ska goldhAl Ade dAh EaE g9
& 4 e A AP elY A Fo) 40~50% 3 =

¥4 g o8 2UAFZF 9

aunr

B

(D). L;

g

= Aol A

4 408 bp

4 220 bp

4175 bp
4 157 bp

4 128 bp

C D

100bp ladder (GIBCO BRL).

Z 08 99 giAgFFolne Agd o
Rx7l 374 dojd 444 &8l oj2lge] B
o £ 27 AgoM A FFe] ¥2E 9
A= 2T MFAA S §8 53 o *.‘!-?41'34
Agt 23R FFANM wF AFEES 20~50%
Ae g GBS ol olugl dukite] 9¢ o g

ol o
T T

As) YA FFE FRshen)
o}, w3 A v LHALE

2w ok wj2) 2

t HARZ AS

ol2{go] 3
dalnE Aol g
r EFE ]G 230 R3]0} 3}

+ 9 A% #ARA o
23 o] de] Wik 7]2te] Moy Ax Gy o|ch
KOH =2 ZHAN z3 wjekzd Al 2]q] H2
ATFZe = 21tk o & =,\,| W o 7z 3} 8
¥ (immunohistochemisty)@} & Al E£A4] 4R (flow
cytometry)o] 47§ 3 o}, 2]} o] 7 $-9

£ A9E 98 231 Lalstalol s Wz

Z

[«]
Ly

2813 S gl zhztel Ao HolF o
&4 &4 (monoclonal antibody)& E 8 2 &}nj
FF AEABYE dAE BE2H 2 B0
o] 4% Sl g A4 Sol sl welr 7

Eo] 2] Ag 9 £ BHE nosuA
ok A gakn A& Ag 3 A4S A Az
€ 2T T EAYERH e R T3
W& Aztal |

Z=ol| A &l
A4
ey -5‘: 74 wzteta SolAo] Ho ™ 1 pg
o] de A FAAUCRE Fdo] 715

v 23 @39

Q37 &N, Ag 5o A8
FRALANNE L o] §8 LAY B

o]

1=}
1
2]

oA A

-5k A

oz a4 A’ 2 ¥
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AETH A e $HFoz ¥ =
HlelM A FAAE ¥4 flo) €5 ¥-23
oo 3l 7| &) FY, &, AF 5o /HHE
X Ag FAAE FEse ol AF
Ao M RAF FHAAE FEe PP er
© £ AE /FA2E FE28 F A o
© Ang x3te] 74 JES AR 83
AlZIHA A FAZe] ML A8 5 de A
3 21& WF7]7F olg7] WY Aoz A
zhgch whebd HAES 72t g & 988 8
7] A& 23HE A7) =”E Zol B ey
AR et RS A2 1% sodium dodecyl sul-
fatei2 A 2] 5}l c}h. g9 4] <) B-mercaptoethanol
I MEE GalA 7] 5 FA 2} A7) 7] 9] % guan-
idinium thiocyanate “12] 30 Tris-HCI® pHE =4
& g3 S A4St A FAA e
A 2315 AP 8.

2@ M el ribosomal RNAYE B A £
EASFAAN AGAYqA 2 AA ol w2} FE
2o & e B @7 A Y (conserved sequ-
ence)?} ZalE| WA 2}7] depA]= Wol gr)A
& (variable sequence) & Al ¥|o] glo] #H it H-A4}
A E}A LA AT 713 e o] &5 1 3l
o}, 218 4) E 9] ribosomal RNAYE 7)ol w}a}
large-subunit ribosomal RNA (28S-rRNA, 25S-
rRNA), small-subunit ribosomal RNA (18S-rRNA),
5.8S-IRNA, 5S-TRNAR | ojA» o] F 18S-
rRNAYE A3 277} 1,800 bp A =2 ¥ 7|
A2k Wzt gol gk Azjoln o] f471AE v
&o| ¥A] ot Ao AF LT ¥l F
2 ol g5 P AAES ¥ AN 2
T 18S-RNA A4 2}e] HE GrINE S Fng
20T T TANETH 71T o] &3t ¥
o] 471MEE Fug U 79 FH o] &
shgl ot

B AgME Ao TEHRE Yehde
HE G71ME S a8 AZE ALAE ALE
gl Ad FAAE FHFAZLER FRAG
@, AR, moldo| A BF e A7)0 FF &
4& Y Aol o dHAR #Ate) =3HEE %
At iAol v 3 FAPSE, AR oA
€ ol #9% 4 AJA (Fig. 1). AF 713
moldel] 7+ ® 2 FF o7k YA7] W&ol
moldol| A = o] & &<QlshA] %&k%l oy moldol
HEE 2N TTE B BE A9 18S-

-12-

RNA A zle] 52 BE G7MES In
2 1¢E TH AEAE ALEglenr 2
2719 S F3E& B Ze] g3l ey
AAEe] Qg FAA =2 S B8 =3¢
AdF 23 AT AR F=F0] 7heEy
ol & F 5eo| AL E ALY FHELAY
WSS B FEZAZ oM A TFE Atho)
7He S S8 ol EAESA AT
Hoz RS AGEE 9% )43 &Y
F A& Ao g 7ldEc). =3 2ide] HIe
EFoln AFAALEN A o & AAF FHE 9
& Zd 18S-IRNA R #ke] M2 o2 ¥9& 5
ZFA17]17] $1& o8] Al (NS5 & NS6, B2F &
B4R, CAl & CA2)E Ab§-&ha] StE A nkg-
S AP AR dEE 279 FAA FES
B (Fig 2) ¥ el nehe A F42 3+
ZF o g Ydh= 213 18S-rRNA 4 4 59
& 2Z8 5 IS g9 5 At

A fAAe] AGFEARA S Fa) JeRYe
g @2 slle] #F (strains), T E-S 8}
Eu 9 o f5m AP Y. 2gAFENA
AW o4} FHo g g e Fo YA
EEE 47 e $AH0r 99 Ao
o] AR, AR, mold & o] FHol| 43
A B2 o] Had. gy HAEL
Ao FHEAAYNS Antzn 23}
AdFel Add B S- A&8n A&7 3&
A3l shte] A FdaA: ez r 99 o] I
AP, ARFE, mold F o= #Fiel &3
A & F U AJEAE Folugict 1 Az
Hae Il A3+ A 4 ShTre 2 Al g A AR S A
Pl 4 o] & T 5 UL Ao r Yzt
5] 13 (Table 2) A A] A FE LA A% o] 9}
ol 2) &} o} (Fig. 3, 4). 128} 7] $-of] wabr] 5
BAPS, AR, mold Yol A Bt &g &
FA87) A= A 18STRNA FA2 ¢7)
MEE F2 5 /19 AFELENE FA
NP +5 9lE& Aoz Yzter].

@A A 744 18S-IRNA {42 G7|A4 Qo] 2
A AFL 39Fe o] &t iy A vl Fz Al
& 238 o)A 7bA] 18S-IRNA &2 2} & 7] A o)
Gel | 2] L Fto]l wigE 735 AAEe B
W& Fol A 18SIRNA FAAE &80 &
ZgogM oo O Grxde] 4 &2 A
A& Fold F% lo] 712 Addte| AF A



AA 5 FRALAN NS
TR AT olutA g 4
g},

AeHoz ¥ ATE B 2yARZe
AF Y ¥ PY) AW £ U 9
A9 ol FAE U Aoy 3
A2 Pee Yoty 4 W,
A FFe) HE P FL S AL Aok E
@ 4 Aol et 4 8Y GAFA Aeo] 7}
Sobul g% A2 ANEE GAFAS B} B
Holuk A7 713 % A 83 Al 27 7)o}
CEERE L

A& Rz 4

g2 £

23R F S Ao g E o] BAys= A
Eg 231 Agtolu AalzhA A)del] 3
gg ey FFPe] glo] 2UuATFZ9
25 9 e ge Faldo] glo] gk} o))
® AdFe 2UAANTFY) AGEE goln 99
T+& A 83 487 A% EAYEE2] A
3 FAY NS B AEHAc

A Fe EAYEGH AGS YA
Z3te] 7HE 8-S AnE o R &EA171HA A
T FAzte A4 e 9 & e FPZ2AL 2
Folof 3l 71&Ee] W, 2, AF 5o 717
oA A fFAAE %‘6}1‘5 WMlog e %
R A fFAAE & BT F Ao o
gbA ¥ dFo| M= KOH = 7 ALe} 24 o)
FHAALE Bol 2R EF o8 ATE 199 o] A
e Z2UREE N8R 8o FTHAELAHNNS
% Hae Il AR EA Hel& Aldste] o3 2
S A&E 4

L 23 A F42 229 HH 218 9
e 2t g7t Soldle s 231 BT Y
ef &2 3§ 3] 8o of &} guanidinium thiocyanate, Tris-
HCI, B-mercaptoethanol 2 8-&f ¢F3oi-S 1A &}
2w HA9 AP 22 & BEY 5 AU

2. 2172] 18S-rRNA A o] RZEZH B Z
H7IMEE Fn2 ngkd T/ AW (TR1 &
TR2, NS5 & NS6, B2F & B4R and CAl & CA2)%:
o] ¥ FHRAAANNS AN HRXAGF (T
rubrum, T. mentagrophytes), £ 5.3t (C. albicans)l|
A z}z} 581 bp, 308 bp, 688 bp, 1106 bp2] &<
& Z7]] DNA A #Ho| ZEE o).

3. FERELAAQNNG R ZE 9 T rubrum

3} ABHLEA S

-13-

o] § ZUNFFT U AF9 A
A FHAE Hae N A FEAZ A3 A3}
ddsle Addds dAsles 03 4L 2
Ak

9o Anz Ao fAA FE2 UL E
3 23R FF 23 AF FAA ] F30) 7}
S8 o] & g Ho| A& AL FHA
A4 NEE T FEFAPRN 2UANTFF
o] o] 7bEstAct EF FEAE g
Hae Il A @ELENE Fall 99 A o] I)%-
AP, AR, mold F o] FHol| %A
&0l 7hs o) FHEH UG

ol ¢} o] X3 FFE A AP A%
g3 e = gl 9 A AG &S ﬂ,’}
o2A ZUAAFFO P B E|Y U

FA w9 FFe ¥ E %"*J‘ s 2T
ol B¢ AT L ol B EF ST EFF A
& 222 7ldqdrt.
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