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=Abstract=

The Mycological and Molecular Biological Studies on Arthroderma benhamiae
Isolated for the First Time in Korea

Jae Bok Jun, Young Ho Sang*, Sang Lip Chung*, Jong Soo Choi** and Soon Bong Suh*™*

Department of Dermatology, Daegu Catholic University School of Medicine;
“Department of Dermatology, Kyungpook National University School of Medicine;
“Department of Dermatology, College of Medicine, Yeungnam University;
“Catholic Skin Clinic, Daegu, Korea

Background: Arthroderma (A.) benhamiae, one of three telemorphs of Trichophyton (T.)
mentagrophytes, has not been isolated until recently in Korea, but in Japan the first report on it was
made in 1998.

Objective: To identify A. benhamiae for the first time in Korea.

Methods: Twelve strains suggestive of A. benhamiae grossly and microscopically were detected
among 1,059 of T. mentagrophytes isolated at the Catholic Skin Clinic, Daegu, from 1998 to 2000.
They were examined by mating tests and molecular methods. In mating tests, they were respectively
crossed with "+ " and "—" tester strains of A. vanbreuseghemii, A. benhamiae African race, A. benhamiae
Americano-European race. Molecular methods included the sequence analysis of internal transcribed
spacer 2 (ITS2) region of ribosomal DNA and chitin synthase 1 (CHS1) gene, and random amplified
DNA polymorphism (RAPD) with random primer OPAO-15 (5'-GAA GGC TCC C-3").

Results: Mating tests revealed that 12 strains of T. mentagrophytes consisted of 6 of A. benhamiae,
4 of A. vanbreuseghemii and 2 of indeterminate. Six strains of A. benhamiae, all isolated from the
patients with a history of contact with rabbits, included 1 of Americano-European race and 5 of African
race of Americano-European race and 5 of African race. One clinical isolate, a strain of A. benhamiae
Americano-European race "-" in mating tests, was almost identical with the standard strains of A.
benhamiae Americano-European race with molecular methods as 99.2% (351/354) similarity of 1TS2
sequence, 99.1% (313/ 316) similarity of CHS1 sequence, and similar RAPD pattern. Five clinical
strains of A. benhamiae African race were identical with standard strains in ITS2 and CHS1 gene and
RAPD pattern.

Conclusion: The first isolation of 6 strains of A. benhamiae in Korea was reported. Five were
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7138} (053) 650-4161, Fax: (053) 650-4891, e-mail: admin@tcmech.co.kr
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identified as A. benhamiae African race "+ ", and 1 as A. benhamiae Americano-European race "-".

[Kor J Med Mycol 2004; 9(1): 12-27]
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Table 1. Tester strains used in the study

Species (mating type) Race’ Origin®

A. vanbreuseghemii "+" RV 27960
A. vanbreuseghemii "-" RV 27961
A. benhamiae " AF RV 30000
A. benhamiae "= AF RV 30001
A. benhamiae " AE RV 26678
A. benhamiae "= AE RV 26680

*AF: African, AE: Americano - European
SRV: Institue de Medicine Tropicale, Antwerp, Belgium

g o5 wEste] wnjge AAsisith
ol ]E Z7F B fEE alrh e A

W o 5 Alelel] WA R 717 Apdat
7F AIERkE 1 Sl AYEAE A1 Aol
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o] YA = AF (B wnhel= walrt 49

2HjA13/d A, benhamiae Afiican race 2 A. benha-
miae Americano-European race@ Q1% A #2]F
= Agpdoz 39t BEdT2E A benhamiae
African race "+"2} "-"5=, A. benhamiae Americano-
European race "+"3¢} "-"5%, A. vanbreusegehmii "+"
o} v I2]a T rubrumS o] 8313tk

(2) DNA &2|
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g Aol A e AF st SRTE 23]
MHE = 27 0.5 mme] glass bead (Biospec pro-
ducts, INC)®} phenol/chloroform/isoamyl alcohol (25:
24:1, viv)& 412 § Mini-bead beater (Biospec Pro-
ducts, Bartlesville, USA)Z 5%-3F 5]t} olo] 4
oA 7R3 AR 3 & ASdE Eesha
chloroform/isoamyl alcohol (24:1)Z A=A 2|3t th
A AE Ao 3 M sodium acetate 0.14] 823} 5
& 30 84S 7kste] 20TCoAA 12413 B¢t
tod DNAE A7 2E]a 4TCellA 4
SFal 70% ethanol® Al & A3 7x3s1o]
T2 GAAA 20Tl BaAsHGIT
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(3) PCR 3%

Ribosomal DNA (rDNA)2] internal transcribed spacer
(ITS) & 45 ITS2 H-91& F33l] fste] Hxl
7t 5] primer?] primer-ITS3 (5-GCA TCG ATG AAG
AAC GCA GC-3")¢} primer-ITS4 (5-TCC TCC GCT
TAT TGA TAT GC-3)E AH8-31o1%, 5.85 tDNA 2+,
ITS2 A, 288 rDNA YH-E- FE3]%IT. Chitin syn-
thase gene (CHS)Q] YH-#<l CHSI genes 533}
7] 918} A. benhamiae African race®} Americano-
European racedl] =7 5|3t primer CHS1-AB (5'-
CAA GAC ATG GGG CAA AGA AG-3"\¢} CHSI-ABR
(5-AGC GTC GAT GAG AAC ACA GA-3"yS A 2+a}
o o] gl

10 mM Tris-HCI (pH 9.0 at 25C), 50 mM KCI, 0.1%
Triton X-100, 2 mM MgCl,, 200 uM dNTP, 0.2 uM
primer, 1.25 Unit Taq polymerase (Promega Co., USA),
S xgheh whg E3hE
o] 50 Wt == 3 AL 7] L% dlo] PCR
S AlsIit) ARE-% thermal cycler= Perkin Elmer
480 (Perkin Elmer, Norwalk, USA)°| 1t} WHs-2712
59l denaturation (94C, 5%) % denaturation (94C,
30%), annealing (58 C, 30%), extension (72C, 13)<
303] WHEEFA AL, wEX kel extension (72T, S¥)<
Skt

(4) DNA E7IME 24

ZZ% PCR A=< QIAEX Gel Extraction Kit
(QIAGEN, Hiledn, Germany)= 4 #18F - 47]14 4
Ao ARE-E}SITE 523 DNA 60 ng, primer 3.2 pmol,
THTE Tl 12 uE vhE
tion RR mixture (Perkin Elmer Applied Biosystems, Part
No. 4303153) 8 plE 4lo] 533 3 automated capil-
lary DNA sequencer (ABI PRISM Model 377, Bethesda,
MD)Z #5315t

(5) RAPD

Random primer+= OPAO-15 (5'-GAA GGC TCC C-

VS AREsEelTh WhE EFECS] 24T thermal
cycleri= 77] PCRoIA ¢} & 0}03‘3} Lla vt
59l denaturation (94C, 5% 5 denaturation (94C,
30%), annealing (35°C, 30%), extension (72C, 13)<
453] W51 31 vhEx] o) extension (72°C, 5%)S 3f

St} S%%E DNAE 1.5% agarose gelol A 100 volt

a1, BigDye termina-



AE = U H% 2 £2]9 Arthroderma benhamiae] #1732 @ B Q53544 22

2 3083 A7]19% (Mupid2 Mini Gel Migration
Truogh, Cosmo Bio Co., LTD) & ethidium bromide =
A 203}o] ultraviolet transilluminator = ¥H2Hs}SiTh
(6) GenBank ZiH
ITS29} CHS1 97|14 &A1 o= dobdl 947]A
g3} FU3 FE GenBankol| A4 blast programS-
©o]-g-3fo] o} H]3}TY.

74 J_-,-l'
1. Jasts o
1) WHiAIE Fig. 3. A mature gymnothecium in lactophenol cotton
blue (><400).
(1) Mol (SeREAE) e (X2400)
oz

Fig. 4. A meshwork of peridial hyphae with terminal
Fig. 1. Mating reaction between tester stains of A. spirals at the outermost portion of a gymnothecium
benhamiae African race RV 30000 and RV 30001. Nu- (>X1,000).
merous mature gymnothecia were formed on the fan-
shaped area of the border between two strains, especially
on their aposed colony margins.

Fig. 5. Numerous asci containing mature ascospores.
Fig. 2. The stereomicroscopic finding of gymnothesia. Free individual ascospores were also seen (><1,000).
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RV 26678
[Ab AE “+”

..... ><

———— Complete
Incomplete

Do No

No. 2, 3, 4

RV 30000
[Ab AF “+"]*

Sk

i RV 26680
[Ab A,F oy [Ab AE “-T*
RV 30001
[Ab AF "] >

No. 1 RV 30000
[Ab AE “'] [Ab AF “+”

*Ab: A. benhamiae AF: African Race AE: Americano-European Race

Fig. 6. Mating behavior between clinical isolates of A. benhamiae and tester strains.
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Fig. 7. A band of aggregated gymnothecia produced
between tester strain of A. benhamiae Americano-Euro-
pean race "+", RV 26678 (T) and clinical isolate No. 1

(©).

Table 2. Results of mating study with 12 clinical iso-
lates of T. mentagrophytes

A.benhamiae”  A. vanbreuseghemii No Reaction

AF ll+l|: 5
AE "1

* .
AF: African race
AE: Americano - European race

71 HhE 9l RV 2796072] Alolell= A HE
= A. benhamiae 9}o] A}o]
24& Hof A vanbreuseghemii
own, e 27 No. 7, 11) F&
oke] Apole] 8] A WS HolA| &

==
T

ool nnjAE @ﬂé 2.9F5PA Table 27} 7o)
< 1271 923 #2]5°% A. benhamiae”} Aftican race
"+ 5, Amerlcano-European race "-" 152 F
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Fig. 8. A band of gymnothecia produced between
tester strain of A. benhamiae African race "—", RV 30000
(T) and a clinical isolate No. 6 (C).
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3171 A0

pean racedl| A= [Fig. 9 (B)]°IAT). o]el H]
3) A. vanbreuseghemii:= =1 H2te] 71dAe]7} vl
L= 71] oLt ﬁtﬂ:o] THo El—g]-/\ﬂ oz

o=

A H 7
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At} (Fig. 10).
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Fig. 9. A flat colony of clinical isolate No.1 (A. benhamiae Americano-European race "-") showing a white powdery
surface and ray-like projections at its margin (A) and a brownish yellow reverse (B) after 2 weeks of inoculation on

SDA at25C.

Fig. 10. The microscopic findings of colonies of clin-
ical isolates of T. mentagrophytes used in this study.
Numerous tear-drop or club-shaped microconidia were
seen along hyphae.

-1 A benhamiae 795 699 A5 FAEE
W 1ol 1998d0] 14|, 19991 o] 4], 200030l 1
o WhElgl o AdHEE Bl 24, o] S0 34,
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Hol9lal, AH2 104 )57} 4%, 10017} 19, 30

3

o
ATk 2 7hh 2mollA] obd (Fig. 11)3 2l
Aste] wmEel eiglar, 29 (1 T 18 <t
5= ol A Tl Wah ARk B A
B A ARFskaL od #Ap7) 51,
A B9 A Aol gl fATE vheA] 1 0%
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Fig. 11. A faintly erythematous patch on the left
cheek (case No. 2) 10 days after initiation of antifungal
medication.
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Table 3. Clinical data of 6 cases of tinea from which A. benhamiae was isolated

Strain & Case No. Date Age/Sex Address Site Rabbit Teleomorph”
1 July/'00 8M Gumi Arm (Lt) Raising Ab AE "-"
2 Mar/'99 10/F Pohang Face Raising Ab AF "+"
3 Apr/'99 13/M Uiseong Face, chest Raising Ab AF "+"
4 June/'99 35/F Daegu Arm (Rt) Raising Ab AF "+"
5 June/'99 10/F Daegu Chest, abdomen Raising Ab AF "+"
6 Feb/'98 4/M Daegu Face Contact Ab AF "+"

"Ab: A. benhamiae, AE: Americano - European race, AF: African race

Table 4. Clinical data of 6 cases of tinea from which A. vanbreusehgemii and T. mentagrophytes of undetermined

teleomorph were isolated

Strain & case No. Date Age/Sex Address Site Rabbit Telemorph”
7 Jan/'00 10/F Daegu Face Raising Av "+"
8 Mar/'99 45/M Daegu Chest, face Raising No mating
9 Apr/'99 47/M Gyeongsan Arm (Lt) No Av "+"
10 June/'99 61/F Chungok Arm (Lt) No Av "+"
11 June/'99 38/F Daegu Sole (Lt) No Av "+"
12 July/'99 38'M Daegu Sole, hand No No mating

*Av: A. vanbreuseghemii

o, 20001301 1] WAEIYLE AHEE Yy B
LA 3ol er, 10th= 17 el
5T 304) oo Kk el Rtk
7t 47, QI AEel 17, WA 17
Stk WA FopdR b, & & B F
g A57F 51931, WA 1ol A FA <l
). BE7E A}S Fo|9d AL 21 Mo
U 7] 4ol A= E7]9ke] HEEoe] ¢lgith

3.

o

S
=

4

Ry B A7

HI
i

1) ITS2 22 7|ME =4

A. benhamiae Aftican race®} A. benhamiae Ameri-
cano-European race2] 1TS2 H¢ 474 <E-2 98.0%
(347/354)%] “F5735 Hol - dFol mig- 7HEA
Tk g EetAl ol ATk ¥ No. 2, 3,4, 5, 62
A. benhamiae African race®} 1TS2 F-9]2] @7|ALo]
100% (354/354) LAIBF3ATE 5 No. 1= A. benha-
miae Americano-European race$} ITS2 912 $47]

-19-

o

Aol 99.2% (351/354)°] “3E3S
2) CHS1 gene9l E7|ME 24
A. benhamiae Aftican race®} A. benhamiae Ameri-

cano-European race®] CHSI gene 9714 E-2 95.9%

(303/316)%] 7574 Hof WEsIA Fio] HAUTE

5 No. 33} No. 6= A. benhamiae African race<}

CHS1 gene?| 97|14 Lo] 100% (316/316) L=I3}A

o} T No. 1 A. benhamiae Americano-European

race®} CHSI gene2] 7|4 <9] 99.1% (313/316)<]

‘dErde 1ol vl FARSISITE (Table 6).

3) RAPD
Primer OPAO-15E ©]-8-3+ RAPD} A. benhamiae

Aftican race®} A. benhamiae Americano-European race

= WE8eHA el Hew, 74 7Fe] st

"G S ABIITE ¥ No. 33 No. 62 A, ben-

hamiae African race®} Y3}l o™, ¥ No. 12

A. benhamiae Americano-European race9} A3 )

(Fig. 12).

H AT} (Table 5).
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Table 5. Comparison of ITS2 region sequence among A. benhamiae Americano-European race and A. benhamiae African
race

Strain” Sequence

No. 1 1 AGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCCGTGAATCATCGAATCT 60
ADAE "' e e e e e
ADAE "= e e e e e e
NO.2~6 o e e e e e e
ADAF "' e e
ADAF "1 e e e e

No. 1 61 TTGAACGCACATTGCGCCCTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCA 120
ADAE ™ e

ADAE "= e e e e e e
NO.2~6 o e e e e
ADAF " e
ADAF "1 e e e

No. 1 121 ACCCCTCAAGCCCGGCTTGTGTGATGGACGACCGTCCGGCCCCC-TCTTTCGGGGGCGG 178
ADAE "' e A Tom oo

ADAE "= e e e e e e Y
NO.2~6 e e e e e e ToT oo oo e oo

ADAF "™ e T-Tovoooreeeen

ADAF "1 e e e A A

No.1 179 GACGCGCCCGAAAAGCAGTGGCCAGGCCGCGATTCCGGCTTCCTGGGCGAATGGGCAGTC 238
ADAE "' e e
ADAE "=

NO. 26 o T
ADAF ™' e T
ADAE "= T
No.1 239 AAACCAGCGCCCTCAGGACCGGCCGCTCTGGCCTTCCCCCAAATCTCTCTGAGATATTTT 298
ADAE ™ e e e
ADAE "= e—
NO.2~6 e Covoee e T i—
ADAF "' [ T oo
ADAF """ Coveee e Te oo i i
No.1 299 TTTCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATA 354

ADAE "™

ADAE "

NO. 276 o e

ADAF ™'

ADAE "=

No. 1 : A. benhamiae Americano-European race "-", clinical isolate

Ab AE "+": A. benhamiae Americano-European race "+", RV 26678,

Ab AE "-": A. benhamiae Americano-European race "-", RV 26680

No. 2~6 : A.benhamiae African race "+", clinical isolates No. 2, 3,4, 5 and 6
Ab AF "+": A. benhamiae African race "+", RV 30000

Ab AF "-": A. benhamiae African race "-", RV 30001

=20 -



Table 6. Comparison of CHS1 gene sequence among A. benhamiae Americano-European race and A. benhamiae African
race

Strain” Sequence

No. 1 1 TGGAAGAAGATTGTCGTTTGTATCGTCTCAGACGGTCGTGCAAAGATAAATCCACGTACT 60
ADAE ™ e e e e e e G

Ab AE Mt i i i i e i e s e e e s s s s s s e e s s s e a8 m e s s s e e s s s s s s s s s s s s s s s oae e s oasoe s oa s G
NO.3 e e e e e e e C oo e e e e e e e e e e e e e e e e e e G
NO.6O e e e e e [T T T G
ADAFE "' e e Covre e e e G
ADAF "=" - e O T T T G

No. 1 61 AGAGCTGTCCTTGCCGGTCTAGGTGTTTACCAGGACGGCATTGCCAAACAGCAGGTTAAC 120
ADAE "+ e e e e e e e e e e e 1

ADAE "=" e e g
NO.3 e e A oo G vovovee e
NO.6 e e e A oo G- vvooeee e
ADAE "' e Av oo G vovoore e
ADAE "= e e Ac oo G- vovovee e
No. 1 121 GGCAAAGACGTCACTGCTCACATCTACGAATATACCACCCAGATAGGCATGGAAGTCAAG 180
Y N [
N G-+
No. 3 P G-+
No. 6 B PO [
Ab AF "+" T G-+
Ab AF "-" T e e e e e G-+

No.1 181 GGCACCCAGGTCATCCTCAAGCCGCGGCCGGGAATGCCGGTCCAGCTCCTCTTCTGTCTC 240
ADAE "™

ADAE " e e e e e e e e e
NO.3 e g A v A cA e e e G
NO.6 e e T e A A cA e e e G
ADAF "+" e e Tovooe e A v A cA e e e G
ADAF"-" e o N A v A cA e e G

No. 1 241 AAAGAGAAGAACCAGAAGAAGATCAACTCTCACAGATGGTTCTTCCAAGCCTTTGGTCGG 300
ADAE "' o e e e e e
Ab N e T T T T
NO. 3 .................................. C ........................ T
NO. 6 e e e e e e e e e e Cvovrr e e T
ADAF " e e e e e e e Cv v rr e e T
Ab AF et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e C ........................ T
No. 1 301 GTCCTCGACCCCAATA 316

ADAE "+ e e e e

Ab AE"-" .« oo oo e e e

No. 3 ................

NO. [

Ab AF "+" o« e e

Ab AF N e e e e e e e e e e e e e

No. 1 : A. benhamiae Americano-European race "-", clinical isolate

Ab AE "+": A. benhamiae Americano-European race "+", RV 26678,

Ab AE "-": A. benhamiae Americano-European race "—", RV 26680

No. 3,6 :A. benhamiae African race "+", clinical isolates No. 3 and 6

Ab AF "+": A. benhamiae African race "+", RV 30000
Ab AF "-": A. benhamiae Aftican race "—", RV 30001
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Table 7. Strains which had the same sequence of ITS2 with clinical isolate No. 1, A. benhamiae Americano - European

race "—" strain
Access No. Species as Reported Strain Source Ref.
AB048192 A. benhamae African race "—" KMU4136, human Japan 21
AB048193 A. benhamae African race "-" KMU4137, rabbit Japan 21
AF168125 T. mentagrophytes Clinical Austria 39
ABZ98016 A. benhamiae "~ CBS280.83 Germany 32

(T. mentagrophytes var. granulosum)

Fig. 12. RAPD patterns of A. benhamiae and other dermatophytes using random primer OPAO-15. There were
differences between A. benhamiae African race and Americano-European race. Clinical isolates No. 3 (lane 2) and No. 6
(lane 3) showed same pattern with A. benhamiae African race "+" and "-". Clinical isolate No. 1 (lane 4) showed very
similar pattern with A. benhamiae Americano-European race "+" and "-". Lanes: 1 and 12, 100 bp ladder; 2, No. 3; 3,
No. 6; 4, No. 1; 5, A. benhamiae Americano-European race "+" RV 26678; 5, A. benhamiae Americano-European race
"=" RV 26680; 7, A. benhamiae African race "+" RV 30000; 8, A. benhamiae African race "-" RV 30001; 9, A. van-
breuseghemii "+" RV 27960; 10, A. vanbreuseghemii "=" RV 27961; 11, T. rubrum IFM48120
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