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Purification and Characterization of Extracellular Proteinase from
Trichophyton rubrum
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Bong Su Kim, Ki Sang Kim and Jeong Aee Kim®

Laboratory of Nosocomial Pathogens, Department of Microbiological Diseases, National
Institute of Health, and Department of Dermatology, Seoul National University
College of Medicine®, Seoul, Korea

Background: Trichophyton rubrum is the most common dermatophyte isolated from human
and has ability to invade the tissues such as stratum corneum, nail and hair. The potential role of
proteinases as virulence factors of T. rubrum has been discussed at length.

Objective: As a first step towards assessing its virulence role, we report on the purification
and characterization of proteinase from T. rubrum isolate culture filtrates.

Methods: An extracellular serine proteinase has been purified from culture filtrates of
Trichophyton rubrum HP-9 by ultrafiltration, gel filtration chromatography, and affinity column
chromatography. Azocoll and keratin azure were employed as the substrates of enzyme activities.
Peak of proteolytic activity was analyzed by gelatin co-polymerized gel electrophoresis.

Results: The molecular weight of the purified enzyme was approximately exhibited to 14.0
kDa on sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The optimum
pH and molality of 14.0 kDa proteinase activity was 6.0 and 100mM, respectively. The activity
was inhibited by serine proteinase inhibitor, phenylmethylsulfonyl fluoride (PMSF). The proteinase
degraded gelatin, collagen type VI, and keratin from human epidermis but not hemoglobin.

Conclusion: The 14,000 Mr extracellular serine proteinase purified from 7. rubrum NP-9
culture filtrates has neutral pH optimum 6.0 and activities against gelatin, collagen type VI, and
keratin.

Key Words: Trichophyton rubrum, Serine proteinase

fAaor AAAH R FYslsA FEsn

MoB em!, FlA WA EAY AEZe

60~80%% A5l gLt} o] AF=e] WAl g

Trichophyton (T.) rubrume: A1) 7p74 WM G Qlozi )% Abato] Algkel 249 EFoly
T‘il-! j“] Jq-"ilc] ’J‘I X]-: :ﬂ “.’_‘;“?}‘. 122-020 »’-‘] —f-’; %i“:} T -‘.'f't‘ll-‘g- 3 —'j:-iH _)ll_:{-l%] ”'l]ﬂ".% ﬂ"‘l“ UJ '?.]. ‘d_cg ;!]_

-51-



o ske]zl etz ] A 2@ A 1E 1997

g Kol 71 A 8le] A B 54 proteinase S
pugel 479 244e Pagond 7184
JFUoz AT P ohlet £7 24E 47
A 5 e Aor M . gakA Tri-
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(pH 9.0)l 2o} 37Tl 48417t WHEA| 71§ &
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oko 2 slgth

3. 54 #4oj o|x|= =& pH

Al mole =&

c]-ﬂll)‘g_ _,_61.]_5_)-.0 5:] A pH?E-]_%I% pl-I 4goﬂ).-]
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T. rubrum NP-9 ¢4} E-g]3o] ok A3 o &
YM-10 membrane filter (Amicon., Lexington, Mass.)
B &% 4 Sephacryl S-200 HR molecular sieve
chromatography 9} arginine sepharose 4B affinity
column chromatography S 4l A] sle] ¥-2] A s
gttt 1mM EDTA7} ¥f%F 100mM Tris-HCI
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Bl wpig oRzk WYAA AxsdEd, po-
lyacrylamide s =& 4~15% phast gradient gelx} 7~
15% gradient gel-s THEo] AME3tH 2, ©| 5 gel
< 15ToA 25mAR A7]9F Sk P 5ol
£t gel& 0.125% Coomassie brilliant blue R-250
(Sigma)2 FM 3 Z gel o el vl band
= A AEE BRAAS olu) F AR
A7l 538l 259 A4 o)F g (relative
mobility; ROE 4F&3 &, EEFAE A1
A A g proteinase band?] Rf Z< t)-&A1#H o] =
fe) WARE ARk BEGA (Pha
rmacia-LKB, Sweden)-2 phosphorylase B (94,000),
albumin (67,000), ovalbumin (43,000), carbonic
anhydrase (30,000), trypsin inhibitor (20,100), o-lac-
talbumin (14,400) 5--& A}-8-3}5i o}

6. Substrate gel electrophoresis

chl A Bl s ©€2)517] 98] gelatin co-
polymerized substrate gel electrophoresis&- 4! A] &}
A eH, A A E proteinaseE sample buffer (% 2)2}
FHon £¥4T F 0.1% gelating H 718 10%
Tris-glycine gel & AMg-8lo] #7] Q5-& A3}
Aot A7) Fol] B gel2 2.5% Triton X-1008-
Ao Hgoi 143t Melste] SDSE A A%
% developing buffer (Tris Base 10mM, Tris HCI
40mM NaCl 200mM, CaCl: 5mM, Brij 0.02%)<]]
ol 37C g-&7]oA 24A17F Rk whEAIRl F
0.5% Coomassie Blue R-2502. & < A 3la] &4] o]
Ve 913 & Sreklth
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teine proteinase ] 4] ¢12}¢1 L-trans-epoxy-succinyl-
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o} A ¢l a}el phenylmethyl sul-
fonyl fluoride (PMSF; 1mM, Sigma), métallo pro-
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AAE &4 collagen ¥l of 35 a3}
7] 98] acid soluble calf skin collagen type VI
(Sigma)2 0.1M sodium acetate buffer (pH 5.0)e]]
Sl A7 (dmg/ml) 4Coll H3tela] Ay Ao
Al-gstgdct &4 10u19} collagen 20ul (80ug)
< H7Mg F A A wke-g ko] 100u17} HES
0.1M phosphate buffer (pH 6.0)2 37}t 37T
incubatorol] 4] WHS-A)Z] ). WFL-A| Vo] m}E col-
lagen &8 A =E #3237 g8 7|3k =138
oA WEGAIZEE 12A12F, 19412F, 36A1%F 2zt
Wg-A1Zl F Laemmli (1970)38 S M8 sla] A
719 %% 3 gel& Coomassie brilliant blue R-2502.
2 GA3ste] collagene] w3 4e) & sl
Olrrﬂ Ezwos aidE HrehA] &L col-
lageng AF8-S} o}

9. Gelatin
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AAE Ao gelatink-a] 5& Rege 5
o] wkalo| wa} A}-g-3tgic). gelatin (Sigma) Smg
< PBS buffer Iml2 &3] A # 4] B9}
s BAS J49 10ul, gelatin 10p] (50pg)S
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keratin (from human epidermis, Sigma) 5Smg2 0.1M
sodium acetate buffer (pH 5.0) Iml2 &8 A # 4T
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Table 1. Activities of proteinase purified from T.
rubrum NP-9 against azocoll and keratin azure

Table 2. Effects of inhibitors on the proteolytic
activity of the purified enzyme

Substrates Enzyme activity (Umg ™ 'protein)’
Azocoll 64.6
Keratin azure 58.0

“One unit of azocoll degrading activity was defined

by the increase of 0.1 in OD under the conditions
described. For keratin the increase of 0.01 was
used.
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Fig. 1. Effect of pH on the activity of purified
proteinase from T. rubrum NP-9.

100 ¢
80 :
60
40
20

0
0.01 0.05 01

Relative Activity %

Molarity

Fig. 2. Effect of molarity on the activity of pu-
rified proteinase from culture filtrates of T. rubrum
NP-9.

9049)3} keratin azure (Sigma 8500)& ] &3} &9
H45 vagk A3 azocolle] gk Aol 646,
keratine] 58.0 unit2 e FA A2 keratin
B} azocollel] ] £& Ao 2 vElyt) o)l 2
+ A3 54 9495 3 L& azocollE ALE-5}

o % stglrt.
2. =X pH ¥ =X mole ==

4% 8ol 27 pHE 2% 7] 918 pH 4.0
A KB pH 9.07h4] W3lE AlA Bhe S4E
S A3} pH 4558 BABAJ o] Ha F7tst
7] Al 2kske] pH 6.001A4] #19] 3 & Helon
(Fig. 1) pH 6.0¢l A pH 9.07}A] &= & 42| &4lo]
A& ez k3 d& vehdo] 33 pHE 6.02
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Inhibitors Relative activity (%)
None 100
PMSF (1mM) 5
E-64 (107°M) 105
EDTA (10pM) 80

Absorbance 280nm
- LS
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1 " 21 n 41 51 61 7 8 a9
Fraction number
Fig. 3. Elution profile of proteinase on the sepha-
cryl S-200 HR molecular sieve chromatography.
—— : protein content at 280nm

—0— : activity on azocoll
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Fraction Number
Fig. 4. Elution profile of proteinase on the ar-
ginine sepharose 4B affinity chromatography.
— : protein content at 280nm

—{— : activity on azocoll
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2 Jebytoh. ## pHel 3-89 phosphate
buffer pH 6.02. 2 mole =& WHEA|A B4
BG4S BEF A3 0IMAA M L BHE
E Jehln 02MPE & @40 #asr] A%
3lo] (Fig. 2) #3 moleF =& 0.1IMYS & = 4
At

3. chllE Fefla4o FA

F2o] A S 918 Sephacryl S-200 HR chro-
matography 2 4 A 8}o] (Fig. 3) @) 2 ok} F4
FAEE 23 A3 &L o] & £
64-731 -5 Ro} T4, F338la] Arginin Sepharose
4B affinity chromatography (1 x8cm)& 4A]3}%
ot (Fig. 4). ¥2¥ @942 05M NaCIZ FE
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So g okt WYAA AAsgdEd,
lyacrylamide s =& 4~15% phast gradient gel@} 7~

15% gradient gelS 9H5o] AL§&lH 1, ©]5 gel
& 15ColA 25mAR X719 % 3 450l
E gel2 0.125% Coomassie brilliant blue R-250
(Sigma)Z GG F gel o JeEbE el A band
2 GA e E fAs ol 2 oA x
71 QE3te] 25 ANA olF Az (relative
mobility; R)F A& F, REFAE A stn
A A ¥ proteinase band2] Rf kS tFA|A ol &
fns AL AYSATh XZENA (Pha
rmacia-LKB, Sweden)-2 phosphorylase B (94,000),
albumin (67,000), ovalbumin (43,000), carbonic
anhydrase (30,000), trypsin inhibitor (20,100), a-lac-
talbumin (14,400) & A}-&3}% T}

6. Substrate gel electrophoresis

A el aaE §A87] §lEl gelatin co-
polymerized substrate gel electrophoresisE 4! A) &}
AtH. A AP proteinaseE sample buffer (X 2)2}
Egor T & 0.1% gelating H7}3F 10%
Tris-glycine gel-& AM-g-sto] A7 o5& HAAs
Gr}h A7|YGEo] ¥ gele 2.5% Triton X-100&
dog Ao 1A He]ste] SDSE A A
& developing buffer (Tris Base 10mM, Tris HCI
40mM NaCl 200mM, CaCl; 5mM, Brij 0.02%)el|
gol 37T &2710A 2443 Ft A %
0.5% Coomassie Blue R-2502. 2 ¢ A 3la] FHA]o]
e 912 & selstsTh

7. MAE 24 Aol het x| UK} Gnhi.

bitor)2| & 1}

A QAT BAE Ao Bl A= P
g2 #Eslr] 94 cppcm:lorf tubeel] & ] ¢12}<}
AAE E49 10pE Yo AA §73Fo) 1001.1[7]—

% =& 0.1M phosphate buffer (pH 6.0) & ¥ 12
Zgg ob5 37Tel A 1A 2F WA 71 azocoll
4mgS ztzt Arlsle] A& £%sle] 37T incubator
o A 24A|ZF WS A7l F F Ao AL =38
Sick. olu) oAl AAE HAsA e 2L 1)
z7oR ALgaglen AL oAl Axhe oys-
teine proteinase 2} 4] ¢1A}¢1 L-trans-epoxy-succinyl-
leucyamide (4-gluanidino) butane (E-64, 10™°M; Sig-
ma), serine proteinase 2] 4] 214121 phenylmethyl sul-
fonyl fluoride (PMSF; 1mM, Sigma), metallo pro-

S Trichophyton rubrum®. 2 YX-E| A ¥ 8]
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el aa £ FA % 54 47

teinase 2} A Q12121 ethylenediaminetetraacetic acid
(EDTA; 10mM, Sigma)Z Al-£-5}<c}.

8. Collagen 235lj = 2t&H

BAE A9 collagen ¥-3l% o F-& HA3t
7] %]@l acid soluble calf skin collagen type VI
(Sigma) 0.1M sodium acetate buffer (pH 5.0)<l]
&8 A1 A (d4mg/ml) 4Tl BHsta] Ak Ao
ArR-&hith &4 10ule} collagen 20pl (80pg)
= AN 5 AA whg&Fo] 100p7t HEE
0.1M phosphate buffer (pH 6.0)2 3 7}sle] 37T
incubatore]] 4] H]'-"-Aliit} wke- Al 7bo] w}E col-
lagen ¥-3) A =2 #3slr] 92 71 £33 =438}
oA WEAZHE 12413, 19413, 36413 22}
WA 7] % Lacmmli (1970)48 S W@ sha] A
71 5% %~ gel> Coomassie brilliant blue R-2502.
2 M 3la] collagene] X-3/delS 334}

"l“h‘ gzFer ZidS HAsketA & col-
lagen & A}&-3H51 k.

9. Gelatin 23ll5 2H&

B A g Ao gelatink-3l] 52 Rege F (1989)

o] Whio| ula} AL-&5ts ). gelatin (Sigma) Smg
% PBS buffer Iml2 &A1 A 4Tol] Bstg )
Bl a2 FA4 o 10ul, gelatin 10pl (50pg)S-
A7betm A 98 o] 100ul7} HE2 0.1M
phosphate buffer (pH6.0)2 3 7}8bo] 2zHzt 12, 19,
36A1ZH¥ 37T incubatoro]l A ¥HE-A1Z1 & col-
lagen ¥-3l 5 ¥&7} 22 o r HAsH

10. Keratin £ 5l 2t&

AA D FA9 keratin3] & #36l7] 96l
keratin (from human epidermis, Sigma) 5mgS 0.1M
sodium acetate buffer (pH 5.0) Iml& &&|A|A 4T
o B3algdct el #AS &4 9 10y, kera-
tin 200l (S0pg)% HAekm A wEgol
100ul7} ==& 0.1M phosphate buffer (pH6.0)E
#7kske] 2bz}h 12, 19A12H4 37T incubatorol] A
Wg A7) e s

Z2 o

FAd
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3 71E Me

L vtz 9§ 714 Mg A3
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Fig. 5. SDS-PAGE analysis of purified proteinase

from culture filtrate of 7. rubrum NP-9,

Lane A; standard marker protein

Lane B; crude extract

Lane C; active peak from gel filtration

Lane D; active peak from arginin Sepharose 4B

A B C

Fig. 6. Substrate gel clectrophoresis of purified
proteinase from filtrate of T. rubrum NP-9.
Lane A; crude extract
Lane B; gel filtration
Lane C; purified proteinase

THE Fol 8&5le dAgs} Fh B &
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Fig. 7. Degradation of hemoglobin and collagen
TypeVI substrates by serine proteinase from crude
extract of T. rubrum NP-9,

Lane A; control hemoglobin

Lane B-D; incubated for 12, 19, 36 hrs
Lane E; control collagen TypeVI

Lane F-H; incubated for 12, 19, 36 hrs

30.0 »

201> & =

144 » .i - -
A B C

Fig. 8. Degradation of keratinVI substrates by ser-
ine proteinase from crude extract of 7. rubrum NP-9.
Lane A; control keratin
Lane B-C; incubated for 12, 19hrs

A Ao oje] Tl band7} VEFEC.M Sepha-
cryl S-200 HR chromatography$} affinity chro-
matography & a}2j| 2 A A& A3} oF 14.0kDa2]
] o] A A = 2} (Fig. 5).
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5. Substrate gel electrophoresis

zZt A @AERE 0.1% gelatino] 379 gel
electrophoresis S 2 A1 g A3 2 F dAodAM &
W B a7 FA HAS S AT 5 AN
t} (Fig. 6).

Fagdo olx& qHelxtel Ent

A AAE AARA B UzTe YR
£ 100% 2 718t A Q1AEo] Ea &4
WA= dEE v B4 A3 Table 29} 2
E} serine proteinase 5-©] 2] 214}¢1 PMSFol| A
& ®4 B40] A9 dEiA 2 W cysiin
prolcmaac Eo] 9#|9x% E-64o]A= 232
#HA o]l F= 2 metallo proteinase LWt <] A
Q1 #}¢1 EDTAe] thal A= 80% % 9| g4do] 1}
E}vl T. rubrim NP-9o| A A A gl ghu)z B3] g
b=

4=+= serine proteinase = &<l & 4
7. Collagen 23l 2HE

AAE A4 collagens WA 7] A nkg
12A12F el M= o) Z=atol] WlE] A2l ate] 7} §l%h
S} 1941 ZHRE] oFRhe] BEvt dojur] AF
ko] 3627kl A& 7 9] BE collageno] £33
Atk (Fig. 7). whekA] 19A] Zkoll A 36A]3F Ale] o]
o] a7t Dol 2 o2 eyt

2HE

8. Gelatin 23l

Gelatin®} ZA A€ A B& &
3} Alzko] 12, 19, 36A]7te] 7

gelatine] 28] = 1} (Fig. 7).
9, Keratin £35S n=t

AAE A Bg) F47F human epidermi‘;
keratin® A9 7] A & A} &3}o] chul A K e
228 A3} 12, 19A] ko] A x}p3te)] wla} wE

-)rc

R EE D S-S TR = A (Fig. 8).
i

Trichophytond;: 2 W] -3} s K. zl3t4:0] vk

oo ZEANSIe T Fé) 9["‘011 ek s

o Faso] 1 HAE e A7 sk W

HHA olE W BEEasse szt

A ola, ok A B SFel Wele

A TE, ]
e 4

TS frdsked vlg T8¢ 9L stk gl
e Ao g oA, 27 proteinase’= Can-

didagt2:o| A 28 A7} A2 o] Trichophyton
& Y E3 9B AdFsd g A3}l A3 x| of
o} el M= M. canisZ H-E] keratinolytic
proteinase o thg+ A Kyt ¢S WP w2
W4 3 B2 AFE o] Folx]A] g gl

s
wpeba] & Aol e Sl H5 AdsE
o7= 94 EelFE =3 skol proteinase 4]
o] ¥& B FE MWD o] ¥ FI) HAst
+ proteinase s E’_ 2] AAsta] 71 EAS zA}EE
dot. s AR EF Torubrum 95, T. men-

tagrophyte 85=, T. tonsurans 55, M. canis 55, E.

floccosum 35 5 F 3155 U222 yeast car-
bon baseol] bovin serum albuming A9 © 7 A
Smg/mls %2 3 7}6ta] proteinase 41 S ZAlE]

B A3 T rubrum NP-97} 7} o) o] ¥-u|3
o & proteinase ¥-2] A A & Al =35}l ).
T. rubrumol| 4] 2] gk proteinase= -} &ko] 2

44,000, 14,0002] S7}A] proteinase S A 4Fél= A

o 7 et o 5213k 44,0002] proteinase= ©]
Aol By u Qloj' ek WA A g A

o7 FAEE= B2 14,000 proteinased]] i &
Atebgdch.

HA}#F 14,0009] proteinase= azocollel] &A1&
el 212 # A pH 6.00] 2 o.w Az Aol o g
&) £ 7= serine proteinase o] A Q1441

=2]0
= R

PMSFel| 738l A %= A o &2 Ko} serine pro-
teinase &2 E}yET)
A G 7A TrichophytonZzol] A E2]g o KL 5o

proteinase 2+A] 2

o dzelel A ## pH
LEFEk 2 serine proteinase® &2 2] ©] % pro-
teinase2] 543 7o dxste AR YEMYL
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