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B2 FE&SRIRET D 53813 K O JESRIRBE D2 W7 - IR TH7280, FF 0 GpkEE#RE (CHS) BETICDWTHE
L7, ETHERIRE D S 5 13 @D CHSI &{A T4 600bp DIEERIFI ZMRITL, T —8 N—Z{L LTz, Eiz R
BEBRLZEZA, BRI EICHIET S 2 ENERI Nz KITT— X—2 % WT, Tricophyton mentagrophytes O
BRIREER Z St L e & 22, il FEIENTRIRETH U, AFBTH £ THEHI DM Arthroderma benhamiae & HEFR S 1
7. IOITRESRIRE O CHSI AR TR BRI T T4 <X — & HWT, B0 K ESRIREIE 7 Bl O ETA O % HE B XU
BB, HERETAL OB BN S FNF4 DNA Z i L, PCR 217> 72 fS8 58, WAL 5 O A CHSI AR T O IR A3
RSNz 2O &3, BEMAR RS —BL, WlZWMNEETH o7z, & 51T A benhamiae D CHSI 3K U CHS2
A5 FcDNA O 58 & & % fig §7 L 7z. CHSI i {5 ¥ 13 3158 bp T, CHS2 3 fz 113 3393bp T & - 7. Wi i f= T 1%
Aspergillus nidulans, Coccidioides immitis @ CHSI 35 X N CHS2 & {7 E RN, $170~80% CThH o7z £-FF &
R F I ER 2 Z TR U 7215 H12 T A, benhamiae #5535 L, MBI TORBEZEZ2MRa L2 & 25, CHSI EinT
DIFEBUIHINT 273, CHS2 AT OFBINIEL A 72> Tz
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FEIZDWTE S OMFERTTON T WSS, HEDMERIZ
Wz Tz,

T TR RESRIREE D 5383 & O R ARBRE D 2 -
BRI T2 2 & B, WAEOMAIIIFEL
RN, ERRIRE 213 U 0 & HE E OB D 3 E %
R ChBFF ITERL, FF O EHEHE (chitin
synthase: CHS)) A TFIZDWTHERIL /-,

1) CHSI BGFHBITICLDEERREDORMEIEAD

IS A

HEODOCHS#EIEZ T+ 773U —&L T, £ITCHSI,
CHS2, CHS3 O 3 @I TMHEREINTHD, TNENFHE
HIEAOHEENREIL>TVWSEY ZNE6DFT
CHSI BEFMNEARMEEIC DOV TMIT SN, [T
HEINTNDY 2%, FFFRIREICD W TIIMatan T
Wiz lz. I TEERIRE D CHSI #EinT %7 10—
Z2T L, R¥BEREBR L.
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T252-8510 A IR IR T § B 1866
H AR 22 A W BB R R 15 e PR 7 B A S =R

fE A BRI (Table 1), Epidermophyton J&, Microsporum
J&, Trichophyton &0 13 B fd % /=,

FTRERZRAY 70— 7 R Iz L,
24°C, 5 M, @R EZTT > 72, KITH 100~200mg D
B AL, B, lysis buffer [0.1 mM EDTA,
1% SDS, 10 mM Tris hydrochloride (pH 8.0), 0.3%
2-mercaptoethanol, 1 mg/m! @ zymolyase-100T (Seika-
gakukougyou, Kyoto, Japan)] {Z/#& L, 37°C, 16 K¢fi]
RSB BkEKRE, 7/ —)b, 7007+ )L A
MIL 2T OBEER, 1/10 80 3M OFFEE MU~ AR
ZRML, T8/ =)V ILBRIEIC L > TS / L\ DNA Z
L7z,

HHEER O CHSI 8 {n T O R A7 I T &b %) 600 bp D
EIATWH ZEIET 2T 51~ — (primer 1, 5-CTG
AAG CTT ACT(ACG) ATG TAT(C) AAT(C)
GAG(A) GAT(C)-3; primer 2, 5-GTT CTC GAG
(C)TTT (A)GTA (C)TTC (A)GAA (A)GTT (T)
CTG-3 ¥ ZHWT, il L =& EHD Y / L DNA %
R E LU TPCR 2f7> /2. PCR ORJG&MIZ94°C 1
43, 50°C 143, 72°C 2 3% 1 ¥ A4 7))L &L T30H 12
WORIEZTTV, BROBEETWHFZEIEL 2. HBiEL
BB TWHZ 2% 7 A0—2 7)) ETELIKE 21T
W, RIETF 20 A THRER, KIS FTEELAE
HOES OB TR SRS N/ Z 2Lk

RICEBERHROBIRTBIAICHLT, 1>EhOYT
S TA 7 Oo—=>7F v ;% HWTpCRII vector IT
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Table 1. Species and strains

SRR 164

Anamorph Teleomorph (Mating type) Strain
T. mentagrophytes A. benhamiae (+) VUT-77011 IAM 12704=RYV 26678
T. mentagrophytes A. benhamiae (—) VUT-77012 Americano-European race
T. mentagrophytes A. benhamiae (+) RV 30000 African race
T. mentagrophytes A. benhamiae (—) RV 30001 African race
M. gypseum A. fuloum (+) VUT-4006 ATCC 16445
M. vanbreuseghemii A. grubyi (+) VUT-78043 UAMH 1465=CDC X470
M. gypseum A. gypseum (+) VUT-4004 IAM 12722
M. gypseum A. incurvatum (+) VUT-4002 ATCC 26358
M. canis A. otae (+) VUT-77054 TAM 12728=ATCC 44334
T. simii A. simii (+) VUT-77009 CBS 448.65
T. mentagrophytes A. vanbreuseghemii (+) VUT-77007 CBS 646.73=RYV 27960
E. floccosum VUT-98005 [Human]*
E. floccosum VUT-97008 [Human]
T. mentagrophytes var. interdigitale VUT-97004 [Human]
T. mentagrophytes var. interdigitale VuUT-97007 [Human]
T. mentagrophytes var. interdigitale VUT-97009 [Human]
T. rubrum VUT-97014 [Human]
T. rubrum VUT-97015 [Human]
T. rubrum VUT-97016 [Human]
T. violaceum VUT-98011 [Human]
T. violaceum VUT-98012 [Human]
T. violaceum VUT-98013 [Human]

[ 1*: Origin

ATCC: American Type Culture Collection, Rockville, Maryland, USA

CBS: Centraalbureau voor Schimmelcultures, Baarn, Netherlands

CDC: Centers for Disease Control, United States Public Health Service, Atlanta, Georgia, USA
TAM: Institute of Applied Microbiology, University of Tokyo, Tokyo, Japan

RV: Institute de Medecine Tropicale, Antwerp, Belgium

UAMH: Mold Herbarium and Culture Collection, University of Alberta, Edmonton, Canada
VUT: School of Veterinary Medicine, University of Tokyo, Tokyo, Japan
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Fig. 1. A tree showing the phylogenetic relationships of 13 dermatophyte species based on
CHSI gene fragment sequence comparison. The DNA sequences were compared by Clustal
W multiple sequence alignment programs and then a phylogenetic tree was constructed
using the TREEVIEW program. Bootstrap analysis was performed on 1000 random
samples and analyzed by the Clustal W program. Numbers at branches were determined
by the bootstrap analysis indicating the number of times out of 1000 repeat sub samples the

grouping shown was supported as monophyletic.
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Table 2. Clinical isolates used in thia study

Species (Mating type) Strain Origin
A. benhamiae (+) VUT-97010 Rabbit (isolted at Hyogo)
A. benhamiae (—) VUT-00001 Guinea pig (isolated at Hyogo)
A. benhamiae (—) VUT-00002 Rabbit (isolated at Saitama)
A. benhamiae (—) VUT-00003 Rabbit (isolated at Saitama)
A. benhamiae (—) VUT-00003-2 Human (isolated at Saitama)
A. benhamiae (—) KMU-4137 Rabbit (isolated at Tottori)
A. benhamiae (—) KMU-4169 Human (isolated at Gifu)
A. benhamiae (—) KMU-4170 Human (isolated at Gifu)
A. gypseum (—) VUT-99011 Cat
Trichophyton rubrum VUT-97021 (6-year-old female Dachshund)
T. rubrum VUT-97020 (8-year-old female Yorkshire Terrier)
T. rubrum VUT-97022 (11-year-old male Yorkshire Terrier)
T. rubrum VUT-010001 (dog)

FAIAA TN RIGHICTE BRI L, EIREMZ W T
HOBLETZRE L KBHOEEZBIINLZ. 20
KGEZEBL, Thhs 77 X2 REEIL, DNA
=0 LY —THiERF & @ U7z

H RO CHSI AR T ALY 2 DNA 57— 5 /)N 2> 7
(DNA Data Bank of Japan: DDB]) 2% §%, > —%
N—Z{t L7z LR OEERFIZD SIT N iEZE A
WTRHBZERLZEZ5, BERBICHIET S Z &0
RSN/ (Fig. 1)), Z DT, TBEEZEM, L2
BB X ORERBRICHE DS pEEFT5L LD
{Z, internal transcribed spacer 1 (ITS1) fE#EH L O
2 b3 RU Y DNA OilRREFFEGINTX & — s R
EHB KT EH2H0OTHo72%Y. I 51Tk b, R, i,
R, BEEBECEKE  (Table 2) IZ2DWTH L FiE%E
MWT CHSI BIAT 2T L, BHZT — & N— R I8 Ek
L& WD CHSI BAT & FREFikzE AN TR 2
ERE L, WREDRIEZT> k. 55 NERIT, (kD

FRIC KB FERR L —H LT Fig. 2. PCR amplification of genomic DNA samples was

carried out with A. benhamiae-specific primers. Lanes: 1, 4.

2) RO EEMOTLERRE benhamiae (+); 2, A. benhamiae (—); 3, A. simii (+); 4, A.

ML= RN—Z % FIWT, RSB DR [R simii (—); 5, A. vanbreuseghemii (+); 6, A. vanbreuseghemii
waRa L (—); 7, VUT-97010 isolated from rabbit.

Trichopyton mentagrophytes D5 D Arthroderma ben-
hamiae, A. simii, A. vanbreuseghemii D CHSI &5 T 12 F;
BMIRPCR 7oA X —&HFF LY. ZhnEHNT
N, R, RHED T. mentagrophytes O i K 53 BERKIZ D W
T, PCREMWTEHT LI E T A, NBIUTRHRKE
1%, T. mentagrophytes var. interdigitale ¥ 7= 13 A. vanbreu-
seghemii & —E U 7=/, TRHRMEDY, AFTH £ THER
DL Arthroderma benhamiae INHEFR S 1 (Fig. 2), R0
RERFE S T H A benhamiae ThH D Z ENMER I N
(Fig. 3). T8, AFRTDOHEH D A. benhamiae 43 Bt il
ELUTHELRD.

PbDZ &ipn, CHSIER TR, BERIRE D
FRNEB I OREREICEHTH S EEA SN,

Fig. 3. Gymnothecia produced on sunflower seed agar.
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3) HERKELEDTIERZWIE

BRI B & U2 DR IR B O CHSI & {73
FisZ ® &2, KERIRE O CHSI EinFICRRN TS
AN —ZFREN U2 RIERIREE O CHSI S {n TR By~
T4 % — O HEFIZ 5-CAT CGA GTA CAT GTG

Table 3. Genomic DNAs samples from fungi and bacteria

HEb 458 H 295 FRI6E

CTC GC-3' (primer CHS1 18) 3 & U8 5-CTC GAG GTC
AAA AGC ACG CC-3' (primer CHSI 1IR) T, #J 450
bp DB TWFZ2EET AL 2H/E LY. TTH
J& SRR D CHSI R T I Bt B B T & 2 1R

%78, KGRI, KR RIKRE DA O E i, MW
(Table 3), K, J#i® DNA Z2ZnFNEM & L T PCR
&7 7z. PCR O KSR OFIE ERd & AT H 523,
RIGGMIE, 94°C 147, 63°C 243, 72°C 245y % 1 5 A
ZIVEL, 355 A 7T o7z, T ORER, KERIRE
DDNA NS O H CHSI B R+ OHEIENTER S N

DT ITAR—FHNT, B ERIREE 7 61
(Table 4) DIFAENLDVEE B K OHE, EESHA D1
£ % T N F 4, 50 1g/ml D proteinase K 2 & & k&g
lysis buffer (2R L, 37°C, 16 FrfliAMR S B 7. BEARE
WE, 7z /=)y, 7007 4 )V AU ZEITOBER
%, VIOED3IM OEE>T b I LAKZRML, =%
J—IVEBEIC K > TH / L DNA 2RIt L 72 =Dk
R, WAL O DNA 5 O H CHSI A5 T O BEE A3

Species Strain
Aspergillus fumigatus VUT-98008
Blastomyces dermatitidis TIMM-1840
Candida albicans TIMM-1800 (Fig. 4).
Cryptococcus neoformans VUT-77034
Epidermophyton floccosum TLD-0121
Histoplasma capsulatum var. capsulatum TIMM-0727
Microsporum canis VUT-77054
Microsporum gypseum VUT-4004
Malassezia furfur VUT-98021
Malassezia pachydermatis VUT-98014
Sporothrix schenckii TLD-0221
Trichophyton mentagrophytes VUuT-77007
Trichophyton rubrum VUuUT-97020
Staphylococcus aureus ATCC 12600

ATCC: American Type culture Collection

TLD: Teikyo University Laboratory from Dermatology
TIMM: Teikyo University Institute of Medical Mycolgy
VUT: School of Veterinary Medicine, Uiversity of Tokyo

1 2 34 5

ez (Fig. 5).

BlE S N B R TIC DWW T BRI W TR R E S
ERRHTL, BREEFE 21T 72" 155 N7/ R, SR
U7l B OB MR R & —F L (Table 4), FHZAHL
70 5 B SR ARE O CHSI 75 D PCR % % J W\ 72 ik
ZWIINTRETH D T LR S N, S8, KRR

6 7 8 9 10 1112 13 14 1516

B

-1,000bp

-500bp

Fig. 4. PCR amplification of genomic DNA samples was carried out with dermatophyte specific primers. A,
CHSI1 1S and CHSI 1R. B, primer 1 and primer 2. Lane 1, Aspergillus fumigatus VUT-98008; 2, Blastomyces
dermatitidis TIMM-1840; 3, Candida albicans TIMM-1800; 4, Cryptococcus neoformans VUT-77034; 5,
Epidermophyton floccosum TLD-0121; 6, Histoplasma capsulatum TIMM-0727; 7, Microsporum canis VUT-77054; 8,
Microsporum gypseum VUT-4004; 9, Malassezia furfur VUT-98004; 10, Malassezia pachydermatis VUT-98014; 11,
Sporothrix schenckii TLD-0221; 12, Trichophyton mentagrophytes VUT-77007; 13, Trichophyton rubrum VUT-97020;
14, Staphylococcus aureus ATCC 12600; 15, healthy dog skin sample; 16, healthy cat skin sample.

Table 4. Patient animals and microbiological tests

Patient Breed Age Direct exam Isolate

1. Dog Pomeranian 10y Male + M. canis

2. Dog Beagle 10y Female + M. canis

3. Dog Yorkshir terrie 8y Male + M. canis

4. Dog Maltese 9y Female + M. canis

5. Cat Crossbreed 9y Female + M. canis

6. Cat Crossbreed 2m Female + M. gypseum

7. Rabbit 2m Female + T. mentagrophytes

+: Microscopic examination of skin scraping and hairs from skin

lesions revealed hyphae and arthroconidia.
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1 2 34 5 6 7 8 9 10 11

-500 bp
-300 bp

Fig. 5. PCR amplification of genomic DNA samples was carried out with dermatophyte specific primers (CHS1
1S and CHS1 1R). Lanes: 1-7 affected areas of patients 1-7; 8, non-affected areas of patient 1; 9, non-affected
areas of patient 5; 10, healthy dog skin; 11, healthy cat skin.

A. benhamiae CHS1 EFILQRRRWLNGSF 793
A. benhamiae CHS2 ***Q@***kkkk**x* 722
C. lm.mltls kkFxk|hkxkhklhkhkkkk 777
E. nidulans b e ] 7717
N. crassa kkhkklkkhkkhkFh hk*x 726
A. aegypti *RYN*****VPSTT 589
D. immitis **FN*****TPS*I 1,107
L. cuprina **PNF****TPS*T 1,107

Fig. 6. The signature sequence’ QRRRW (indicated by box) of CHS genes in A. benhamiae CHSI (DDB]J
AB050933), A. benhamiae CHS2 (DDBJ ABO055893), C. immitis (GenBank AF276826), N. crassa (GenBank
AF127086), E. nidulans (GenBank AB023911), Aedes aegypti (GenBank AF223577), Dirofilaria immitis (GenBank
AF288618) and Lucilia cuprina (GenBank AF221067). An asterisk indicates identity with the amino acid found
in the A. benhamiae CHSI sequence.

-1,000 bp

27 cycles e
P -500 bp
P — -1,000 bp
cycles -400 bp
-500 bp
CHS1 CHS2

Fig. 7. Reverse transcription-PCR (RT-PCR) assay of A. benhamiae CHSI and CHS2 genes induced by CHS
inhibitors. Lane 1: A. benhamiae cultured in Sabouraud’s broth. Lane 2: A. benhamiae cultured in Sabouraud’s
broth containing nikkomycin Z (50 /£M) . Lane 3: A. benhamiae were cultured in Sabouraud’s broth containing
polyoxin D (50 £ M).

DEFBL OB ICAFENERHTH S EE A 5N O— 7 RBSRARE R L, 24°C, 7 HEIRE RS
%, BRZEINL, ZNZHEMREL - 20l

4) A. benhamiae ) CHSI &1\ CHS2 BIZFREE 5F 74 £l RNeasy total RNA kit Z& 2 T#) 100 g
DRELFTF U ERERBER DK @ total RNA ZHIHIL7=. ZORNAMWSTA TF v

A. benhamiae 2 it B! (+) VUT-77011 ¥ = W& 1k 5 7 FU T H )LD 5 RACE System for Rapid Amplifi-
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cation of cDNA Ends & v k $ X 18 3' RACE System
for Rapid Amplification of cDNA Ends F v K 2 H W\
T RACE k%17, CHSI 33 X U\ CHS2 j# 15T cDNA ®
TEREMTL 2.

Z OFER, CHSI ji{5 113 3158 bp T, CHS2 ji {5 T1%
3393bp TdH o /=9, L/ HhiE L 7z CHSI B & f CHS2
BEFHERICOVWTIEZNZNDDB] IR &L 2
(accession no.- AB050933, Arthroderma benhamiae mRNA
for chitin synthase 1, complete cds 3 4 TF accession no.-
ABO050933, Arthroderma benhamiae mRNA for chitin
synthase 2, complete cds).

F /= Aspergillus nidulans, Coccidioides immitis, Exophiala
dermatitidis O CHSI 33 & U8 CHS2 i& =1 & O # Al £ 13,
1 70~80% & iEno 7z

£2T I MECHID S BESR OTE PRI O AR R P A3 oD
HEcmhZens (Fig. 6), ViEEtezaFd25FF >
Bk FZHERIMN A, benhamiae \Z HHIHEEMNDH D Z &
MARBREINZ. T TFTFUARBRAFANTSH 2,
nikkomycin Z 3 & OF polyoxin D ZZHNZ R L 7= 1%
M1 12 T A. benhamiae % 5 7% L, mRNA Z fli i} L, RT-
PCR % 1\ T CHSI 3 X X CHS? i& {1 D F& Bl 2 #a 5t
Uiz, TORR, FF > BREEREEANICE > T, CHSI
BT OFRBUIHEINT % 2%, CHS2 BiZFOFRBITITE
Lslano/z (Fig. 9. DLEORERN S, FF >G5
BREEAZHWCBETRBZERT S 2 L], FF
CERREFEAERNC X 2 H - PTERA ORI ICE A
HfezbleosdTdbDEEZSNL.

£ & O

R JESRIREE D CHSI & An T O ILE S % fi#hi L, DNA
F=H NI L T = RX=21T % & EBITHRHE
BEERLEZ. ZORBBISERICOIEL, ZOkE
I, TEREZERY, LS X ORI D < &
HEIRTHEEDIC, MMOaTFEMFENSE/BRE
H—HITHIEEME L. SHICHELZT—F N—
AZRANT, BRDEEOIEFEEEML L. £
AKITEH ETHEDIRDN > /2 A. benhamiae ZHER L, Bl
1E, BB I OEWHED L& RIREIEMN S A. benhamiae )3
AR THEES N, FANENORRGIEH D Z &2 W
BL WD S8, RRIYEICD W TIE—E O ENAE
HEIN, TERDIFEFRENLETHS.

AT &SRR BE QIR A TRAL D 5 RIRE D CHSI
AT & PCR EZE HWTHRT 5l Wik & fEsr U
7=. £ 7= A. benhamiae ® CHSI 3 X (X CHS? & {1 D 5%
2EERETHELEDHIT, RT-PCR ZHNWTFF V&R
R AER OERZBE L 7.

PIL, CHS i F&fHT 52 & T, RIERIRE DR
WM S B E A AR AR S N, [FIRC RS R
REEDRHEBEIC BINHT 2 Z &M TED T EHRE
Nz, ISHIHERFOHBOmEN A SNEHDEE
ANz,
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Chitin Synthase (CHS) Gene Analysis of Dermatophytes

Rui Kano
Department of Pathobiology, Nihon University School of Veterinary Medicine,
1866, Fujisawa, Kanagawa 252-8510, Japan

About 620-bp genomic DNA fragments of CHSI genes were amplified from 13 species of
dermatophytes by polymerase chain reaction (PCR) and sequenced. The phylogenetic analysis of CHSI
gene fragments of these dermatophyte species revealed that 3 genera of Epidermophyton, Microsporum and
Trichophyton were genetically different from each other. The molecular analysis of CHSI genes will
provide useful information for the identification of dermatophytes. The species-specific primers were
designed from the nucleotide sequences of CHS!I gene in 3 teleomorphs of 7. mentagrophytes. Using these
primers the PCR analysis identified the clinical isolates of 7. mentagrophytes from rabbit as A. benhamiae.

By PCR analysis with the dermatophyte specific primer pair, dermatophyte DNA could be
diagnosed directly and rapidly in clinical skin samples.

The full length of CHSI and CHS2 genes of Arthroderma benhamiae (one of the teleomorphs of T.
mentagrophytes) was sequenced by 5-RACE and 3'-RACE methods using cDNA as a template. The full
length ¢cDNA sequences of CHSI gene (3158 bp) and CHS2 gene (3392 bp) were proved to encode 890
and 419 amino acids, respectively.

The amino acid sequences of A. benhamiae CHSI and CHSZ2 in the conserved regions shared,
respectively, about 709, and 809 sequence similarity with those of the other filamentous ascomycetes
registered in the data base of the GeneBank. RT-PCR analysis suggested that chitin synthase inhibitors
(nikkomycin Z and polyoxin D) might stimulate the expression of CHSI mRNA in A. benhamiae, and
not the expression of CHS2 mRNA.
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