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Identification and Subtyping of Trichophyton rubrum by Molecular Biological Methods

Jeong Aee Kim, Chang Hun Huh and Sang Eun Moon

Department of Dermatology, Seoul National University College of Medicine, Seoul, Korea

Background: Trichophyton rubrum is one of the major pathogens causing dermatophytoses on human.
The identification of this species by mycological methods are sometimes difficult and time-consuming.
Moreover, suitable methods for subtyping of this species are not established yet.

Objective: This study was performed to identify and subtype T. rubrum by molecular biological

methods.

Methods: Total 65 clinical isolates of T. rubrum were included and classified according to the results
of 8 mycological tests. Their identification were done by random amplified polymorphic DNA (RAPD)
analysis. Subtyping of this species was performed by analyzing the DNA band patterns produced by
amplifying the non-transcribed spacer (NTS) area of ribosomal DNA.

Results: The 65 strains of T. rubrum could be classified into 5 phenotypic varieties according to the
results of mycological tests. All clinical isolates produced identical band pattern with those of standard
strains of T. rubrum by RAPD analysis. Amplification of NTS area produced 13 PCR patterns.

Conclusion: The confirmative identification of T. rubrum could be done by RAPD analysis regardless
of their phenotypic variations. Subtyping of T. rubrum was successfully performed by amplifying NTS
area but these PCR patterns were not correlated with their phenotypic characteristics.

[Kor J Med Mycol 6(4): 219-228]

Key Words: Trichophyton rubrum, Identification, Subtyping, RAPD, Non-transcribed spacer

Mo B

S|PAbgE e ALt BB W%, m g w2

Ty @A) AL 7ol 156-707 AgA] S A
275 3959 %], HEtujw el v R}

A3} (02) 840-2190, Fax: (02) 831-0714

L& mail: jakim@snu.ac.kr

B wRe 2000 digke) 7l els] kAl Bz
£ Wol o] Folx g
"1 wge) ax)t 2001 6% dael
ol Al AHEE A

0%

w3t =t

o] EAH AHZAZS Qo= Yolyto|t) o]
% Trichophyton (T.) rubrum-2 T4l A7 84
AP o 24 A euEkE et A Al
AR oz 748 wedsta glal 9 #Eo|th? )
24 T, rubrumS A& Askal A B4k, o ol
7} T. rubrumO.2 =45 #FES A7 FHE
S A (subtyping) & TNEkEhs A w1

ApEEe) sk u g 7o) et el 87l
HA W 2l B 5 ekl wg Fea

s 2~ 34
33 QP

-219 -



gre) A FEE) 2 A 67 A 4% 2001

S| RAVERS) BA e F L @Rl sell A
gelets) gt olg 74 Aok 2L el
of 471 & 4 Qieh e W olel @ et
o Aol o2l 497t o 53 94
HAE 57] A% A AEeH w0 )
wrslof 914 e Aol o AR

>
o
=y
lo
o2 e

7ol A= 2) Wo] A%
ar ek 1 A3 T rubrum S E83E ol v AR
59| 7% TS 4L ofe] Wl ot A4
THROH, AE B R okl E B AiE
7L QI ey I RAbdate] 3 abge
Aao] Aol ARt AEe el om® 53 T -
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Ha Yuid 33 T rubrum ribosomal DNAL]
nontranscribed spacer (NTS) F-1ol] wH=-z ¢l M IS
7} 2709] subunit < TRS-1 (T. rubrum repeat sub-
unit-1) & TRS-27} 9lom, o] FRoA kst &
A AT 5 Ao B QAT e
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AEdH 3 b 9o sate iy
B, vjFste] T rubrume 2 A ® 655 (TR1~
TR65)Z tho = 33l

2) BE #F

AP 145 1775 o= &3l 53] T
rubrum} K t8HA o 2 UHFE BA7E 9ol 7hE
o] oJH& Aoz A4#Z T. raubitschekii, T. megninii,
T. kanei 2 T.fischeri& 3513t} (Table 1).
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1) Sabouraud dextrose agar (SDA)O A 2] HY

SDA (Difco, USA)ell 2l FF3te] 25Coll A 3
T3 weFste] wEsgick

2) Potato dextrose agar (PDA)O|AM 2| HiQF

PDA (Difco, USA)ell Z7-& 5&ske] 25CollA] 3
T3 vkt on, 53] mijA] ] oHellA] T. rubrum
oA TEE 5 Q= A fE AT RS

3) HIENR 27 HA

HIE} o] H7}% 2] k-2 Casamino acids agar (Tri-
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S} 37°Coll A 257k mj kS 31 5, 271 204 <]
S EEN LR T e

6) B ME At
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Table 1. Reference strains of dermatophytes and their DNA bands (kbp) produced by RAPD analysis with primer

OPAO-15 (5-GAAGGCTCCC-3)

Species Source DNA bands (kbp)
Trichophyton rubrum 1 IFM 48102 1.50, 1.04,0.74
Trichophyton rubrum 2 Clinical isolate” 1.54,1.06, 0.75
Trichophyton rubrum 3 Clinical isolate” 1.54,1.07,0.76
Trichophyton raubitschekii IFM 45577 1.52,1.06, 0.76
Trichophyton raubitschekii IFM 45579 1.52,1.06, 0.76
Trichophyton megninii CBS 551.86 1.50, 1.04,0.74
Trichophyton kanei CBS 289.86 1.50, 1.04,0.74
Trichophyton fischeri CBS 288.86 1.50, 1.04,0.74
Trichophyton mentagrophytes IFM 47707 1.49,1.33,0.87
Trichophyton tonsurans IFM 47710 1.35,0.98, 0.90
Trichophyton equinum HMC 9014 1.47,1.33,0.95
Trichophyton violaceum IFM 41075 1.86, 1.54,1.09
Trichophyton terrestre IFM 45102 1.82,1.34,1.27,1.08, 0.63
Microsporum canis IFM 48118 1.61, 0.82, 0.56
Microsporum gypseum IFM 48117 1.52,1.28,1.19,0.97
Microsporum persicolor IFM 5319 1.07,0.80
Epidermophyton 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
CBS: Centraalbureau voor Schimmelcultures, Baarn, The Netherlands

HMC: Hygiene & Microbiological Test and Research Center, Tokyo, Japan

*Isolates from skin lesions of patients in Taegu, Korea and identified by Prof. SB Suh
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3. Random amplified polymorphic DNA
(RAPD) analysis
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NaCl)E % 7}s}al Pellet pestle (Kontes, New Jersey,
USA)= #2183t o] &3+alle] 300 ple] 3 M sodi-
um acetate 842 F7}ske] 100CoN A 16557+ S8

Sk 5 -20CollA] 607+ H33l3At) 12,000 rppmell A
553 YAEE§E § A & #3}o] phenol : chlo-
roform : isoamyl alcohol (25 : 24 : 1) N o2 &35}

3L isopropanol = DNAZ X A At}
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Hh-S-olo. 225 DNAS pl (50 ng), 10 mM dNTP mix
(Perkin Elmer, USA) 4 ul, primer (20 pmol/ul) 1.25 pl,
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Fig. 1. DNA band patterns of reference strains of dermatophytes produced by RAPD analysis with primer OPAO-15
(5-GAAGGCTCCC-3). Lane 1, size marker; 2 to 4, Trichophyton rubrum; 5 & 6, T. mentagrophytes; 7, T. raubi-
tschekii; 8, T. tonsurans; 9, T. equinum; 10, T. violaceum; 11, T. terrestre; 12, Microsporum canis; 13, M. gypseum; 14,

M. persicolor; 15, Epidermophyton floccosum

10X PCR buffer 5 ul, Tag. DNA polymerase (5 Unit/pl,
Perkin Elmer, USA) 0.25 ul 3! 5574 345 & ¥
3te] F 50 2 3tk PCRS v]=+ MJ Research
IncAH] thermal cyclerE A}-8-31e] 94Tl A 223t
WA 3L 04T 14, 34C 1%, 72°C 285 13] 2 &}o]
403] APt 7 72°ColA 1093 vHEAIZ T A
gl random primerg A17d3k7] 1%t on] A=
OPAO-15 (5-GAAGGCTCCC-3), ATGS (5-ATGGATC
(GC)GC)C-3) & ATG (5-ATGGATCGGC-3, |4
Operon Technologies, USA)E A}-8-3}%] PCR<- 3131
o1, o]F OPAO-155 AH8-E o BE EFE 50l
A gk 5 F 271 WA 71 A Ee] HEEE band7}
AikE|o] iAol 71 Bolalglorn® o5 I
g5 AL A primer=2 43T

4) PCR tts ME9| 24

PCR AH=-2 1.2% agarose geloll &3} 80 volt
ol 4 80Fxt 7] &35 ¥ ethidium bromide= %
A5} T). Size marker=3 MassRuler™ DNA Ladder
Mix (MBI Fermentas, U.S.A)E A}-8-3}$1 31 image ana-
lyser (Vilber Lourmat, USA)Z DNA ZH#H2] H47]=
S48HeltE 923 #-2l5-2] DNA band2] =719} pa-
ttem< X w0 Ao} vlaste] #ES A8
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4. Ribosomal DNA nontranscribed spacer (NTS)
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NTS o] Rb52 Q1 M DS 7HA] = 2719 sub-
unit?! TRS-13} TRS-2 -5 533}7] 915k Jack-
son ‘5ol AAeH WS tha Wgste] At
21774 DNAE RAPD analysisZ $18te] %% DNA
2 AHgsrgck

1) TRS—1 229 &%

TRS-1 7915 5%317] f1ate] ka2l 2709 pri-
mer pairZ AH&-3+STh

TINTSF-2 (5-ACCGTATTAAGCTAGCGCTGC-3)

TINTSR-4 (5-TGCCACTTCGAT TAGGAGGC-3)

HE-S-o1-2- 53] DNA 3 pl (30 ng), 10 mM dNTP mix
(promega, USA) 1 ul, 57141 primer (20 pmol/ul) 22}
2 ul, 10X PCR buffer 5 pl, Tag. DNA polymerase (5
Unit/ul, Promega, USA) 0.25 ul, bovine serum albumin 1
pl 2 F5759 3575 plS E3ste] & 50 ul= skick
PCR-2 1= MJ Research Inc.AFY] thermal cyclerS
AHE-BEe] 94°C oA 2123 WA 9, 94C 053, 55T
054, 727C 315 132 ko] 303] Alast 5 72T
ol A 1037t WA F T

2) TRS-2 §<2l9| 5%

TRS2 918 7] 9late] thel 2749] pi
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Fig. 2. DNA band patterns of reference strains of T.
rubrum and related species produced by RAPD analysis
with primer OPAO-15 (5-GAAGGCTCCC-3'). Lane 1,
size marker; 2 & 3, Trichophyton rubrum; 4 & 5, T.
raubitschekii; 6, T. megninii; 7, T. kanei; 8, T. fischerii

MTR3 & 7 1316 22 31 36 42
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Fig. 3. DNA band patterns of clinical isolates Tricho-
phyton rubrum with atypical phenotypes. Bands were
produced by RAPD analysis with primer OPAO-15 (5'-
GAAGGCTCCC-3). TR7 & 13, T. rubrum var. color-
less; TR5, 22 & 42, T. rubrum with diffusible pigment;
TR3 & 16, T. rubrum with positive urease test; TR31 &
36, T. rubrum with granular surface.

mer pairg AHE-31
TrNTSR-1 (5-CTCAGTC GAACCGTGAGGC-3)
TrNTSC-1 (5-CGAGACCACGTGATACATGCG-3)
HE-S-o1-2 povine serum albuming 7814 =
A& A¢sties TRSL Fi< zgﬂ e} s}
o™ PCRE 94Col|A] 157 WA & 94C 055,
55C 054, 72C 245 ME sko] 303] AlyEh
72°Col A 1047 WHSAIZATh
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PCR ‘?}% /L%Q] 418 RAPD analysis9]
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92 gE if 9] TRS-1 F-91¢} TRS-2 H-$19] &
ZA3}E DNA band patternel] whe} F-73151. 0™,

RN 330

Trichophyton rubrum®] 574 2 3 7

Table 2. Classification of 65 clinical isolates of Tricho-
phyton rubrum according to the results of 8 mycolo-
gical tests

Subtypes Ng;?;?}rsmc
T. rubrum (typical) 56 (86.2%)
T. rubrum (var. colorless) 2 (3.1%)
T. rubrum with diffusible pigment 3 (4.6%)
T. rubrum with positive urease test 2 (3.1%)
T. rubrum with granular surface 2 (3.1%)
Total 65

A o] FAA B57E 23] PCR HEE APt

At
2 1
1. Mty HA 21

i

T. rubrum 7 E-2lFel ek MFes Al
Tjrve— Tt o]5& 579 FEjsA ol o R 1
T AT (Table 2). A A2 T. rubrumo.Z &
Xé% 565+ cottony WA velvetydr WS 7}x| 1L
AR o wi=] oA A 47} HEE o g
HIERY 8740 §190a1, urease A AA €4, 37C
oA A 7hs, B AT AR /3oL dH A
stell A= 78 WA dE o] AR A
2=l om BHIA A= v o2 AgAsioich gt
A T rubrum] o} o2 A7 = #77F 95 U
o), olE2 v Wudh HAF daks dgAd
T. rubrum} T L3} o} 25 (TR7, TR13)E WA
o] oA ATt BFE A ol T. rubrum var.
colorless®, 35 (TR5, TR22, TR42)= HIX| & 224 o
2 ZAA 7] QoA viX 2 T, rubrum (T. rub-
rum with diffusible pigment) = —rwo}oﬂE} shd e
25 (TR3, TR16) urease HAME FAdollar &=
£ 25 (TR31, TR36):= oA o] zEofA
T.rubrum®] HIH &A1 o} o2 F7383ith

2. RAPD analysisOll 2st S Z1}
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Table 3. PCR types of TRS-1 subrepeat of nontrans-
cribed spacer area of Trichophyton rubrum. DNA
bands were produced by amplification with primers
TrNTSF-2 (5-ACCGTATTAAGCTAGCGCTGC-3)
and TrNTSR-4 (5-TGCCACTTCGAT TAGGAG-
GC-3") in 65 clinical isolates of T. rubrum

TRS-1 types

Band size (bp) No. of strains

Single band
Type 1 434 30 (46.2%)
Type 2 634 17 (26.2%)
Type 3 834 5 (7.7%)
Type 4 1034 2 (3.1%)
Type 5 1234 3 (4.6%)
Multiple bands
Type 6 (Type 1+2) 434,634 2(3.1%)
Type 7 (Type 1+3) 434,834 1 (1.5%)
Type 8 434, 634, 1 (1.5%)
(Type 1+2+3+4) 834, 1034
Type 9 (Type 2+5) 634, 1234 1 (1.5%)
No band (Type 10) 3 (4.6%)
Total 65 (100%)

Table 4. PCR types of TRS-2 subrepeat of nontrans-
cribed spacer area of Trichophyton rubrum. DNA
bands were produced by amplification with primers
TrNTSR-1 (5-CTCAGTC GAACCGTGAGGC-3)
and TrNTSC-1 (5-CGAGACCACGTGATACATG-
CG-3") in 65 clinical isolates of T. rubrum

TRS-2 types Band size (bp)  No. of strains
Type 425 3 (4.6%)
Type Il 502 59 (90.8%)
Type Il 577 2 (3.1%)
Type IV 671 1 (1.5%)
Total 65 (100%)

o ol g3tel 7 #EL BHY 5 AT (Table

6 7 8 9 10

PCRType 1 2 3 4 5
Kbp
2.0
15
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08
06

Fig. 4. PCR types of TRS-1 subrepeat of nontrans-
cribed spacer area of Trichophyton rubrum. DNA bands
were produced by amplification with primers TINTSF-2
(5-ACCGTATTAAGCTAGCGCTGC-3) and TrNTSR-
4 (5-TGCCACTTCGAT TAGGAGGC-3). M; size mar-
ker.

PCR Type | Il ] v
Kbp
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Fig. 5. PCR types of TRS-2 subrepeat of nontrans-
cribed spacer area of Trichophyton rubrum. DNA bands
were produced by amplification with primers TrNTSR-1
(5-CTCAGTC GAACCGTGAGGC-3") and TrNTSC-1
(5-CGAGACCACGTGATACATGCG-3). M; size mar-
ker.

1, Fig. 1). =221} T. raubitschekii, T. megninii, T. kanei
2 T, fischeris =5 T. rubrum¥} 523+ DNA band
patterno] #EHE o] o] =& e &= I} (Fig. 1,
2). 9 ol uigk Aol A= 2t 1
ol FAGLe] 655 Z5F T. rubrume] ¥ w59}
523 DNAband patternS- 2.3t} (Fig. 3).

3. Ribosomal DNA NTS £2|9| £ A1}

1) 7. rubrum & 22|39 TRS—-1 B2 &5
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Table 5. PCR patterns of 65 clinical isolates of Tri-
chophyton rubrum assigned by combination of PCR
types of TRS-1 and TRS-2 subrepeats of ribosomal
DNA nontranscribed spacer area

Trichophyton rubrum<] 74 4 34 3

Table 6. PCR patterns of standard strains of Trichophy-
ton rubrum and related species assigned by combi-
nation of PCR types of TRS-1 and TRS-2 subrepeats
of ribosomal DNA nontranscribed spacer area

pZt(t:gn Ttsg;l TSFS)(;Z s’,\tlgig: Species and strain No. pit(t:er o TRS-1 TRS-2
A 1 1l 29 (44.6%) T. rubrum 1 (IFM 48102) A 1 1l
B 1 1l 1 (1.5%) T. rubrum 2 (Clinical isolate”) A 1 1l
C 2 I 13 (20%) T. rubrum 3 (Clinical isolate”) A 1 [
D 2 | 3(4.6%) T. raubitschekii (IFM 45577) C 2 I
E 2 1| 1 (1.5%) T. raubitschekii (IFM 45579) C 2 I
= 3 I 5 (7.7%) T. megninii (CBS 551.86) C 2 1
G 4 I 2 (3.1%) T. kanei (CBS 289.86) C 2 1l
H 5 1 3 (4.6%) T. fischeri (CBS 288.86) A 1 1l
I 6 M 2 (3.1%) IFM: Rgsearqh Center for Path_ogenic_ Fungi and
Microbial Toxicoses, Chiba University, Japan
J 7 ] 1(1.5%) CBS: Centraalbureau voor Schimmelcultures, Baarn,
K 8 I 1(1.5%) *IsolatZSh ?‘r’(\)lrit hsirilr?nlcej:ions of patients in Taegu, Korea
L 9 v 1 (1.5%) and identified by Prof. SB Suh
M 10 I 3 (4.6%)
Total 65 (100%) TRS-1 5 TRS-2 91| PCR types =5t T
rubrum 4 225 6555 1371¢] PCR @ o=
78 S AT (Table 5). o]#%F PCR #8-2 T.
rubrum #5-9] Q3#e}A Sl mE o}y H-Fst

TRS-1 F-9]9] SF A 6552 I £EF5
1071¢] PCR type® 73 4= A%t} (Table 3, Fig.
4). tjFEe] dF BeElF (577, 87.71%)0l A 1712
DNA band7} Z3%-o] H =t 5345 DNA band=
1711€] TRS-1 &)l aal= =711 <F 200 bpol
Zpo)l & Tl FEEAL QAT A 552] it
2|50l 4= 271 ©]4ke] DNA band7} ZZo] ¥l 1L,
I U2 350 E PCRS HH A o2 Algsloln
FZo] A3l HA| gkt

2) 7. rubrum & 22|39 TRS-2 B& &

TRS-2 F-919] 5% Az 6552 44 LEF5
4712] PCR typel & w73t 4= AT} (Table 4, Fig.
5). BE A 5o A 170¢] DNA bandito] =
Zo] Flom tjF-Ee] ol A (90.8%) 502 bp =L
7]2] DNA band”} -] =31t} 5-%% DNA band
= le] TRS2 ©ell aigals 217191 ¢F 77 bp2l
Zfol & Fal ®AEEkAL YR

3) TRS—1 ¥ TRS—-2 £9|°| PCR type2 =&
5101 ¥2 PCR 28

w JM
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£-2] RAPD band pattern T. rubrum3} 5-d&}31 o,
NTS H5E9] Z= A% o]5 X5 T. rubrum Y4
A T EE= PCR §3 % shuE 7ML
AU F 2 AT AAZE= T rubrumt 1 A
&< T. raubitschekii, T. megninii, T. kanei 2 T. fis-
cheri®] #7435 RAPD analysis 2! NTS F-&9] 5
5 Foto] EE 7k QIS Gréser T2 H
T. rubrum, T. violaceum 2 ©]E59] FAF 7% (T. rau-
bitschekii, T. fischerii, T. kaneiS ¥3lo] & 1595
L Ay st TS Fio] A7IXES w4
Ay} o] 5S 5 T. rubrum©]t} T. violaceumel] X3}
A7 S ddrkal Barskd v ey Summerbell
o2 T rubrum@} FAF FEE] TS F-72 A7|A
e Bkl B A T orubrume 714G T
raubitschekii, T. fischeri & T. kanei®] 71443} &
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