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=Abstract=
The Proteomic Analysis of Extracellular Proteins from
Culture Filtrates of Dermatophytes

Ju Hee Lee and Kwang Hoon Lee

Department of Dermatology, Cutaneous Biology Research Institute,
Yonsei University College of Medicine, Seoul, Korea

Background: Proteases from dermatophytes have an important role in pathogenicity of these
fungi as they facilitate penetration and colonization in the keratin structures of the stratum
corneum, nails, and hair. Since the 1960s, efforts have been made to isolate and purify these
enzymes, shedding light on hydrolytic properties and other characteristics of these extracellular
proteins. It is now well known that under certain conditions, various proteases are produced which
possess the capacity to digest casein, collagen, elastin, bovine serum albumin, hair, and keratin,
while specific nature of these enzymes still remains to be elucidated.

Objective: We aimed to draw a proteome map of extracellular proteins from common
dermatophytes using 2-dimensional electrophoresis, thus verifying the nature and interspecies
differences in composition of extracellular proteins.

Methods: Following strains of dermatophytes were isolated from patients who visited the
dermatologic outpatient clinic of Severance hospital and subcultured for 2 weeks on Sabouraud's
dextrose agar: 2 strains of Trichophyton rubrum,?2 T. mentagrophytes, and 2 Microsporum canis.
For growth media, glucose-peptone broth was added to each strain and 10 ml of media was taken,
filtered using a 0.4um syringe filter and the protein content obtained was concentrated by an
ultrafiltration device before electrophoresis on the culture day 0 and 10. Stained with silver nitrate,
the gel was scanned and analysed.

Results: 7 spots have increased in intensity including a 16 kDa-spot with isoelectric point at 9.3
from the supernatants of M. canis culture media, 4 spots have increased including a 32 kDa-spot
with isoelectric point at 6.7, from the supernatants of 7. mentagrophytes, and 5 spots including a
10 kDa-spot with isoelectric point at 6.3 showed significant increase from the supernatants of 7.
rubrum. M. canis and T. mentagrophytes subspecies shared 2 spots that increased.
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Conclusion: We concluded dermatophyte fungi produce different proteins according to their

subspecies, and that proteomics appears to be a useful tool for comparative analysis of
dermatophyte extracellular proteins. [Kor J Med Mycol 2003; 8(4): 157-168]
Key Words: Proteomics, Extracellular proteins, Dermatophytes
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sein, collagen, elastin, bovine serum albumin, hair,
keratin®l] g TR g AES] E3 Tl O
A delA oy, 1 gAEe] Jest e
o] Fo X #| gk om, elE v o] Aol gt
BiE =BT

Z A7t Als AE 315 (human genome se-
quencing projects)©] 2+l upe} o] A= <17k £
AA ] 715S AshE 716A A Al
(functional genomic era)E Sro]skal Qlrt. ofe] w
g} gl o] 7]5-S uhs| = gl 7 Al 22
Q U (proteomics)’} HH-48FaL QT ZEEH L
= o)2H #7199 (two-dimensional electro-
phoresis (2-DE))= ©|-8-3}] TS F43}aL o] &
oje] 7 4 ETEE o] &3] vlS 71 st
= 4 A S AA =), A7gse A

2 K
[ J

o

A3} Ao
7 3 2 & A %=+ matrix-assisted laser desorption-
ionization mass spectrometry (MALDI-MS) X+

electrospray ionization mass spectrometry (ESI-MS)

55 o] g3te] B4 5 ) o)A A%
2 g EIES A (isoelectric point) T} A}
Zoll o8] Eeste] TS FA I AH o= FA

sk 7R Hdde asidE ok

polyacrylamide gel %1719 (high resolution 2D-

PAGE)©] Thile] 748 $-45h=
o2 Mg 3 glom, 11719
S =

& F o)X BAE b ol 171952 At
NN AEH T B PRk A WHE
8

QES ERENER
AR S T2 ous /HE ol §ate] 2} 3]
ApiEe] W ol shelu) whuRa E 4 ol b

1=}
T
WAL BAGORK FF 1 X T Ao
=
=

O

A% 54 2 KOH 23 =24 A} Sabouraud
HiAJ el A F AL A AR o2 Feht
gt Microsporum  canis,

Trichophyton mentagrophytes, T. rubrum ZY7; 25~
e g et

2. AT LY

1) Do Y

M. canis, T. mentagrophytes, T. rubrum 2525

Z+2} 300 ml®] 2% Sabouraud A Wi 7} S0
1000 ml 18] Zeh=ol HEstal 4N 27152
AAFE 2 oA 253 v ekslint Al
ojd A4S f8k7] 918k glucose-peptone
broth (glucose 40g, bacteriological peptone oxoid 10g,
pH 5.4, in 1 L D/W)oll HEAIZ1 3 AAX] 27%=9] &
= W7o 5 A3 u e - JA-TIE §A 5
HEAA= IR S )

2) =041} (ultrafiltration) ¥ &%

0.4 um2] syringe filter(Advantec MFS, Inc., Tokyo,
Japan)E ©]-&-sto] M F T wij g 10272 Hj
FolS 247y fFEE o] of3ARl gl

Vivaspin 20 ml(Vivascience AG, Hannover, Germany)
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3) A2 8 & 43t (rehydration)

A7 o3l F 25 1S pH 8.09] 1M Tris,
0.3% sodium dodecyl sulfate (SDS) , 3% dithiothreitol
o] el &3l ekEo 50 ulok 41 F 95Tl A 5
E2F 7k 59t} AA A] 2= 7M urea, 2M thiour-
ea, 2mM tributyl phosphine, 4% 3- (3-cholamido-
propyl) dimethyl-ammonio-1-propane-sulfonate, 1.0%
carrier ampholyte, 40 mM Tris, 0.002% bromophenol
blue dye 5] 38 A 17195 A= -l 400
plE 343 3 20T, 12,000 rpmeoll A 2087+ 4]
Heste] ASHES A AE trayol] 2
A7dE A8 dFHor sMsto] A4 LT
A& 400 plS €32, 18 cm®] pH 3-10 non-linear im-
mobilized pH gradient (IPG) strip (Amersham Pha-
marcia Biotech, Piscataway, NJ, USA)= & 7] %-8-9]
A7NA A A AIBEAL 24 A3 A SFe] A51A]
Zch

1) ol A2l ®7|H S

AG3kAZ] IPG strip2 IPG-phor (Amersham
Phamarcia Biotech)E ©]-8-3}o] A 7o 2 11
gkl A3t A|7E 2 E]ste] 573} (isoelectric
focusing:IEF)A] At} IEF §-°l IPG strip> 3.6g9]
urea, 2% SDS, SM Tris 2 ml, 50% glycerol 4 ml, 25%
acrylamide 1 ml, 200 mM MTBP 250 pl7} 3% &
Az Nl A 2547t 52 3} (equilibration) Al ZA T}

Polyacrylamide gel A|<HS 913} 1.875M Tris
buffer”} 375 9% 5 40 mlk 40% stock
acrylamide 45 ml, S5 115 mlE &35}1aL, 16%
buffer 40 ml, 40% stock acrylamide 80 ml, 50% glyc-
erol 80 mlE =313} Th. o] FA| Al AHE 9-16% gra-
dient polyacrylamide gel (21 cmx21 ecmx1.5 mm)°ll
0.5% agarose, 0.001% bromophenol blue dye”} &
H agarose &% S Y3l IPG stripS embeddingA|
71 $-)| 24.8 mM Tris, 192 mM Glycine, 0.1% SDS
7} X34 cathode running bufferE YUt} SDS-
PAGE 3 mA/gel9] AF= 2 A7} prerunst -+, 15
mA/gel®] AT AFatll A H7gES A8t
Ak

5) Silver stains

°

S A g Wk o]k AES g o] 24

71955 A3 polyacrylamide gelS modi-
fied silver stain 39S o]-&-3Fo] Gl T) H A,
acetic acid 50 ml, methanol 200 ml, S-F<~ 250 ml=
1584 7 314 A7) F, methanol 150 ml, 5% so-
dium thiosulfate 20 ml, sodium acetate 34g, &7
330 ml= 3023t AT 10527 3% A =&
3 2.5% silver nitrate 50 ml®} S5~ 450 mlE 7}
g U, thA] 1A S R ARSI AE S gel
< sodium carbonate 12.5g, formaldehyde 200 pl, &
9= 500 ml= A7) 51, EDTA 7.3g, 5= 500
mlz S TR F, SFS 500 ml= 5
Al A= ST

6) Ol0|X| H| @ 24

% o] £k 5 vjof k] wok of ot} wjoy
1097 2] oistele] ola}el 4719 AL Az
A& A A A] ¢kl GS-800 Calibrated Imaging Densi-
tometer (BIO-RAD, Munich, Germany)& ©]-&3}]
27 g gk T g o] 3}5F3I T PDQuest (BIO-RAD,
CA, USA)E ARE-ae] Tl 388 o207 =4
ato] ZF o] TREE A =E AT

7) In gel protein digestion

ojm] =] A A} sull o] 4k S protein spotS
3 d=]+= CBB gel °l| 4] clean scalpel & 2o
30% methanol = A NS 3] A A 3+ 5 100
mM ammonium bicarbonate (ABC) / 50% acetonitrile
(ACN) Il £4713] 21718131t 100 L ACNC.2 2
3] o]/} ¢+ 8] @3t - Speedvac evaporator 1| 4]
A48 Z3F U2 0.1g trypsin (Promega) S -
§F25 L 25 mM ABC el 4] 37T 4] 16413t k-3
AZ T}, 50% ACN / 0.1% trifluroacetic acid (TFA) &
23] o] FE3t] 1L E3H FEFES Speedvac
evaporator oA 43| 713 A% 20T oA &
A 744 BTt

8) Peptide fingerprinting using malditof—

mass

UERAZZQ 27} S 231 1LY cya-
no-4-hydroxycinnamic acid (CHCA) <} 0.1% TFA =
FE3 JElo]|= AR ILE 491 A] target plate ol
A F A2olA ghds] Az A7)t Maldi-
Reflectron Tof (Micromass, Manchester, UK)E ©]-&
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9) Target identification using database search

Heto] = H=kS NCBIS] A4 &)<l Uni-
versity of California San Francisco (UCSF) ol 4] A&
%= MS-Fit (http://prospector.ucsf.edw/ucsthtml3.2/
msfithtm)E o]-&ato] HrHMS Alersl om
L2} 3| 50 ppm = AHESFA T

74 J_,—l'

=
1. M. canis H{F 6{2t=2| Z=H|Z X[ = H|1

M. canis 2] W g2 vl 10 LA <] < o
A8 3 PDQuestE

<7Vt AEA VRSt (Fig. 2, Table 1). <

TV A% F I o] 718 A% BAE 16

R

kDat 544 932 717 &17]4] vhalo] Qo).

2. T. mentagrophytes Bl G{1t=2| ZZH| S

XE H@

T mentagrophytes ujj ok o] 1}H=2-9) o]} 7|
FF A oRe] BEE M canis?} VA
% 413 9714 whlo] BEsE AEE nglo
™ M canisHtE AL 42 Tl A~3to] hzhy]
At} (Fig. 3). ¥ 3l H]3l] 10 Aol 4 7]
23Fro] EAEH 07§05t =AY A=
A YEFsETE (Fig. 4, Table 2)

3. T rubrum Bl Y A 2tZ2| Z2E|F X T H|W

T rubrum W ATEC] 15 Ao X E B
W M. canis Y& T. mentagrophytes | H| 3| A=}
spo] g 2o wol Uik A2 o 52
or] F2 M F40 5ARE 2
o] YERTH (Fig. 5). ¥ A3} vl gl

[‘\F
i
3
2 |y 3o
4

ok 10 QA ol 5 7l 2] 3o o|n] 9l A Z7}alAL}
A5 A YEFSETE (Fig. 6, Table 3).

4. M. canis, T. mentagrophytes, T. rubrum
M 2Fo Hf Y =9 Z2H| S A= H|w

Al 5o vl o =l Al o ek S vl gk
A3}, M. canis®} T. mentagrophytes o~ A5 33
kDaJ} #x% 7<4 679” 7L‘~ T;]—Hﬂ )\,ﬂ—z} lf};q_alz
kDaL} ﬂ 7<4 6.9= 7L‘4 D]—Hﬂ /\.ﬂro] J~§5]7ﬂ L}-
gt} 23y, T mentagrophytes o} T rubrum &
Ml o) Aol lu g F7he
g g 2 5 A ek e e glgin,

Table 1. The protein spots that is increased on 10th
day of M. canis culture compare to 0 day of culture.

Protein ~ Molecular Weight  Isoelectric Point
Spot (kDa) (pD)
1 5 73
2 8 6.9
3 10 53
4 13 6.7
5 15 7.0
6 16 9.3
7 33 6.7

Table 2. The protein spots that is increased on 10th
day of T mentagrophytes culture compare to 0 day
of culture.

Protein ~ Molecular Weight  Isoelectric Point
Spot (kDa) (D
1 8 6.9
2 23 5.5
3 32 6.7
4 50 5.8

Table 3. The protein spots that is increased on 10th
day of T rubrum culture compare to 0 day of
culture.

Protein ~ Molecular Weight  Isoelectric Point
Spot (kDa) (p)
1 5 53
2 5.5 7.1
3 6 5.2
4 9 34
5 10 6.3




078, ol%E: Zrelems AN o §E APALE veF oJFE xS £4

A
0 day
Standard Gel
150 4
MW Ve >
(kDa) s 4
o T 10th day
> A
o '- . : e
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3 pl 10 “o f-Tais
wL T -3

Fig. 1. The proteome map of culture filtrate of M. canis. The standard gel shows increased or newly appeared proteins
in 10th day of culture compare to 0 day.

\
1 ‘ 0 day
Standard Gel
]
150 4
2
Vo »
MW L - s
’ A
(kDa)
i . . 10th day
3 pl 10
v

d -
N} >

Fig. 2. Comparison of the increased spots in two-dimensional electrophoresis of culture filtrates of M. canis. The
arrows show 7 spots that are significantly increased or newly appeared in 10th day of culture.
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A
! 0 day
Standard Gel
150 4
MW Ve >
a A
(kDa)
10th day
Sy
3 pl 10 IR SR,
v

g
«

.

Fig. 3. The proteome map of culture filtrate of 7. mentagrophytes. The standard gel shows increased or newly
appeared proteins in 10th day of culture compare to 0 day.

0 day

10th day - ‘ l
N - ) - -

. o
-
- 0

Fig. 4. Comparison of the increased spots in two-dimensional electrophoresis of culture filtrates of T. mentagrophytes.
The arrows show 3 spots of total 4 spots that are significantly increased or newly appeared in 10th day of culture.
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<

ﬂ.

0 day 10th day

Fig. 5. The proteome map of culture filtrate of 7 rubrum. The standard gel shows increased or newly appeared
proteins in 10th day of culture compare to 0 day.

0 day - =

10th day \ . /

Fig. 6. Comparison of the increased spots in two-dimensional electrophoresis of culture filtrates of 7. rubrum. The
arrows show 5 spots that are significantly increased or newly appeared in 10th day of culture.
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100
A 90+
80

% Intensity

800.0 1340.2 1880.4
Mass(m/z)

% Intensity
(6}
<

799.0 1339.4 1879.8

1778.3

2420.6 2960.8 3501.0

4676.0

3501.0

2420.2
Mass(m/z)

2960.6

Fig. 7. Peptide fingerprinting obtained by mass spectrometry of protein spots that showed remarkable increase in 10th
day of culture. A: The peaks shown on the peptide fingerprint correspond to ribonuclease, B: The peaks shown on the
peptide fingerprint correspond to double-headed protease inhibitor.

5. MALDI-MSE 0|85t & 573

Al A 7H om
kDa?} 54 9.3& ZhH= oSzl
A71E ol&ste] el AEs o
7A). NCBI 734 &a12]55<] MS-Fit 2 MASCOTE
o]-&-gt Elol= ATl tigk FH A A} o]
ribonuclease = 574 H ATt L 2] ¥A=F 13 kDa

AR 675 zbe @S e lEfo| = AT

=44
Ao} 543+ A3} double-heaed protease inhibitor
[e)

o
L
olN
N
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= [

o} FAHd o] TEE ST (Fig. 7B).
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U= vu'® 5ol 71yge] ks 73
65 kDao] 7t Wl aas WskalaL
5210 9] T. mentagrophytes 7TZ5-H 28 ~
65 kDao] AR a7t EATE Bl
FZol= T mentagrophytes2] 41 kDa2] Z+2 i3]
Eae] o Ao Ae] pHolA 71 Brh
B QAN T rubrum & AAH .2 71 &
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219] Tjo] FFEo] Trtels Ao ® YEhte
] o] 24 Ztzte] qtrol ol g Tl S otod 4=
AATE 7L F M. canis®] W] o] ZHEol| 4] MALDI
& ©]-83}99 ribonuclease®} double-headed protease
inhibitorS 73] W2ATh Ribonucleaset= 1] %]
T EoR s glom AR 16377 Dadt
S 9322 single-, double-stranded RNAE &
7R shE T o] e Aow delA vt
®. Double-headed protease inhibitor’=. &JA] 1] %]
= A4S Bolr B4 13 kDa pl 7.0 e
o 279 Eéi Fito] glo] e EY
Al (trypsin)2 &2 Bl ARelas
A 8k= 7] o% 3}, o]
I A BAale op 74
ol A ojw gk A3 5
T F-AMdato] ribonuclease
25 FFshs 71-el g 3
. T o] TlE o] JRAMIAe] el ofH
7I'sS shk=Alel telXl M. canis, T menta-
grophytes, T. rubrum ©]2]¢] THE Eoll A 1]
= AlE 3} vlastar ettt ol gk
WS s ske] Ak 229 (cloning) oY 5ol &
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SEAY A E A LER T
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