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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 0.4pm 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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- E DAL} Sabouraud
S AR OR AEh
< IAZHE 28 543 Microsporum canis,
Trichophyton mentagrophytes, T. rubrum Z}Z; 257+
A& A1 gaiei,

i

2. A+ 4™

1) Bl HY
M. canis, T. mentagrophytes, T. rubrum 25 3
717} 300 ml©] 2% Sabouraud A Wi|7} S0 2
1000 ml F-8] Zeh~F o) HEshar AR 27152
A g2 v g7lel A 253t v deaih AE
o 3PS FE3H7] #1381 glucose-peptone
broth (glucose 40g, bacteriological peptone oxoid 10g,
pH 54, in 1 LD/W)dll EAIZ] 3 44 27%=9] &
= w7l 5 A3 gE 5 TR $A 5
A7 sl
2) =02} (ultrafiltration) ¥ &%
0.4 1m] syringe filter(Advantec MFS, Inc., Tokyo,
Japan)E ©|-&-5Fo] wlF T3} vk 10L A <] HY
Fos 77t #FEE Lro]l oAl gl

Vivaspin 20 ml(Vivascience AG, Hannover, Germany)
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3) A& &sll Y X3} (rehydration)

EEAZ ol 2.5 plE pH 8.02] IM Tris,
0.3% sodium dodecyl sulfate (SDS) , 3% dithiothreitol
o] e &3¢k 50 nle} 41> F 95T ellA] 5
E2F 7k sith AA A] 8= 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] o8 A 75 A5 & 400
pl= 3493k 5207, 12,000 rpmell A 2087+ 214
wodtol NS s A3} trayoll A
A719E A7 SFTq o sMste] A4 Bt
Al & 400 plS €31, 18 cm2] pH 3-10 non-linear im-
mobilized pH gradient (IPG) strip (Amersham Pha-
marcia Biotech, Piscataway, NJ, USA)S 3-7]%-&-9]
714 Al A A SFaL 24 A3 A 8Fo] A SshA]
Zek

4) O|XH HIIF S

AG8kAIZL IPG strip IPG-phor (Amersham
Phamarcia Biotech)E ©]-8-3}o] A x o2 HE 11
Aol A A gk A|7F A 2]kl 543} (isoelectric
focusing:IEF)A| At} IEF §-°l IPG strip< 3.6g2]
urea, 2% SDS, SM Tris 2 ml, 50% glycerol 4 ml, 25%
acrylamide 1 ml, 200 mM MTBP 250 pl7} 354 &
A k5N A 2537 52 8} (equilibration) A I T

Polyacrylamide gel #|%s ¢13lo] 1.875M Tris
buffer7}t o-% 9% 5 40 ml$}t 40% stock
acrylamide 45 ml, S 115 mlE 3}, 16%
buffer 40 ml, 40% stock acrylamide 80 ml, 50% glyc-
erol 80 mlIE 233133t} o] 2 A A1 2He 9-16% gra-
dient polyacrylamide gel (21 cmx21 cmx1.5 mm)®]|
0.5% agarose, 0.001% bromophenol blue dye”} &
% agarose $+5-91-S 211 IPG stripS embedding*]
71 %ol 24.8 mM Tris, 192 mM Glycine, 0.1% SDS
7} 3Z34H cathode running bufferE ¥t} SDS-
PAGET= 3 mA/gel®] AF= 2 A7 prerundt &, 15
mA/gel®] AT 7ol A A7|dEsS Aldst
Ak
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1554 = ¥ 324 A171 %, methanol 150 ml, 5% so-
dium thiosulfate 20 ml, sodium acetate 34g, <5+
330 mlZ 3027t ZHAAIFTE 1033F 39 Al =gt
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@ ohg, A 1R T ATk A gel
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97 500 mlZ A 7] 31, EDTA 7.3g, 55 500
ml= S FEHAZ] F, S5 500 mlE 5
Al W AE ST
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2-7g gk & do]E]8}5}3I T PDQuest (BIO-RAD,
CA, USA)E Al-8-5fo] thall 1~ 8 fx o7 54
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7) In gel protein digestion

o|m A A1 &k 5ulf o] S3HE protein spotS-
395 = CBB gel ©4] clean scalpel 2 Z&fjo]
30% methanol 2 G2} M-S AF3] A A 3F 5 100
mM ammonium bicarbonate (ABC) / 50% acetonitrile
(ACN) |4 k3] 21718} T) 100 L ACNC.= 2
3] o] 18] @478+ 5 Speedvac evaporator ol 4]
23] AZ3E T} 0.1¢g trypsin (Promega) = S$Hr-
§F25 L 25 mM ABC 7ol A 37°C ol A 1643t WH5-
A1ZA T 50% ACN / 0.1% trifluroacetic acid (TFA) =
23] o)} FE8k] 1 EFE FEES Speedvac
evaporator ol A $-313] 3= A% 20T oA &
A 7HA] Bkl

8) Peptide fingerprinting using malditof—

mass

UERAER 9 ~7} 34 ¥3}¥ 1LY cya-
no-4-hydroxycinnamic acid (CHCA) <} 0.1% TFA =
FE3 FElo|= AR ILE 4] 9]A] target plate ©
T oA s8] x AIX] thE Maldi-

44
Reflectron Tof (Micromass, Manchester, UK)E- ©]-&
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9) Target identification using database search
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2. T. mentagrophytes Bl HIt=9| T ZH|Z
K= H|u

T mentagrophytes W% o] & 2] o]} 7 7]<d
1=}

[e]
B AL el
}\

At (Fig. 3). HH%k A
2gro] TAEH o2 frol Al —57}0}744 A=
A Ve UL (Fig. 4, Table 2)

3. 7. rubrum b2 IS 2| Z2H|F A= H|w

T rubrum P o &9 B Ao FXE B

otq_,_izx}/kql/]. /\4,]
o] YESLT (Fig. 5). ¥ fﬁ vh S ol

& 10 AAjell 5 /4] 23ko] ojm)| A STV
A& A YEFSET (Fig. 6, Table 3).

4. M. canis, T. mentagrophytes, T. rubrum
N ZF9| HiF ut=2 ZEH|g A= Hl1

Al =2 v of tha ) Al 2o ehls v agt
73&]— M. canis®t T, mentagrophytes o A Ex}F 33
kDah 5 678 2= vl 2%} B 8
KDa7} 54170 6.9% ZH= whil 2ssko] FEEA 1
bt} 22U, T mentagrophytes €F T, rubrum 2
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wh 2k 3 BB A ek v sge gl

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 7.3
2 8 6.9
3 10 5.3
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 7. mentagrophytes culture compare to 0 day
of culture.

Protein ~ Molecular Weight  Isoelectric Point
Spot (kDa) )
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) (pD
1 5 53
2 55 7.1
3 6 5.2
4 9 34
5 10 6.3
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Fig. 1. The proteome map of culture filtrate of M. canis. The standard gel shows increased or newly appeared proteins
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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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Fig. 3. The proteome map of culture filtrate of T mentagrophytes. The standard gel shows increased or newly
appeared proteins in 10th day of culture compare to 0 day.
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a0 ‘\

Fig. 4. Comparison of the increased spots in two-dimensional electrophoresis of culture filtrates of 7. 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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Fig. 5. The proteome map of culture filtrate of 7. rubrum. The standard gel shows increased or newly appeared
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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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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.
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