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Identification of Dermatophytes by Mycological Tests and

Random Amplified Polymorphic DNA analysis

Jeong Aee Kim, M.D.', Sang Eun Moon, M.D.', Tae Eun Kwon, M.D.l, Hee Joon Yu, M.D.z,
Baik Kee Cho, M.D.>, Kwang Hoon Lee, M.D.!, Kyu Joong Ahn, M.D.%, Jong Hyun Yoon, M.D.°

Deapartment of Dermatology, Seoul National University’, Hanyang Universityz, Catholic University3,
Yonsei University’, Konkuk University’ and Department of Clinical Pathology
Seoul City Boramae Hospital’

Background : Dermatophytes are usually identified based on their characteristic morphologies and
physiological tests. However, identification is often delayed and problematic for atypical isolates.
Recently, random amplified polymorphic DNA(RAPD) analysis was successfully performed for the
identification of dermatophyes.

Objective : This study was performed to identify clinical isolates which could not be identified
previously. The causes of unidentification were analysed and the merits and demerits of RAPD
analysis were evaluated.

Methods : Thirty-six clinical isolates and 14 standard strains were included in this study. Seven
mycological studies were performed and RAPD analysis was done by using primer OPAO-15
(5’-GAAGGCTCCC-3").

Results : Based on the results of 7 mycological tests, 28 strains were confirmed as follows: 24, T.
rubrum; 2, T. mentagrophytes; 2, T. raubitschekii. Four were considered as atypical strains of T.
rubrum, and another 4 as non-dermatophytic moulds. This results were confirmed by RAPD analysis.

Conclusion : RAPD analysis was useful for the identification of dermatophytes, especially the
atypical strains. However, non-dermatophytic mould could not be identified by RAPD analysis. RAPD
analysis was considered as a supplementary method to the conventional mycological studies for the
identification of dermatophytes. (Korean J Dermatol 2001;39(2) : 168~175)
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1) Sabouraud dextrose agar(SDA)OA{S] H{¥
2H s

SDAY) Z#E& FFsk] 25TolN 3 F7+ widsled &
#at ot

2) Potato dextrose agar(PDA)OMIA2 HiQF A
Ha

Table 1. Reference strains of dermatophytes and their DNA bands(kbp) by RAPD analysis with primer OPAO-15

(5°’-GAAGGCTCCC-3")

Organism Source DNA bands with OPAO-15(kbp)
T. rubrum IFM 48102 1.50, 1.04, 0.74
TR1 1.54, 1.06, 0.75
TR2 1.54, 1.07, 0.76
T. mentagrophytes IFM 47707 1.49, 1.33, 0.87
T™1 1.52, 1.36, 0.88
T. raubitschekii IFM 45579 1.52, 1.06, 0.76
T. tonsurans IFM 47710 1.35, 0.98, 0.90
T. equinum HMC 9014 1.47, 1.33, 0.95
T. violaceum IFM 41075 1.86, 1.54, 1.09
T. terrestre IFM 45102 1.82, 1.34, 1.27, 1.08, 0.63
M. canis IFM 48118 1.61, 0.82, 0.56
M. gypseum IFM 48117 1.52, 1.28, 1.19, 0.97
M. persicolor IFM 5319 1.07, 0.80
E. floccosum IFM 48119 1.86, 1.61, 1.44, 1.09, 0.87, 0.72, 0.54

IFM : Research Center for Pathogenic Fungi and Microbial Toxicoses, Chiba University, Japan
HMC : Hygiene & Microbiological Test and Research Center, Tokyo, Japan
TR1, TR2 & TMI : Clinical isolates identified and donated by Prof. SB Suh, Catholic Skin Clinic, Taegu, Korea
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PDAS] A#dE HEFsA 25TelA 3 F7 wiFside
o, B8 wix|9) o|HA T rubrumollr] Jeh}E HA
27t A HEAE #FEAT.

3) HIEH! RFYH HAl

Hletglo] A7}EA] @& Casamino acids agar(Trichophy-
ton agar 1, Difco, USA)dl g HEFd 25ColA 2
F wokete Fo 4 AFE BEIUG Aol &

S HeY 2740 gl Aoz A3k

4) Urease AN Al

Urease Hj x| (Christensen Urea agar, Difco, USA)ol| 2+t
S HEFS F 25CAM 1 F 2 2 F vt FE3)
Hon], wixje] Mzol FMor BEMoT WY YAy
oz asich

5) =0l Chist 2 AL

Chloramphenicol & cycloheximide7} ¥ 3¢ SDAo] AF
= AFst 25T 37CoNA 273 viFE &t 2714
exdAel 4% 58 ¥z

6) 2 ME AHA

0.05% yeast extract £ £5¢® 2¥dg ¥ AHFE
BEete] 25CoA wiFstde. Wi 1579 25 3o =
g 7ol lactophenol cotton blue &9 o 2 FMale] #
#Aatgony, Bite] #H7] Eoke] perforating organo] 3
He 49 442 g

7) 80jA stoiAe] HElSE pE

PDAC] HE3l 25ColA 2 3 widd #3SE 3
8}o] lactophenol cotton blueZ FAF F FAlel e, &
A ALY §F 9 Fd, 24 #3 AH
& #AsF.

3. Random amplified polymorphic DNA(RAPD)
analysis

p2)
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Table 2. Identification of 36 clinical isolates by 7 myco-
logical tests
Identification Number of strains
. rubrum(typical) 24
. mentagrophytes(typical) 2
. raubitschekii 2
rubrum(var. colorless) 2
2
4

NNNNN

. rubrum with diffusible pigment
Non-dermatophytic mould
Total 36

R 7149 Y o AYsd Agagc

1) 2FS &5 S harvest

SDA HiA 9o &5E FNGE 3, IS =
T T3 25ToA 12530 wiokstgich F49 g9
o] # e FolA 1.5ml Eppendorf tubeo] R& ¥ x1
TE bufferZ A 2] 3t}

2) TiE DNAY &

A H 5 AFol] 600419 lysis buffer(200mM Tris-HCl pH
7.5, 0.5w/v% SDS, 25mM EDTA, 250mM NaChE 3 7}s}
3t Pellet pestle(Kontes, New Jersey, USA)Z H-4f&}93ch.
o] E¥Hd] 300,12 3M sodium acetate 3-%4-2 H7}sl1
10T A 15 B3F S8E 7 20T 6087 2aday
th 12,000rpmof A SEIF AR F F A AL A
phenol : chloroform : isoamyl alcohol(25:24:1) fHoF
2jsto} DNAE 2@ ¥ isopropanol2 3 A A Z{th.

3) PCR

dhg-of e 3 DNA 5.¢1(50ng), 10mM dNTP mix(Perkin
Elmer, USA) 4pl, primer(20pmol/ 1) 12541, 10X PCR
buffer 5u1, Tag. DNA polymerase(SUnit/ z1, Perkin Elmer,
USA) 0251 B ZF4 34518 X33 &= 50p1=
gttt 2§ random primer M7 & A <] AgA
OPAO-15(5-GAAGGCTCCC-3%), ATGS(5’-ATGGATC(G,C)
(G,O)C-3") ¥ ATG(5-ATGGATCGGC-3’, o|4 Operon Te-

Table. 3 Results of mycological tests of atyical dermatophytes and non-dermatophytic moulds

. surface Color Vitamine uresac  Growth Hair Microscopic Identification according to
strain on SDA on PDA requirement  test at 37C  perforation findings mycological tests
ID3  powdery red - + good - micro(++), macro(+) T. raubitschekii
ID6  cottony brown/diffusible - - good - micro(+) T. rubrum(diffusible pigment)
ID8  cottony no pigment - - good - micro(++) T. rubrum var. colorless
ID15  cottony no pigment - - good micro(+) T. rubrum var. colorless
ID28  cottony brown/diffusible - - good - micro(+) T. rubrum(diffusible pogment)
IDI8 cottony red - + good - micro(++), macro(+) T. raubitschekii
ID11  powdery yellow - +  no growth - micro(++) : aleurioconidia rfo Chrysosporium spp.
ID21  powdery no pigment - + restricted + micro(+) : aleurioconidia r/o Chrysosporium spp.
ID22  powdery no pigment - + restricted + micro(++) : arthroconidia 1fo Malbranches spp.
ID23  cottony no pigment +  no growth - micro(+) ! aleurioconidia  1fo Chrysosporium spp.
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Fig. 1. Colony morphologies of dermatophytes(PDA 25T,
3 week)
A. Typical T. rubrum with cottony surface and red
pigment
B. 7. raubitschekii with powdery surface and red
pigment(ID3)
C. T rubrum var. colorless(ID8)
D. T. rubrum with diffusible pigment(ID6)
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Fig. 3. Band patterns of reference strains of dermatophytes
produced by RAPD analysis with primer OPAO-15(5’-
GAAGGCTCCC-3’). Lanes 1&9, size marker; lanes 2 to 4, T.
rubrum; laves 5&6, T. mentagrophytes, lane 7, T. raubitsche-
kii; lane 8, T. tonsurans; lane 10, T. equinum; lane 11, T.
violaceum; lane 12, T. terrestre; lane 13, M. canis;, lane 14,
M. gypseum; lane 15, M. persicolor; lane 16, E. floccosum.

g 278 WA 7 A x| HEE band7t AatEe] FAo]
743 goladenz olg 4 EIAFY THZ A
primer2 73 81%t}. PCR& wula MJ Research Inc.Al9)
thermal cycler& A}83le] 94CoA 287 WA F, 94T
1%, 34T 18, 72T 258& 132 3l 403] A8 5 7

Fig. 2. Colony morphologies(SDA 25C, 3 week) and microscopic findings of non-dermatophytic moulds(Lactophenol cotton

blue, x400).

chnologies, USA)E A}-&3te] PCRE HAlEHon, oF
OPAO-15E A48 m RE EF FA #FAM & aF
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Fig. 4. Band patterns of clinical isolates produced by RAPD analysis with primer OPAO-15(5’-GAAGGCTCCC-3"). M, size
marker; ID3 & ID18, T. raubitschekii; ID6 & ID28, T. rubrum with diffusible pigment; ID8 & ID15, T. rubrum var. colorless;

ID11, ID21, ID22 & ID23, non-dermatophytic moulds.

PCR A}E-8 1.2% agarose geld] ®3F3c] 80voltolj A} 80
27t A7] %3 3 ethidium bromide® G35ttt Size
marker & = MassRuletTM DNA Ladder Mix(MBI Fermentas,
US.A)E A}838+% 31 image analyser(Vilber Lourmat, USA)
Z DNA A#9 7718 ZH3Ath 44 Eel5< DNA
bande] =7)¢} pattemE EF #3539 P vimatd
TS sAsAT

EEE
1. JzEy 53 A
A7EH FA ARE FEek 36 Fo G 2

=
Z RNFE AEAAATLE, 4FE HRAPGTC] ofd A
o2 3 tH(Table 2, 3). AEAQA T rubrumo 2 F
FE 247 cottony WA velvety$r EHE 7lAl3 JIgle
o] wjx] oA A Air AFHUCT(Fig 1A). EF ¥
b7l 7ol glE, urease A4 HAF 24, 37TCAA
A% 7ty 2 FF 4A Aol dnlA stelAde
78 WA G7rFEe A2EAAU A4 #FEEHUG T
metnagrophytes2 B3 E 257 powderyd EHE /X1
dm wix AL gL A4S Hu den HER
274 e YAtk =& urease B HAF FA, 37TAAM

Table 4. Identification of 36 clinical isolates by RAPD
analysis with primer OPAO-15(5’-GAAGGCTCCC-3’)

Identifcation Number of strains
T. rubrum or T. raubitschekii 30
T. mentagrophytes 2
Non-dermatophytic moulds 4
Total 36
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A 74, B3 AF HAA FAoln dHF A =
$o] mgog FIE vy 2FEYA/L FHEHUAG T
raubitschekiiz FA ¥ 253(D3, ID18)+= & FAETH 7
A} Al A8AQ T rubrumdt FTUstg oyt gHo] ¥
oy, AR O BEHT JEAAE =EA] G4
FRER e urease YA AAVE FHoloAM T raubits-
chekiiZ %3t thFig. 1B). TH T rubrume] ol oz
AZEE #3714 F BEHQAEY, o8 v Idd
A A Ave AZHQA T rubrums FLHFA o 25
(ID8, ID15)E iAo SN HA4rt BEEA o}
T. rubrum var. colorlessZ(Fig. 1C), 25(ID6, ID28)= WX
g Aoz ZAAF L Yol iAHAE T rubrum(T.
rubrum with diffusible pigment) 2 2 %7 3} t}(Fig. 1D).

39w o2 43(IDI11, ID21, ID22, ID23)= A3 &2
Edol 5% T FUPoldA o[ddN HMIIF B
A5 R & urease YA FAL FAHIALER T men-
tagrophytesst w}$- fARBIE oY RE #FF7F 37TAAA
Aol Aol HFAGFo] old Aoz AZAHHUT
(Table 3, Fig. 2). @17 ol A IDI1, ID21, ID23E ¥ %
AP EY AEAAEDG Avl7 & ofHfElede &%
A} ZHaleurioconidia) 7} #&E| o} Chrysosporium 2.2, D22
' Zo] F& $3Ye FAAarthroconidia)7} ## 5 o
Malbranches £2.2 Az =} (Fig. 2).
2. RAPD analysisOll 2|& 838 1

1129 ¥& ZA #F ZFo)A primer OPAO-15¢) <
&ta] 7t #Fo] So|% DNA band patterno] g1HE %lon

o] ojgdle Z #FE BHFY F+ AUtk U T
rubrum®} T. raubitschekii= Y3 band patternc] 2]



HE LR

o] o] & #F& THE 4+ fIY (Table 1, Fig. 3).

ks —‘f'cal%‘-oﬂ gt A3 o)A &(Table 4, Fig. 4) 2738
Hog A¥FAA T rubrumL 2 ZFHo] ® 24 F T
raubitschekii2 E3 R 253(1ID3, ID18) % T rubrume] H)
YA oty oz FHHUAL 45(0D8, D15, ID6, ID28)
£ T rubrum %3 T raubitschekii®l 5 T3¢ U3
band patten& RT3, A7 ZHAL A T mentagrophytes
2 239 253= T mentagrophytes®] 5% T3¢ 43
band patternS GEMNATH T. rubrum 4% HelF R
A #E5 = 0.36kbpe] DNA band¥ primere] dimer® AJ
ZtEjo] w7t gle Ao g A4=AT) dHE ARAGH
o] ojd Aoz AZEJY 4 FE9 AN(E HYIDIlo]
0.96, 0.56, 0.49, 0.43kbp, ID21o] 0.68kbp, ID227} 0.90,
0.79, 046kbp, ID23°] 097, 0.82, 0.66, 0.41kbp2] DNA
band7} #A = o] EF TF2 DNA band patternd} X5
& o] it meEkA o] 4 FEL B AFoA ALEH
1132 g FAAEE old Aoz YAt

3. 28 A 0|=™ A0 CHE BN

g3 BF 367 AFEH @ BAAEHH HA
AN}E TP E o A7 o A FFe] ol=dd
AAE 4 7IAZ YFo] B & Ut

D #8 diAeME AFAHQ o] BIFHUYoDR
g A A7 54 Jiso] vigddd Rez
B2t AF 2 F (56%)

2) Ee HMiAd e dEAHQ BEFo] BEAHA Fpe
U ZE A7 HALE Aldstq dA¥H) EES #
=8 = YUY A 24 F (66.7%)

3) HFAMGT] HAE A o}y #F £y 2EA B
25 = A RAMT] MgE A6 F (16.7%)

4) FAMEEo] oM UE H L4 F (11.1%)
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HEAGAe e o JFe =g @ @A s
A gAY xSl FeEhd A& @@ ez
ek 22y A FAdEe] e A dF Az
tFeie] WG 2o met 25d 7 3lm, 59 A
Wk e & A% 2 WAL doAN AP
25S AdstA g Fedy £xo #Fz 53
o] ol A% urease A AL HlIEI 274 AL
2 A FAF 2 we] 243 22 AadtE FJAE
AlgstAl Hed oldd AALE S AldE] AdMe 3
dol dastm Azle] 2 Hew, B2 o] HALE
AANG FAE FAHo AR ¢4& F U B 4Y
M= i BElF 363 F T rubrumg] v]d 3 Q) o}
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o2 FAE 4F 9 XAl ofd AFoz Y7t

479 dslde 2 dEAA AHEE T7HA AwEH
HHer &4 38 & 5 gtk ARAgTEY viA
FAQ ol¥ A58 8 BHH] dside 44y (tele&
morph)& AM&3te] ] AF-E HAEE Aol FL& AL
2 A UAT T rubrume] 738k Zo] o}y @AY
o] &aA A ¥ TFo viElde ww) HES &
7 okl g9 S RAgFe] ofld Rez AlzE 7

FEY ¥FE fgtde A¢ dSstn B AFeH
AAHES F7l2 dAsldol @) mala olgg AS
o EAYETSAHA T THE AMEshe Ao dasit
& F 3k

ARAgRe SHE A% slEel WA el
2ARE Ao Ase 199000 2RE e B
BEZAQ 7IYo] EUEo] o, restriction fragment
length polymorphism (RFLP), RAPD analysis @ 7144
EAYel oste ojn] JgHog FAo] @ up UP.
RAPD analysis= o]t of#] EaAE83 WUy FdA
= b A&EAM BAH1, ¥ DNAY A7 AE S
2E WE FYPT £ UvE 3HE A JaPt oo
ZhA FFAMGEe FF e Bo] ol&Hm glon I
A= o8 47 At Bage gt gy
RAPD analysis& A&-3l oJu|gle AAE A7) AslA
= A¥e APAol g dolok B, AF B3
e 233 primerE WA stedof dh B AFAEL o
Zol dFo]A RAPD analysis®] A &EA 2 primer X3 ol
diste] A2g vl oo’ oW dARqME g4 B
27 FHE AF /M JE7 random primerE A3 67
1% du] 4¥L F8lod primer OPAO-158 A slgch

B Ao didde] E 11F9 BEE TA TFELS
primer OPAO-159] o]t} 2z} FFo| Ho|§ band pattern
< HHen od did 7t #FE FEHE & U
a8V T rubrum3}t T, raubitschekiiyx £ Y3t band pattern
< B 7HE 5 ged, of ¥ #F S B 49 9
Hl A@ oA AL thE primer ol ojstd® FHHZ|
sithdatat A AIEHA] ¢8). H- Summerbelle T rubrum
# olo] FAY FFQ T raubitschekii, T. fischerii, T. kanei
U322 internal transcribed spacerl(ITS1) ¥#2] €74
& EHMstdon 4 39 A3t BE B B
TG olgo] #AF IMS1 BEE 72 ribosomal
DNA FoMz 7} BE tdY4d S Holy REod. o
2 T rubrum3} T, raubitschekiic= X9 FEoz 2B
7] B & FEE FARAY e Y@ #Folgn
A7EH ole] digtde FF o B2 HES glojof &
Aol

¥ 25 RAPD analysis 235 HujEd A3
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Z73 &7 =+ RAPD analysis®] dAlatn & 4 ¢} =
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F7t | EE #F2 TYE band pattern® 2 Y )%
4E MAE & gl7] ot

2 A3 AHEE 94 R FEo] JdEE 9re &
A< EUZ sl nEY 49 BMstd B o 70%
7t Bl wiAelA YA 2o BAER] gold F
Aol olgifd Ao Hadth A T e Ay
2 HAel 2 vjAZ SDA, T SDAY| 44 ¢
FAFAE EFAIZ Mycobiotic(Mycosel) ¥jA & E3] A}
&k ik ey o83t Wizl BB T PDAE A&
o wix) o) oA T rubrume] A Ao I Ham,
T. mentagrophytes®] AF4x 4 RSl FAdo] &7
He Aol gAA AR’ $8 v J83 sz
BHm e ARA%TFY % 90%7F T orubrumst T
mentagrophytesol™]' ol ATGME ulEH YA B
o) oF 90%7} T. rubrum3}t T. mentagrophytese|d A&
2 o, g8 @z AAe B2 uAEE A 2
FATAE LFE PDAE A™des ol d&Holgln
A ztd .

# B

AAEL HRAMGFOR Azto] HAT e dhael
IV 2= Tl oEiNd 44 EEF 3632 gy
oz 77t AFTH AHAlst A BEAYBEAQ] 4y
9} YF<9] RAPD amalysisE o] &3] $AH-L &9} A
oA AR 287(778%)c &Y FHL & 5 dye
W, T rubrume] o}¥ w32 Azt 43(111%)$ 3 2A}
Aol obd Aoz yZtE 4F(1L1%E FF THo] H
% 9¥Str}. Primer OPAO-15(5-GAAGGCTCCC-3)E o] &
gt RAPD analysis® 4A13}o] 1159 3% F3dA 7
#%d Eo]% DNA band patterno] @5 o] o] 7%
st o, T rubrum® T. raubitschekii= $93 DNA
band patterno] #&=o] FHE 4= QIAr}. o]y o] T F

~174—

Fol TLHAU WY RAIGE #Fol7) WEoE A7ty
Atk 93 B3l thg RAPD analysisZHAE o] 43}of
ABAA v FAGE ®e ohel vlAFAA s Raby
= B4 Tl 75 en, ety RAPD analysist
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