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Identification of Medically Important Molds, Dermatophytes,
and Yeasts by Oligonucleotide Arrays

Tsung Chain Chang (3RE4%)

Department of Medical Laboratory Science and Biotechnology, College of Medicine,
National Cheng Kung University, Tainan, Taiwan, Republic of China

Infections caused by fungi have increased in recent years. Accurate and rapid identification of fungal
pathogens is important for appropriate treatment with antifungal agents. On the basis of the internal
transcribed spacer 1 (ITS 1) and ITS 2 sequences of the rRNA genes, three oligonucleotide arrays were
developed to identify 64 species (32 genera) of molds, 17 species of dermatophytes, and 77 species (32
genera) of yeasts of clinical importance. The method consisted of PCR amplification of the ITS regions
using a pair of universal primers, followed by hybridization of the digoxigenin-labeled PCR products to
panels of species- or group-specific oligonucleotides immobilized on nylon membrane. The sensitivity and
specificity of the arrays were higher than 98 and 97%, respectively. The whole procedure can be finished
within 24 h starting from isolated colonies; reproductive structures, which are essential for the conventional
identification of filamentous fungi are not needed. The arrays also have great potential for direct detection of
pathogenic fungi in clinical specimens. In conclusion, the present arrays are powerful tools for identification
of fungi and may have the potential to be continually extended by adding further oligonucleotides to the
arrays without significantly increasing the cost or complexity.
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+¢ Publication list of Tsung C. Chang «¢

* Reviewed articles (* corresponding author)

. Chang HC, Leaw SN, Huang AH, Wu TL, Chang TC.* Rapid identification of yeasts in positive blood
cultures by a multiplex PCR method. Journal of Clinical Microbiology 2001; 39: 3466-3471

. Chen CC, Teng LJ, Tsao SK, Chang TC.* Identification of clinically relevant viridans streptococci by an
oligonucleotide array. Journal of Clinical Microbiology 2005; 43: 1515-1521

. Hsiao CR, Huang L, Bouchara J-P, Barton RH, Li C, Chang TC.* Identification of medically important molds
by an oligonucleotide array. Journal of Clinical Microbiology 2005; 43: 3760-3768

. Leaw SN, Chang HC, Sun HF, Barton R, Bouchara JP, Chang TC.* Identification of medically important yeast
species by sequence analysis of the internal transcribed spacer regions. Journal of Clinical Microbiology
2006; 44: 693-699

. Leaw SN, Chang HC, Barton R, Bouchara JP, Chang TC.* Identification of medically important Candida and
Non-Candida yeast speices by an oligonucleotide array. Journal of Clinical Microbiology 2007; 45: 2220
-2229

. Li HC, Bouchara JP, Hsu M. M-L, Barton R, Chang TC.* Identification of dermatophytes by an oligonucleotide
array. Journal of Clinical Microbiology 2007; 45: 3160-3166

. Li HC, Bouchara JP, Hsu M. M-L, Barton R, Su S, Chang TC.* Identification of dermatophytes by sequence
analysis of the rRNA gene internal transcribed spacer regions. Journal of Medical Microbiology 2008; 57:
592-620

. Ko W-C, Lee N-Y, Su SC, Dijkshoorn L, Vaneechoutte M, Wang L-R, Yan J-J, Chang TC.* Oligonucleotide-
array based identification of species in the Acinetobacter calcoaceticus-A. baumannii complex isolated from
blood cultures and antimicrobial susceptibility testing of the isolates. Journal of Clinical Microbiology 2008;
46: 2052-2059

. Su H-P, Tung S-K, Tseng L-R, Tsai W-C, Chung T-C, Chang TC.* Identification of Legionella species by an

oligonucleotide array. Journal of Clinical Microbiology 2009; 47: 1386-1392

Bouchara J-P, Shieh HY, Croquefer S, Barton R, Marchais V, Pihet M, Chang TC.* Development of an

oligonucleotide array for direct detection of fungi in sputum samples from patients with cystic fibrosis. Journal

of Clinical Microbiology 2009; 47: 142-152

And 59 other peer-reviewed publications.

* Patents

. Huang SW, Wu JJ, Chang TC. 1997. An enzyme-capture assay (ECA) for the identification of Escherichia
coli in clinical samples. US patent 5,612,186.

. Chang TC, Chen HC. 1997. Method for detecting antimicrobial compounds. US patent 5,591,599; Australia
patent 686,139; United Kingdom patent 2,289,946; France patent FR94 06,542.

.Chang TC, Chen S, Ding HC. 2001. Rapid identification of Escherichia coli 0157:H7. US patent 6,210,911.

4. Chang TC, Chen S, Ding HC. 2002. Rapid identification of microorganisms. US patent 6,428,976.
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5. Chang TC, Huang YH, Chang HC. 2004. E. coli agglutination assay. US patent 6,689,572; European patent
1199567 (United Kingdom, France, Germany, and Italy).

6. Chen CH, Chang TC, Ding HC. 2004. Methods for rapid identification of Bacillus cereus US patent 6,699,679;
UK patent 2,374,664; France patent 2,820,147.

92M890, 93M917; i HE I HL FI 5207675845, US patent 5,418,140.

1. O AR PRI R TR AR A FI(1991-2 ) (@it EHib8oM783,
B4 402850359 450%)

2. IR IRk IR (8 2 SR R ERE T, AR S BRI —SBRAv)(2007-) (R AL H B9k GIT-
B210, rhiERE AR | 2823694K)

3. AMALEE /> 1 Eykli(microarray biochip): 73 il AR A7 R 2 ) 2 SRS 5 IE B 2 (2008-),
(T RS B R GO7-B210, HhiE R SR | 2522574K)

And 33 other patents.
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Taxonomy of fungus

Class Hyphae Sexual spore Asexual spore
Zygomycetes aseptated zygospore sporangium
Ascomycetes septated ascospore conidium
Basidiomycetes septated basidiospore conidium
Deuteromycetes septated not found conidium

Dermatophytes] &5

Ascomycota - Pezizomycotina - Eurotiomycetes - Eurotiomycetidae - Onygenales - Arthrodermataceae
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Anamorph (57 Al ) Teleomorph (-3 Al tif)
Trichophyton Avrthroderma
Microsporum Arthroderma
Epidermophyton -

Fol mE 57
Anthropophlllc
Zoophilic
Geophilic

e 4 E7F — EAYESH EF — multifactorial
T. rubrum complex

T. mentagrophytes complex

L0 =IOl v

<=8 (1976~1995)

T. rubrum 81.7%, T. mentagrophytes  5.8%, M. canis 5.7%
E. floccosum 1.0%, T. verrucosum 0.6%, M. gypseum  0.2%
M. ferrugineum  0.04%, T. tonsurans 0.03%, T. violaceum

T. tonsurans (1995),  A. benhamiae (2004), T. erinacel (2008)

=

Very common : T. rubrum, T. mentagrophytes (T. interdigitale)
Common : M. canis, M. gypseum

Rare : T. tonsurans, E. floccosum, T. verrucosum
\ery rare : T. violaceum, M. ferrugineum, T. schoenleinii

Dermatophytes HHQF

1. HYX]

o

ARE] BN

=2 10 -
Sabouraud dextrose agar (SDA), Mycosel agar
Potato dextrose agar (PDA): conidiation ==l
Cornmeal with Tween 80: conidiation <31, T.rubrume] &2 4
Dermatophyte test medium (DTM): phenol red
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Christensen urea agar

Trichophyton agar #1 - #7 (Difco)

Takashio medium (Diluted Sabouraud medium): 1.8]-&

PDACT (Potato Dextrose Agar-Corn meal-Tween 80)
19861 ol AM<e algrde] A
SDA - #& & Aeht} B4 Fad o] UehA 2
At Sl A gk
T.ruorum -5 HE A, KOHZHF5 5
BARE A PA
T. mentagrophytes®] °}g i
SR oAl

C.albicans $¥ A} 31

ZA
Potato dextrose agar (Oxoid) 209
Corn mel agar (Difco) 209
Peptone 49
Tween 80 6ml
=z = >~
o1

1L

2. HiX| 2tS Mo F2| AtE

ol a, APAS HA S (12)
Z13] with vz &7 contaminationd] d<lo] ).

I
ofje
S

o
O
o
o,

Ami
A A<} cycloheximide: HIA| 7} SE38] A2 % (60C) #H 71kt

F&-3teh 3571 A #) 7] gkt
nl2x] rE E3le] 4CoA K

=
X
-9,
=
=

>~

Aseptic techniques- AF-&-3hc},

Hob gl ito] Qi R AATth BHael HgAE, 24 D me
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Hi=] e BA ¥ vpErh: viA]

Aseptic - Alcohol lamp $]ell 4] == Zé:% Al &gy,

Cycloheximide €2 A7} §li 2714 wiA| & A}-&-gtc),

25°C 2} 37Tl A nfggict

rir
oy
40

6. False negative (Hf 0| Otg|

A ol 42 )
%o AFA AR F

BES AR A5 A BE oy, m=AS 2
R A odhE W, 2ol A, whAAE AR

o] ztz}7] el wjA] AAE =T

Contamination: ®§41
Aol 2.9

7. ContaminationS Z0|= i

ofe] Waol M FAl AAste] Wk, olel Ao woeol W
AN BAE AZEA, mite AA- g
28 WA AgEA gtk

A vhE o 7|5 Fe 2uA B
| #] B tubes ARE3LEL

Cycloheximide, A & 713k vjx] AL&
A% WNG FHLE £5E F AAERS A3

8. PathogenZ} contaminantl &

of g WAl sl AFH S wiF

o2 7He] tubeoll FAlol HiF

AZE HAS AL ol W oulek

HHE5lo] 71Zo] W pathogen O 2 AEH3i)
AAE AFT F-915 gk
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Dermatophyte A&
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1. ColonyQ| Q%

Topography: flat, raised, heaped
Texture: smooth, fluffy, granular, suede, velvety
Pattern of folding: cerebriform, craterform

FEF

no
e

012

=

g AFH: BAATE T8 A X (T /A e S0,
Slide culture
FrE|o] 3 (cellophane tape), hook

Hyphae
Septation
Pattern: spiral, raquet, chandelier, nodular body
Pigmentation
Vesicles or swollen cells
Conidium (conidia): asexual reproduction (<> spore)
Macroconidia: size, number of septum, shape, wall thickness, surface
Microconidia: shape, group, T-Akoll o] -2+ oAk
3. d2ld A

ZEEAF ZA}, Urease test, Growth factor requirement

4. WHIAIE Mating test

-11 -
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Dermatophytes: 3 genus

Macroconidia Microconidia Involved
Microgporum numerous numerous skin, hair
SPp- spindle-shaped

thick walled

spiny surface
Trichophyton rare Numerous skin, hair
SPp- pencil or fusiform ol meh 544 nail

thin walled

smooth surface
Epidermophyton numerous not produced skin, nail
SPP- boat-shaped

thick or thin walled

smooth surface

1. rubrum

AAET: slow 14

. _2 0 0o g Ilateraland
Colony 3 &l og-shor

peg-shaped
W £E R (fluffy), white to buff % 20

uH: E=SA shrown, yellow, no-color
dAnl A &~

Microconidia: numerous to rare

nar.ro'w'_
tear-shaped, solitary along hyphae cylindrical
"A7)Eo] AL ke B

Macroconidia: rare, pencil-shaped

1. mentagrophytes

S

J 245 moderate, 7~102

of
=il

var mentagrophytes: zoophilic
var interdigitale  : anthropophilic
Colony Jel: wj-$- v}
zoophilic - & (granular)
anthropophilic - %3 (downy),
248 (powdery), E5oFE (persicolor)

-12 -
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Powdery form: Radial or concentric fold
Bl™: brown > colorless, yellow, red

dAng A7
Microconidia: very round, clustered
Coiled spiral hyphae
"EESo|sh P

Macroconidia: 7}, thin walled

T. rubrumvs T. mentagrophytes
PDACT

1=Ye]
p

9

aAnd 24

T. mentagrophytes: coild hyphae, clusted microconidia
Hair perforation test: T. mentagrophytes: %43
Urease test: T. mentagrophytes. %44

Bacterially contaminated T. rubrum

T. raubischeckii

I. tonsurans

%4 moderately slow, 12
Colony 3 &l

Sulfureum &: 3z

- _ — = variable size
Mahogany-red &: =] &-oll= A5 Bk and shape
o] A B B3t F2 Aoz Wit}

% Mahogany-red
il B s
Micordonidia: diagnostic

I endothrix

Variable: tear drop, 2%, A'¢<, balloon forms
Conidiophore: perpendicular to hyphae
May spiral coils

Physiologic test: thiamine dependent

1. verrucosum

A4 very slow 21~30Y, 37504 o Z zjgkt
Colony 3|
Small, heaped, button-like> flat

-13-
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On thiamine- and inositol-
enriched agar

Texture: glabrous > downy
White —> gray or yellow
H| W various, 57 1tk
aAnld 24
Aol Zurz A} (chlamidoconidia in chain)
Macroconidia: ] 772] 2%
Physiologic test: Thiamin, inositol 2 Q.

M. canis

445 moderate, 6~10 o]}
Colony & €l
¥H: whitish, fluffy, $AMS 5
7] dAPE AR S 2 S AU
v deep yellow —> yellow brown
An)d &7
Macroconidia: 35-3tth. 5% 4
Long, spindle shaped, rough, thick walled
E7340] (knob) 2 &, 671 o] Al

Microconidia: a few

¥ spores In
masses on hair

M. gypsesum

4744 5% moderateley rapid, 64 o]
Colony 3l
¥.H: flat, spreading, powdery to granular (L[>

Buff —> tan to cinnamon brown (5-3+41)
v variable

macroaleuriospores
= y |
six cels
hmwals/ &é
anz 22 %//
Macroconidia: "|-¢- S5, 534 0/ 2

Symmetric, rough, thin walled, 671 oJuje] Az e arar el el

55 rounded <—> pointed M. canis

Microconidia: usually
E. floccosum

A4 moderately slow, 15 oW

Colony €|
39 brownish yellow to olive gray or khaki
Lumpy and sparse —> folded, radial groove. velvety

-14 -
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T % fluffy
vl orange to brownish, 714 yellow border
Pleomorphisme] 2 A3 71t}

vl 4

Macroconidia:

HH OO]: 2—7] Oﬂ %Zj%q’ chlamydospores S
) formed
Smooth, thin walled, club shaped, round ends as thallus ages @ )

2-6 A, single or clusters

Microconidia: no

(o]
=/

FO

1. Colony A%t

EEFA: T. rubrum
3 F A M. canis
7} 7] AW E. floccosum
Ay & M. gypseum
2. 48 &
o

M. gypseum, M. canis

T. mentagrophytes
=tt

E. floccosum, T. tonsurans
u - vt

T. verrucosum, T. violaceum, M. ferrugineum, T. schoenleinii
T. concentricum, T. yaundei, T. Soudanense

FoAHg

SeHQl west #4443

T T T BF, AR Fel
Fo% #7E B

LAY, A71E BEE o7 o
2. AN, SRAPgE] e, 54 2
9-29

554 AL e 8k3] Al 12F workshop =57, 1998:
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v a4, o

©) 1 3#38+3] A 3%} workshop. %44

N
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o

3. A71E WRAITE) A 27 g
2001; 6: 179-185

4, AL, WA B4, o] Wtet3] Al 621 workshop. 2] 4] 2005; 10: 178-185

5. Rebell G, Taplin D. Dermatophytes. Their recognition and identification. University of Miamy Press, Coral

Gables, Florida, 1970
6. Larone DH. Medically important fungi. A guide to identification. 3rd ed. Washington: ASM, 1995: 161-181
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Malassezia & 5.2 w5 Aad fFo = EAsh, 7743 Aele] 75~98%0l A gl &
RS 1889 A7fE o] HA7FA] AF (pityriasis versicolor), A F3] 5 (seborrheic dermatitis),
Malassezia B'3$ (Malassezia follicultitis) &2 9Q1o=A 1 T840 dEA ghow, T ddF ¢
ol =3 I]H-4 (atopic dermatitis)®] °FSIRIALZA S| F 8ol F-ZAE L Ut} o] Lok HTol= &
A WA -5F% (confluented and reticulated papillomatosis)®} 27+214+5 (onychomycosis)#}¢] ¥+
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e

J[ot
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N o2 7
M &
S A7 42 dematiaceous fungi, black fungi B=i= pigmented fungighal shH A|Edbol] 2lehd AMAS
A3 = A Jol=
_':Q_“_

o] BA4olth. a3 @ 74 SAKF] 1 olabe] thE Al ol 3
AT IR AT oF MR Fe] wisl F7hAa gle
1)-

we Mg 7%l ¢ Ao Az,

* Pathogenic fungi
A) BE (Yeasts, yeast-like fungi)
2 (moist) FHES FAsHH XAz Wolste] EobAlE (budding cells)E 71
Candida, Cryptococcus, Trichosporon, Rhodotorula,..
B) A< (Molds, moulds, filamentous fungi)
A} (hyphae)gtal E2]9-&= 4|8k filaments 713
— Aseptate hyphae: Zygomycetes (Mucorales)
B2 2Rt #AME HolH AY (septum)o] §lo
Rhizophus, Mucor, Absidia (mucormycosis)
— Septate hyphae
« Moniliaceous fungi (hyaline molds):
Akl Aol gl Aat glo] AgoR P
Aspergillus, Fusarium, Acremonium, Penicillium,..
- Dematiaceous fungi (dark molds):
Al A¥ol glar Hephd Age] ofsf gk Ao w Al

Cladosporium, Fonsecaea, Exophiala, Phialophora, Curvularia,..

-21-
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A WA (Tinea nigra)

AR ZHA%e] BAY ARRPoR F2 Enige] S woz vehy,
Exophiala(Phaeoannellomyces) werneckii, Senella araguata©] th.

EREAAS (2R TS, Onychomycosis) — A 5-%

S AN K tol] oJE] &gl Aojx= AS it 543 (fungal melanonychia)zhal s U<l
To 2 Alternaria(A) alternata, Curwularia lunata, Exophiala(E.) dermatitidis, Cladosporium(C.)
carrinonii, Chaetonium perpulchrum, Lasiodiplodia threobromae, Hendersonula toruloidea, T. rubrum

o
[JO
=
rlo

o

x|

with a diffuse black pigment”} $J

S GALNAS (AHES, Black piedra)

YHZ7] (hair shaft)yS wet i ddst Ado] A7m F2 Aol A Fu R A1
o} YL Piedraia hortaeo] th.

Zhak Ab iS5 (Keratomycosis) — -5

zhepe] Mt Adsom ool oal Zhetd Ay FFE o] WAEh, it A aternata,
Curwularia lunata, Phialophora(P) verrucosa, C. oxysporum, Aueobasidium pullulans, Phoma
oculo-hominis 5-°] 1tk

A pgroligol S (Mol S, Chromoblastomycosis)
Aol ofgk 7 gl datxz o] v Kol M dPew
S VMR 3L &S Bol= H3HAM|E (sclerotic cells)7} 57 4 o]t
pedrosoi, Cladosporium(Cladophialophora) carrionii7} 7Hd &£3lar 1 9o P verrucosa, F
compacta, Rhinocladidla(R.) aquaspersa 5] )

S A Fgo] 5 (S, Phagohyphomycosis)

Sz o7k Al ﬂﬁzoi st B ANRAS dorin A & ﬁ*}, bl
Aol TAE Holup MAaFopxldFolM el 2 A3t AEe UEhA etk A
=9 YJAH 2= E jeansdme”’} 7Y £33l E. dermatitidis, P. verrucosa, Drechslera sp.,
Phoma sp., Curvularia lunata, A. alternata, Exserhiumrostratum, E. moniliae 5-©] 1

s

ot
>

Z13+&(Eumycotic mycetoma) - U5

v q-o} vjstz2 o] W fopdAd HUo R F3 (tumefaction), 5 (draining sinus tracts), 2+
% (granules) 3= Al9A (grains)e] 3714 Q14 54 vebdiek 9915#0.% Madurdla(M)
mycetomatis, M. grisea, E. jeanseimei, Leptosphaeria senegalensis, Curvularia lunata 5-¢1 S

_4

SRS A A tE dd AR HARSE e vl o
of sl 1vtAl = S4B e A2, e, A AS5EE, texture, vX2] HH
A FHE 7|2 sto] o' Y TheAdSs T8 $oll 2d AR And R ayEks S
¥ (slide culture) -5 WH=o] Lactophenol-cotton blue® 1 A1&te] @Am| &bl A Eate] F57,
Apo] Azk A d vk, AR (conidiophore) B! vrALe] HE] 5o 5 A AvA AAS

ol 2l
o &

]

EJ—
3=
T

o

O

S S T o
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2 3t T4 stk w2 xAbe] 3 dny o] dadn A o] FrbEv|E gl &
b Bl A wHERE #F o] IE wi= FuiAl AE (sugar assimilation test), =% WA}
(heat tolerance test) &2 AJs}st 2 A2 E4 A} (biochemical & physiological test)”} AH&-%o] k=
] Z<el&= rDNA ITS (internal transcribed spacer) region sequence 9] EAFAE8H2] o] H.9HA]

KR

=

1 (unstained tissue section)oll A% ZAe] e AiE IR1E 5 o
do7l= SAZAAE (F pedrosoi, C. carrionii, P. verru F

TEo FHE ¥E 7L 285 Hole AR 5w W

1) ®ASHA: St 2HE

O e Mzt HEH

ST R Rl Ere] Aze] Sajolm, wjx]olw (reverse):= S-S HIITh

- SAAFE FHee] Azo] dark-oliveol A blacko.2 WEHAA HE (fluffy) 2o
HeS Bl E dermatitidisi= creamy3t yeast-like colonyS H.Q1t},

@ YFST (growth rate)

T UL = A A 5~7Y oW full growth® &= 21428 (fast-growing), 6~13Y ©]u}
W33k S5 94% (moderate-growing), 14 oA} T L oAb A ypof W&l XA (slow-

growing) &= ol x| =] tiiE SIS Fe ol & sk Aternaria S 2SS et
o]™ F compactai= A1 F4tolth

@ Egs2x
o] HE2EE & + & 75 (genus)Hel = ol Wt &

ST S a7 7ol o
2N, 2L AWM E A2 vE d57F Atk o
ol A Sske] wiEe] AA] ed=d )

w =
Y

It

H Exophiala 49| &% E. jeansdmei

O

= 38T °] 3l E. dermatitidis, E. moniliae 2 E. spinifera
= 38T oldellA & A7t
2) M 2tHA!: Hn|g &

AZ13t5 Cladosporium w52 A% ol 4} (blastospores) S K91t
HRIO| AH 2zt

BAFE WE 44 EE A B,

MR IAGHL BAATE AN Ao A Cladosporiumd, A4}
Zolu 45 we} ¥217} A ¥ Rhinodadidlad, phialidett= Zek2~ad Az o] o
3 Phialophora® % 3slv}= Hol=t| F pedrosoi+= 3382 38 Rt

SEl

|
. jeansdmeis EAZ o7 o] M} shsolA] mEHz 95y we

o,

FYol RS B2
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Fig. 3. Phialophora verrucosa®] @w|7 471 (Lactophenol-cotton blue 3
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3) M 3THA: Mspsr 2 Me|EN A AL (biochemical & physiological test)

@ YA AE (sugar assimilation test)

Exophiala 742 7% % E. jeansdmei= FA} 2 FollA glucose, D-gluconate, gluconateo]] FAJuk
S-S Ho|y lactose, melibiosedl = A WS Ho] melibioseol] = 4AHFS-S Holi= E. dermatitidis,
E. moniliae ¥ E. spiniferas}t % 7HHo] 7}s8bch

@ 2= LHEZAAL (heat tolerance test)

Exophiala 142 &% E jeansdmeiv ZHUI'E525% (maximum growth temperature)”} 37°C=
38T o] dollA x| Zslo] Fxgo] AR Z=d Hvldl, E dermatitidis= 42C, E. moniliae 2 E.
spiniferas= 40°C7F Z42; HoPdS2 & 38C ool A e & Agtr g % 1ol 7hs3strth

4) A 42 XY 2M (molecular analysis)

e =S bead beater} s i® Sy e AEHS 93] ske] DNAS &
3he] obzlet e BAYEIH JMor FEe) B #E TF ok (subtype) S TEF
% sl

« RAPD (Random amplified polymorphic DNA)%

- mtDNA (mitochondria DNA) RFLP (restriction fragment length polymorphism)

« PCR (polymerase chain reaction)-RFLPH

- chitin synthase sequence '

AC)

« DNA ITS region sequence™™
« B-tubulin (TUB1) & actin (ACT1) regions sequence™

4 4 48 O A vl
A AEgEen dene hen ol Akl #el YRS woln 23
seom why foled PFANe ol WA AFuAe] 22ue (issue culture)S 3ol €]
Ve FAs] TAAFL B shelof wel,
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