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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:= ascomycetesol] <3t}

A At Anamorph - asexual stage

Telomorph - sexual spore: ascospore: + or -

o) T. mentagrophytes
var mentagrophytes
var erinacei
var interdigitale

20|

=/

Lol

A<= (1976~1995)
T. rubrum 81.7%,

Arthroderma behamie

Arthroderma vanbreuseghemii

T. mentagrophytes 5.8%,

M. canis 5.7%
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Workshop Dermatophytes &3

E. floccosum 1.0%, T. verrucosum 0.6%, M. gypseum 0.2%
M. ferrugineum 0.04%, T.tonsurans 0.03%, T. violaceum
2

Very common: T. rubrum, T. mentagrophytes

Common : M. canis, M. gypseum

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

Ankg

Sabouraud dextrose agar (SDA), Mycosel agar
Potato dextrose agar (PDA): conidiation =71
Cornmeal with Tween 80: conidiation =%, T. rubrum?] #-& A
Dermatophyte test medium (DTM): phenol red
55 8%
Christensen urea agar
Trichophyton agar #1 - #7 (Difco)
Takashio medium (Diluted Sabouraud medium): x8}]-&

PDACT (Potato Dextrose Agar-Corn meal-Tween 80)
19861 ol Mo wadol i
SDA -3t z Aght sl Fagh ZAo] yehbA] o5
WAt A Asith
T.rubrum -5-+9] H2 A, KOH/ZHT &7
EAAE & A
T. mentagrophytes] o}& -+
Fras oA
C.albicans $-2F3£2 %31
z4
Potato dextrose agar (Oxoid) 20g, Corn mel agar (Difco) 20g

=z 2 2=

Peptone 4g, Tween 80 6 ml, =< 1L

2. iR 2HS MO 2| Ared

28 A8E A}gst

Y 28 FolA et

APA BjA] -FEe S WA, APES S gRE (12)

78 283 wick Auz E7]= contaminationd] ¢¢le] Fth
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8. Pathogend} contaminante #&
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Dermatophyte S&

ME
]

1. ColonyQ| §9t& 2t

Topography: Flat, raised, heaped
Texture: Smooth, fluffy, granular, suede, velvety
Pattern of folding: Cerebriform, craterform

Dermatophytes &%

crateriforme cerebriforme

et

2.

rat

nEA

S
=

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, Akl @] 21 kAr

3. delH HAb

TRHE ZAL Urease test, Growth factor requirement

Types of Folding of Thallus
Surface



332 Workshop

Dermatophytes: 3 genus

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

thick walled

spiny surface
Trichophyton rare Numerous skin, hair
SPp- pencil or fusiform ol wel 545 nail

thin walled

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

thick or thin walled

smooth surface

/. rubrum

A& slow 14
Colony 3l

EH: YR (fluffy), white to buff
il R A

Al 44

>brown, yellow, no-color

Microconidia: numerous to rare
tear-shaped, solitary along hyphae
71 AA ke m

Macroconidia: rare, pencil-shaped

[. mentagrophytes

oX,

ZF4=1=: moderate, 7~109
R

var mentagrophytes: zoophilic

var interdigitale  : anthropophilic
Colony Jel: wj-$- t}F

zoophilic - €& (granular)

N

? 0 go g lateraland

peg-shaped
o0
=

narrow
cylindrical

anthropophilic - %3 (downy), ++23 (powdery), E-z°F3 (persicolor)

-9-
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Powdery form: Radial or concentric fold
Bl H: brown > colorless, yellow, red
Ang A
Microconidia: very round, clustered
Coiled spiral hyphae
"¥edo|e} g

Macroconidia: 7}, thin walled

T. rubrum vs T. mentagrophytes
PDACT

And &1
T. mentagrophytes: coild hyphae, clusted microconidia

Hair perforation test: T. mentagrophytes: %

Urease test: T. mentagrophytes: %43
Bacterially contaminated T. rubrum

T. raubischeckii

. tonsurans

2374 moderately slow, 12
Colony 3 &l variable size
Sulfureum 3: &A% and shape
Mahogany-red 3: *]3-l| s
forms

o% B B, e

Hl| " Mahogany-red
dnd 24

Micordonidia: diagnostic
Variable: tear drop, ¥, "¢, balloon forms

endothrix

Conidiophore: perpendicular to hyphae

May spiral coils
Physiologic test: thiamine dependent
. verrucosum
7412 very slow 21~30%, 37504 o] 2 At}

Colony €|
-10 -
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Small, heaped, button-like> flat
Texture: glabrous > downy
White —> gray or yellow
HiA: various, £ glt}
A A A7
AFe] $urz =} (chlamidoconidia in chain)
Macroconidia: ] 772] 2%
Physiologic test: Thiamin, inositol 2 Q.

Cn thiamine- and inositol-
enriched agar

M. canis

A7 5= moderate, 6~102 ©
Colony & €l
¥: whitish, fluffy, SAMS 5
7V A Ao 2 s A vt
v deep yellow —> yellow brown
An)7 &7
Macroconidia: &-3tt}h. 5% 4
Long, spindle shaped, rough, thick walled
£3bo] (knob) &2 &, 670 o] ME
Microconidia: a few

terminal beak
thick walls

¥ spores in
masses on hair

[I more than
six cells

M. gypsesum

47445 moderateley rapid, 64 o]

Colony &l )
FH: flat, spreading, powdery to granular m;s:‘:::%?:"
Buff —> tan to cinnamon brown (-5-3}4%) /
H| T variable //
g 424
Macroconidia; |-~ &4, E4 A e enar "e”med e

Symmetric, rough, thin walled, 671 ©]Wj2] A3
43 rounded <-> pointed M. canis
Microconidia: usually

E. floccosum

A4 moderately slow, 15 oW

-11 -
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Colony & El
¥.: brownish yellow to olive gray or khaki
Lumpy and sparse —> folded, radial groove. velvety

o~z &

T 5 fluffy

vl ™ orange to brownish, 714 yellow border chiamydospores
Pleomorphismo] 2+ 2371t} sstalusages () '

dnd &4

Macroconidia:
v 7] e
Smooth, thin walled, club shaped, round ends
2-6 A3, single or clusters
Microconidia: no

O
i

R

1. Colony A7t

LA T. rubrum

; R O O, 1
3k & Al M. canis 0 i
7+ 71 A E. floccosum :‘GDDOODD&. at 27
A M. gypseum ; -

2. 849 &k

w2 o}

M. gypseum, M. canis C}OD

T. mentagrophytes
=t

E. floccosum, T. tonsurans

ul§- =
T. verrucosum, T. violaceum, M. ferrugineum, T. schoenleinii
T. concentricum, T. yaundei, T. soudanense

1 A&,

A7NE, 2
2. AN d AP v, S B S5 AL ke XIatskE] Al 13 workshop 253, 1998:
9-29
3. A& dAbdel e 22 3 dAwd 2, tieke)
2001; 6: 179-185

)

38t3] A 32} workshop. 2714



B
obl
>

Workshop

4, AAE Aol 4. ek 2 #3t3] A 621 workshop. 2] 2] 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

O Ax 270 D

4 wHiEH T F(ERD
]

AELY 1954 19 49

19794 24

1988 24
1979 2¢
1983 2¢
1990 9 ~ 1991 3¢
1997 8<¥ ~ 1998y 7¢
19831 4¢Y ~ & A
@& LA ROl @
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N

&7 Candida speciesell = teF 2000]F0] 9o, AlgolA UtES Doy = F8 FF50

C. albicans, C. parapsilosis, C. tropicalis, C. glabrata, C. gunllermondu, C. krussi, C. lustaniae 52| 77147}
Qlal, < C. dubliniensis®e A2 WdHFo 2 Azt . o= 7}XL Z93ta &3 YA
C. albicans®] A2+ C. glabrata, C. parapsilosis, C. tropicalis ,5,] = 9HdE=E %%ﬁ&i HEE
SJT} (Table 1). TSk C. glabrata9‘r C. krusei+= fluconazoleol] AFANAS Hol= A

Candidat™ ¥ &= A AHE 521 FXItAle sl HAAE % (MIC)7F th=

= AA 9] Candida ‘_WL*ZLO o5 7hsg A FrES Hola
3}7] 913} Clinical and Laboratory Standards Institute (CLSI)S] 5= ZHAPA-S LAk ARl ©=418}7]9

= oE&o] Aub= o=, olAHA] A AR A A HAARE BT A et 8RR A
2 ARS A Ao Aok ARE Fnsp] 9ske] wo} Al A% Candidadl #E F
gol 8¥aL Sirh

Candida species 2212t sSHZE 2ot HiXl

WA= UAF w7 9l Al (25150 mm)olu 100 mm 27 9] v Alel] Z=Algkc), 3wl #]
T H2 FEE o8 ¢ o] 8tk ey FahiAl = w7] Foll mEH7] el A%E
A9 5 QA A FATE A0k Ak 959 o
S BE3E] 98k wix|e] £4L VA7 AES 5 9
oS A= EHo] FAut sl Axel &

23] 2 4
AR WA A

1. Sabouraud Dextrose Agar (SDA): U=} Hejol] ALgE]= Aukiz] o] =],
2. Brain Heart Infusion (BHI) agar: &7, 53] C. neoformans &S 913+ 23], L3 o] AHA

oA AP -g R3] 3o Alg= -’F AL

3. Comnmeal agar: C. albicansell A 2222} &4 (chlamydoconidium). Trichophyton rubrumel] A 444~
AL

4. Candida ID (bioMerieux), CHROMagar: Candida spp.2] X1 ®13} 718 wjx], 5729 A ukxjo g
AR #FTS 4.

5. Blood agar plate (BAP): C. albicans®] spiking #+% 715

)

-15-
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Table 1. Distribution of Candida species isolated from different clinical specimens

No. of isolates

Specimen C.albicans C.tropicalis C.guilliermondii C.glabrata C.parapsilosis C.krusei Other Total (%)
Sputum 749 146 9 80 16 13 27 1040 (44.0)
Bronchial washing 204 42 194 31 8 1 9  489(20.7)
Urine 103 171 9 49 21 1 4 358(15.1)
Blood 60 21 12 28 56 1 2 179( 7.6)
Pus 26 8 4 5 15 0 4 63( 27)
Stool 35 9 0 4 10 0 1 59 ( 25)
Catheter tip 15 1 3 1 19 0 0 39( 16)
Oral cavity 19 2 0 2 0 0 2 25(11)
Ear discharge 4 0 1 0 16 0 1 22( 09
Ascitic fluid 8 4 0 0 4 0 2 18( 0.8)
Cervical discharge 12 1 0 3 0 0 0 16 ( 0.7)
Transbronchial 8 1 4 0 2 0 0 15( 0.6)

lung biopsy
Vaginal discharge 7 0 0 1 0 0 0 8( 0.3)
CSF 4 3 0 0 0 0 0 7(03
Throat swab 5 1 0 0 0 0 0 6( 0.3
Gastric jujce 2 0 0 0 0 0 1 3(01)
Other 11 3 0 0 2 0 1 17( 0.7)
Total 1272 413 236 204 169 16 54 2364 (100)

(A 5. WL =3t3]A] 2004, 7: 164)

6. Chocolate agar plate

2710 M, THFH 2 44

Hge AA e, Aag
S5 7A] ol oltolAlo} @tk Aol 9ol el elrka elAlm W A% Al WA £
#Agle] Z1tugo] ol FolAlok su, WAL Av|H HALS vjF WEE AWl FRaA B
& Aol AA ARG wjge] ALgstolof Bk
AAE FirAow AHste] AX W AFE §71 dol 2417k ool WA wulch Aelvt
AQE A5 Ao Tl AAEE (o, W), T, W5, L 4R A 37CETC W)
P17 ek BTl ek, Aol 09 FFeAel i AAEE (o, % A, A% F
o, o] Felol, @ Avt wjed) 4T W nyah

el AE 71318 £ol7] Skl 7hed B9 Al Al Fo el 2FH 3.

-16 -
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Dl

b HHEONAIC AL

(e]]
=

Azt Wigke Az 4757k S, e A 79 B vl Al 1 olFelE Ha 9%
o 5wl Akslok @k vieke] AlAEl A AT ek Y WiAE WSl At Pe] Agki=A]
gelsha, eto] wol Je P

Slajel elzlEl A7) Fel Avk mHeA AL AAE 72 Fo W ¢
otk mEite] Pehe FIAL Bust gAY So wE AL, ARe] wellE sk, 1%
[e)

Candida®™ #Z'H= azoleZl] °FA|9} amphotericin B2} 7o) A A} 521 X Ae] thall MIC
7 g2 Aoz d#Hx 9o, E3| C. albicans:= fluconazoleS Zdtal tjF-Fo] R FAd 1A

A Suspicious colony

|

Wet prep

Bacteria | Yeast
,I . . o . | r . No
Refer 10 appropriate sections of this handbook. Brain abscess or CSF specimen See panel B.

. Colony color
White, cream, or tan | Y

. . Salmon or red
Capsule stain

Yes N
] s l“ Rhodotorula spp.
Cryptococcus spp. Germ tube test l
Confirm with
. | e
Yes No Caiieic acid full identification
(procedure 8.8).
Confirm as C. neoformans Yes Ne

Presumptive

]
Urease test
C. albicans

with caffeic acid disk

and urease tesl.
. . Yes No
. neoformans I C. albicans screen
Confirm with C. albicans screen. | Morphology Yes No
Confirm with
urease test. Hyphae, arthroconidia, ¢, albicans Candida spp.
Yes No Yeast blastoconidia
. albicans Full identification C. neoformans Trichosporon Confirm with Full identification
spp. (rare} full icentification.

Fig. 1. Flowchart for evaluating a possible yeast species on primary culture (Eamination and evaluation of

primary cultures. In: Isenberg HD ed. Clinical Microbiology Procedures Handbook. 2nd ed. Washington DC,
USA, ASM press, 2004: 8.5.5.).

-17 -
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1. C albicans® &8 =

1) ol HAL (Germ tube test)

2) Spiking on BAP

3) CHROMagar

4) Cornmeal tween 80 agar

FHsHA] SAERITARY THEARe] f, EoRE A, SRR S EEEAAA
5) EAgdS ol &3 HAMY

Albistrip (Lab M. Ltd., Bury, UK)

Murex C. albicans CA50 (Murex Diagnostics, Norcross, GA. USA)

6) G2 FAE AR HAPY

Bichro-latex albicans (Fumouze Diagnostics, Asnires, France)

2. 2H

o

=R
ood™

o
i

1) ol HAt

2) Spiking on BAP

3) CHROMagar

4) Cornmeal tween 80 agar

5) Rapid urease

6) Rapid nitrate reductase

7) Cafferic acid disk

8) Rapid trehalose assimilation
9) India ink

Candida®l #& s8

aRire] % FAE BREE Fauge] A5 ol §¥)t=u], AFEsE AF API 20C (bioMerieux
France) 5 B3l 53} W8-S o83 PALRA AEAQ B 53} 71yl vla) Belaia A%
o WA Agep) AU E4E 5 v,

1. Carbon assimilation tests

1) API 20C test (bioMerieux, France)
2) Vitek Yeast Biochemical Card (bioMerieux, France)
3) YT microPlate (Biolog, CA)

-18 -
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2. Carbohydrate fermentation tests

Table 2. Fermentation reactions for some Candida spp.

Workshop

Fermentation reaction

Species
Glucose Maltose Cellobiose Sucrose
C. albicans + + - -
C. dubliniensis + + - -
C. guilliermondii + - - +(w)
C. krusal + - 0 -
C. lusitaniae + - + \%
C. parapsiloss + - - -
C. tropicalis + + - +(v)

-, negative; +, positive; 0, not tested routinely; v, rare negative; V, strain variation; w, weak

Al ==ty 71-ol| 7| =g I

w
HI

. Multilocus enzyme electrophoresis

. Restriction fragment length polymorphism (RFLP)

. Southern blot hybridization

T aAAHES (polymerase chain reaction, PCR)
. Pulsed field gel electrophoresis (PFGE)

. DNA 975484

o U A W N P

-19 -
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Malassedia =A
AZ s olhest 3 y-hekaa

o o ¢

Introduction & Background

Malassezia yeasts

Lipophilic fungi which are regarded as normal flora of the skin

Recovered in 75-98% of healthy adults

Malassezia yeasts are also implicated in various skin diseases
=p- pityriasis versicolor, Malassezia folliculitis, seborrheic

dermatitis, atopic dermatitis and systemic fungal infection

Other disorder :
Psoriasis, Confluent and reticulated papillomatosis, Transient

acantholytic dermatosis, Onychomycosis.

-21-
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Malassezia '3

Introduction & Background

Malassezia yeasts

In 1996, Guého et al revised the genus Malassezia using

morphology, ultrastructure, physiology and molecular biology
(mole% GC and the direct rRNA sequencing).

As a result, the genus has been enlarged to include seven species

comprising M. furfur, M. pachydermatis, M. sympodialis,

M. globosa, M. obtisa, M. restricta and M. slooffiae

Introduction & Background

Malassezia yeasts

® Many previous research

=» Morphological analysis of the size, surface, color, and shape
of cultured colony and biochemical analysis

= Time-consuming, multi-step process
No taxonomic component into consideration

No genetic link between species

So the morphological and biochemical methods have many limits

in identifying and classifying new species.

-22 -
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Taxonomy of Malassezia Species

Lipid dependent species: M. furfur, M. sympodialis,
M. globosa, M. obtusa,
M. restricta, M. slooffiae

Lipid independent species: M. pachydermatis

Recently in Japan : M. dermatis, M. japonica, M. yamatoensis
(Sugita et al., 2002, 2003, 2004)
M. nana
(Hirai et al., 2004)

Detection and identification of Malassezia species

L. Phenotypic method
Colony and cell morphology, Tween non-ionic detergent,
Cremophore EL{castor oil), Catalase, Temperature, B-glucosidase

11. Molecular method
1. PFGE (Pulsed field gel electrophoresis)
2. RAPD (Random amplification of polymorphic DNA)
3. AFLP (Amplified fragment length polymorphism)
4. DGGE (Denaturing gradient gel electrophoresis)
5. SSCP (Single strand conformational polymorphism)
6. DNA sequencing
7. tFLP (terminal fragment length polymorphism)
8. Pyrosequencing technology
9. RFLP (Restriction fragment length polymorphism)

The recent researches use various molecular biology methods

-23-
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Malassezia &'
Overview of cellular components for polyphasic
taxonomy

DNA Genotypic information TRNA \
TOTAL DNA: * RNA profiles
* DNA-DNA hybridization /
: EF-*—E-Pcontent i \ Moleculs.lr
DNA SEGMENTS: My shensaIans
* DNA sequencing \
mRIVA
¥ V
PROTEIN \
Phenotypic information
Expressed features
- Morphology > Classical Phenotypic
» Physiology systematics
* Serology
+ Enzymology
o/

JERS/,,

Peen Ty

F %
& £
~ g o
S Ry,
P ¥y S
% - o

Molecular analysis

£ KONKUK UNIVERSITY HOSPITAL

=24 -
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1. Pulsed field gel electrophoresis (PFGE)
Isolation and embedding of cells in agarose
:: Mix with Lysis of cells in agarose plugs.
— Agarose

—_— s s
Als h al ],
clitis: Block Mold \‘M‘;n:;mhi):;s

DNA pluos

Comparisons

Restriction
enzyme

made with
local and
National

databage Electrophoresis
(PFGE)

Restriction digestion of DNA in agarose plugs

Merits and demerits of ‘PFGE’

Merits Demerits

- Higher resolution power - Time-consuming (60-72h)

for strain identification
- Requires a high-level of
- Reproducible skill and specific

equipment

-25-
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2. Random amplification of polymorphic DNA (RAPD)

Large fragment of DNA

4 L lPCR 6

e 12 3 4 8§

e e

— produt®
+— prodit A

Lane 1: molecular weight markers
lame BRAPDRn 61

Lame J: RAFD R #2

Merits and demerits of ‘RAPD’

Merits Demerits

- High information i ,TOO complicitid 1o
interpret because of many

density band pattern

: variable band patterns

between most known - Not sufficiently reliable
species for identification and
discrimination on
) clinically isolated veast
- Quick

-26 -
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3. Amplified fragment length polymorphism (AFLP)

Gel scoring and scanning

Quronc DH

St o cterdet r
Electrophoresis
At bgon

Bart Theelen et al. Identification and typing of Malassezia yeasts using AFLP, RAPD and DGGE.
FEMS Yeast Research 2001: I; 79-86

Merits and demerits of ‘AFLP’

Merits Demerits
- Highly sensitive - Too complicated to
(The AFLP procedure interprets
typically detects more
polymorphisms )

- Need prerequisite
: database covering the
- Useful for the genetic variation

identification of unknown : efficient software tool

isolates

-27 -
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4. Denaturing gradient gel electrophoresis (DGGE)

DNA
extraction

Amplified
£ PCR product
34 S E E S E e
$ReRRitiEg - ?
Rijaaddtdl i i
ELRcRzazEt i | :
éﬂ'g::‘m:‘::d H A 3 (DGGE)
g 0dCG0C0808380 — i

Theelen B et al Identification and typing of Malassegia yeasts nsing amplified fragment length
polymorphism (AFLP), random amplified polymorpliic DNA (RAPD) and denaturing grodient gel
electrophoresis (DGGE). FEMS Yeast Res 2001; 1: 79-86

Merits and demerits of ‘DGGE’

Merits Demerits
- High sensitivity - Confirmed by DNA
: Used to analyze sequencing
PCR-amplified, G-C
clamped segments of - Technically demanding
DNA <3500 bp
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5. Single-stranded conformation polymorphism (SSCP)

Double Stranded DNA

Strand 1 Sample A

GCTACTTHCATGACTA
GATGAAIISTAGTGAT... Sirand 2
Strand 1
Strand 2 Samele B
Make
Single
Stranded

‘Origin’
|
¥

| [
DN& moves up gel -»

Sample A

Sample B

Merits and demerits of ‘SSCP’

Merit Demerits
- Can detect DNA - Single-stranded DNA
polymorphisms mobilitis are dependent

on temperature, pH

- Higher resolution power h; teehmeally

o . . demanding
for strain identification
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6. DNA sequencing

DNA PCR (268 rDNA,
extraction ITS, IGS)
i s L —— ——

DNA Amplified

PCR product
Sequencin, i
Blast ] . 1 g
Classification | i I ;1. | “} IIf f:-,' it W t :“I ,}: | pGEMT easy Vector +
I S 268 rDNAITS. 1GS
Sequence analysis (phylogenetic analysis)
NCBI BLAST search
{
Selection of reference strains
d
Sequence alignment
{
Construction of phylogenetic tree and similarity table
d
Classification & Identification

-30 -



o

e

Workshop

Merits and demerits of ‘DNA sequencing’

Merits Demerits

- Fast - At present no database

- Reproducible, reliable - Need special equipment

sequencing technique

- Sequencing of 18-40 base
was not enough for
differentiation of specific

species.

7. terminal fragment length polymorphism (tFLP)

18s Forward 285 Reverse
Iﬁ —— ] = il
| S

18s Ribosomal gene 5.8s gene 28s Ribosomal gene

Y 1% round Amplification

Mid R 28s
g o 1F se Re}g‘se
Fo:::r . Middle F ITS 2R
Y 27 round Amplification
M. restricta O>——= B . S D
M.globosa DF———————<€ >———————<@
B e g D)
M. furfur

Gemmer CM et al. Fast, noninvasive method for melecular detection and differentiation of Malassegia

yeasi species on human skin and application of the method to dandraff microbiology. J Clin Microbiol
2002; 40: 3350-3357
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Merits and demerits of ‘tFLP’

Merits
- High sensitivity

- Rapid differentiation of
Malassezia species in

complex clinical sample

- Time saving (Eliminating
the need for cultivation

and restriction digestion)

Demerits
- Expensiveness
(Fluorescently-labeled

primers)

- Requires a specific
equipment

8. Pyrosequencing technology

Pyrosequencing

- A relatively new technology, provides rapid, short-read

sequencing of 30-40 bases.

The sequence data obtained by the Pyrosequencing technology

suggested that 18 to 32 bases were sufficient for identification

of Candida, Aspergillus spp and H. pylori.

The obtained sequence data was

GeneBank for identification.

analyzed by BLAST/
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o
e

Workshop

8. Pyrosequencing technology

Pyrosequencing has the potential advantages

- Rapid analysis, accuracy, flexibility, parallel processing, and

easily automated.

- No need for labeled primers, labeled nucleotides, and gel-

electrophoresis

- Manual setup of 96 reaction samples take 15 min, and each

pyrosequencing was completed in 90 min.

Pyrosequencing technology appears to be a good diagnostic

tool for detection and identification of fungal pathogens.

8. Pyrosequencing technology

Polymerase

(DNA),, + INTP———— (DNA), +PPi —

nucleotide sequence

o c - A 66 cC T
G c 1 A [d < T

nucleotide added

ANTP—DBYTRSE o jn0ip + INMP + phosphate

AT —DB¥I3SE b 4 AMP + phosphate

l

luciferin onyluciferin

Sulfurylase

APS+PPi ATP

Luciferase '

ATP  Light ume

nucleotide incorporation generates light
seen 35 3 peak in the pyrogram

A schematic draw of the principle of pyrosequencing
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8. Pyrosequencing technology
A 4G T 2G C 3T 4G 2T G C A G2T : G
4 4
J ° 2 min
2

A G TC AGTU CAGTT CAGTU CAGTT CAGTTCAG

e

-

Pyrogram of the raw data obtained from liquid-phase pyrosequencing.

8. Pyrosequencing technology

Candida albicans

Candida glabrata

Candida krusei

Candida parapsilosis

Aspergillus

TCG € A TA T G C TAC A G APCG ACEG C TCEF CT oI

lnllillll\

l‘ L Lll Lok e s

TCG C0 ¢ A*G O AcC

L b s L

APGTAC T OG'TAG C A G ATG A G

i “l Lot LLL_L

T €CG C©G A G € TA G C

T™ CCG C A G CTA G G A

lll 1 Ll | | ll

A G ATG AT G ACG CG € A AGT

G AGA G C TCE C© T GT C

klll.l O o T N ) lnl

™ C* AC A G C A GT G

w

AGE A T G AGPEC A G AG

B. Gharizadeh e

Mycoses 20034

Identiffcation of medically important flingi by fhe Pyrosequencing technology.

33
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8. Pyrosequencing technology

HpJBS-V3.SE 5'-CCTTACCTAGGCTTGACATTG-3'

37 -TCCACGACGTACCGACAGOA-51

TGTCTGOCTTGCCAGACCTTEAAARCAGETGCTGCACIGCTATONT

.\ CACCTTEAAARCAGETECTECACEGOTAETORT

H.nemestrinae

HpV3T.SE 5' - GAATCCGCTAGARATAGTGGAGT -3
B-V3.AS

H.pylori 26695 CCTTACCTAGGCTTGACAT AGAATCCOCTAGARATACTG
H.pylori 399  CCTTACCTAGGCTTGAC TCCGCTAGRARRTAGTCSACT
H.bilis CCTTACCTAGGCTTGACATTG)

H.hepaticus COTTACCTAGGCTTGACATTC!

H.mustelae

[QGAATCOGCTAG*TAGTGGAGTG Gccmccmﬁt

gled TAGTGGRGTC] TTEAAARCACETECTGCACGECTETOST

CCTTACCTAGGCTTGACATIGA] wm%mmmqpmmm GACCTTGAAARCAGETGCTGCACGGCTGTOST

CCTTACCTAGGCTTGACATTGAGAGAATCCACTAGAAATAGTGAAGTGTCTGACTT] C'I“AARACAKR]TECT‘GCA(X]G['TGTOGT
d] )

TTGAAARCAGGTGCTGCACIGCTGTCAT

H.rappini
H.cholecystus
H.fennelliae

CCTTACCTAGCCT! TfjecTa

COTTACCTAGGCTTEACATTGARRGARTORGCT)

CCTTACCTAGGCTTEACATTGARAGARTORGCTAGARATA GGl

JCTTERANACACETECTECACEECTATOCT
TGACTTGCCAGARCTTGAAAACAGGTGCTGCACIGCTATCOT

TacRGERAT

TGACTTGCCAGANCTTEAARACAGATGCTGCACEGCTATOST

H.cinaedi
H.felis

CCTTACCTAGGCTTGACAT o

TGGECTTGCCAGACTTEAAAACAGETGCTGCACGGETETOGT

TACRGGRGTOTCTlECTT GA CAGGTGCTGCACGGCTGTCAT
TiecTT accre CAGETGCTECACGECTETORT

H.heilmannii
H.pullorum
€. jejuni
C.coli

COTTACCTAGGCTTGACATTG: TC

corraceracacTreacaTTCANCAR T s a

CCTTACCTAGGCTTGACATTG! ToffecTacAfTA AGTGCTGECTTGCCAGANC T TGAMAACAGE TGCTGCACGGCTGTCET
CCTTACC! CT" AGARAT, Jercffecrt T AGATGCTGCACAGCTATOAT
CCTTACCTRGECTTG! AGARRT ToficTlecTT T CAGETGCTGCACGECTETOST

FEE R AEE

i

bt

GTTTTCAAGGTCTGGCAAGCCAGACACTCCACTATTTCTAGCGGATTCTCTCAATGT

It\k

_![ l o HJJJ, At

Nl

¥ L] ) B ] ] [

CTOACTGACTGACTGACTGACTEACTEACTGAETGACTS

GACTGACTOACTGACTOACTOR
% [ [} ] A B u [ [l 5

Isabelle Nifsson et al. Multiple Displacement Amplification of Isolated DNA from Human Galistones:

Moiecular Hentification of Helicobacter DINA By Means of 165 rDNA-Based Pyrosequencing Analysis.
Heticobacter 2005; 10{6) ; 592

Merits and demerits of ‘Pyrosequencing technology’

Merits
- Fast

- Reproducible, reliable

sequencing technique

Demerits

- Too expensive

- The limitation in using
pyrosequencing, unless
complete genome has founded.

- Variable site is necessary.

- Sequencing of 18-40 base can
not be enough for
differentiation of specific
species.
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8. Pyrosequencing technology

®  Objective

We sought to implement novel molecular biology technique,
namely pyrosequencing method in identifying and classifying

Malassezgia yeasts, and assess its clinical applicability
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Material and Method

£ KONKUK UNIVERSITY HOSPITAL

8. Pyrosequencing technology

DNA
extraction

Malassezia

Amplified PCR
product-Biotin

Pyrosequencing preperation

- PCR amplicons were immobilized on bead
I |

" l i!\ ‘ ‘ 1 ‘ |

. single strand separation of PCR amplicons
. pyrosequencing using the general
e sequencing primer

TiEEBEE
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8. Pyrosequencing technology

Alignment of ribosomal RNA gene sequences

8. Pyrosequencing technology

Pyrosequencing Assay-PCR primer sequences design

451 500
1 (125) B6GT6EECG-AEEGEECGGABT AT- -G6CoERC- BB THE -G ATGECEG 1. M. dermatis M9931
10 (345) EGGTGEECG- MENEEDC 6L ABTLG -~ GGCCEAC -BEGC TG - GATCEGTG 2. M. fufur CBS 1878
5 (124) Bo6TsEEC c-cHAGEECGGABEGE- -66CEET TABEEGT A§-GATGEGEG 3. M. globosa CBS 7966
11 (361) GGGITGEGHLL---GEL-GTCETL--GGCGECG-6 LG TTG-GATGEGCE 4. M. jeponice CBS 2432
2z (392) BoGIEGECETT---BEi-EEEEEIT-66CoERC-BARCTIE-GATGHCEG 5. M nane JCM 12085
6 (400) GoGTTGEGETTATTEEG-CTEETITTGGCGEAC-BAGGTTG-GATGEGTG 6. M. obtuse CBS 7876
4 (393) BCCTTEECETT---BEC-EIEETI- -GCCOERT- - ARCTTE-GATGRCEG 7. M. pachydermatis CBS 1879
3 (435) BeGTETTTETCERARLL- TEGETL- -66CEAl--BEECTIEAGATGEECG 8. M. restricta CBS 7877
3 (393) EGGTITTTA-CATELLL-EGEETT--GGCoElT-GEFGTCTGEATGEGTG 9 M ngqﬁiﬂg CBS 7956
9 [379) TGGIGTTTGTATEGEACGERLEGC--66C6ECG-BABGTHE-GATGAGCG 10. M. sympodialis CBS 7222
7 [365) EGGITGEC G- LLEGETL-ETET GO G50 GEh-- GEFGTTE-GATGEGTG 11. M. yamatoensis M9986

TIGAGTGCCG  TGAATTCTCT CT
FEEEEEEEEr L errern ul
TCTCT CTCCCCAAGE

FEETE TR rrnet
TTGAGTGCOG TGAATTCTCT CTCCCCAAGC GGTTGCGATT GCACTGOTTT GGCGGACGAG CTTGGATGGE

TGCTTCTGUC TGTTTCGCAA GAAACAGGCT CGCCCGAAAT GCATTAGCGC CTTTGGGA

FEEELEEEEE Prrrrnrl
CGTAATCGOG  GAAACCCT—
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£ KONKUK UNIVERSITY HOSPITAL
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Sample [D: 6 sample ID: 2

wel:

Entry 10

\TTAT
Resulti 6 M obiusa (CBS T876) Score: 100 e L A (CBS 670 AR
Quality: X Warnings: L betwaen query and best hit

e o el b A o i e e o b i

Sample ID: B Sample ID: 10

9, 5t
cm
Result: 6 M obfwsa (CBS 7876) Score: §9.7 Result: 2 A fusfiur (CBS 1878) Score: 82.4
Quality: Quality:  Uncertar
Warnings: query and best hit.

Warnings:

TR 0 ey g

29131 (94%)
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Sample ID: 4 Sample ID: 11

Resultt 2 M furfur (CBS 1878) Score: 81.8
Qualty:  Uncentar
Warnings:

8. Pyrosequencing technology

Pyrosequencing result of Malassegia

- Only M. obtusa sequencing corresponded 100% among 11

Malassezia standard strains.

- In case of M. furfur, it corresponded 93% because of sequence

missing.

- In 4 cases, M alassezia strains haven't matched with expected

strain but, matched with other strain.

- Rest of 5 Malassezia strains, pyrosequencing failed.

-41 -
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8. Pyrosequencing technology

* The limits of pyrosequencing of Malassezia strains in this study

- Since there is not enough sequencing information, it is difficult to

apply pyrosequencing.

- There is possibility to not correspond between sequence in NCBI

and standard strain that we have now.

® A brand new attempt in Malassezia detection.

" More studies are necessary to apply pyrosequencing method in

Malassezia detection.

9. PCR-restriction fragment length polymorphism (RFLP)

Restriction enzymes cut DNA at precise points producing

= If two organisms differ in the distance between sites of
cleavage of a particular restriction endonuclease, the length
of the fragments produced will differ when the DNA is

digested with a restriction enzyme.

=42 -
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9. PCR-restriction fragment length polymorphism (RFLP)

PCR can be used to amplify very small amounts of DNA,
usually in 2-3 hours, to the levels required for RFLP
analysis. Therefore, more samples can be analyzed in a

shorter time.

Measuring the differences in length (polymorphisms) of the

cleaved DNA strands allows you to track genetic variation.

9. PCR-restriction fragment length polymorphism (RFLP)

Restrlctlon site i &‘9\ .@%ﬁ)
& &
Species 1 \ — =

Dlgestlon Electrophoresis

| —
with
Restriction f—
enzyme
Species 2

PCR product PCR-RFLP
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PCR-RFLP pattern of Malassezia species

Hhal

1: M. furfirr (CBS 1878)

2: M. sympodialis (CBS 7222)

3: M. globosa (CBS 7966)

4: M. restricta (CBS 7877)

5: M. slooffiae (CBS 7956)

6: M. pachydermatis (CBS 1879)

BstFS1

M 12 34567 8 91011M M123 45678 91011M

7: M. japonica (CBS 9432)

8: M. nana (JCM 12085)

9: M. dermatis (JCM 11348)
10: M. obtusa (CBS 7876)
11: M. pamatoensis (CBS 9725)

Merits and demerits of ‘RFLP’

- Simple

- Fast

Merits

- High accuracy

- Cost effective

Demerits

- Do not provide data on
clinically relevant

intraspecific variation

- Several experiments may
be necessary in order to

identify unknown isolates.
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Closing remark

* The 265 rDNA PCR-RFLP is useful for Malassezia
molecular epidemiology studies also provides initial

evidence for novel clinical associations

We are convinced that further studies coupled with utilization
of more sophisticated molecular approach will surely facilitate

the exploration for this field.

Thank you
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