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HOE: s EamBAEER % 0 E (Scedosporium aurantiacum) £ 2 AR E G BZ —, AX
ARG AR L, XN EOEGFT . SN EEFFRITT AR, GAATHEENEKR
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B R ) A HHATT AR, 4R 2 7, S aurantiacum g1k 58 b & & Bt 3k & & F= 4 AR R
% 8 (bovine achilles tendon collagen, BATC)E F 42 47 49 K MR M 48, xt & K Ik R & & (fish skin
collagen, FSC)# /K2 HE 5 Taf &80 Ix oK fF 2, sBEE QKRB MEREZ. A THEKRES
i, AR TR E AR, I’ 3 EEAARIEA, @ Ca¥. Mgr. Na'.
(25)-2-[(4S)-2- R % -1,4,5,6-1 2 H 4-2F 72 L ]-N-[[[(1S)-1-2 A& -3- F 3L T A ]88 L ) H A Bt-
NI1-[(1S)-1- F 3 -2- R T K |-L- & & B F Bt Iz (elastatinal) = X F 3K 7% Bt # (phenylmethanesulfonyl
fluoride, PMSF)34 %t B 7% A 37 R V6 A . 1% & & B A= F & (Paecilomyces lilacinus)#l it 22 2 B8 & &) B
(PDB Entry: c3f70B )& 5 7| sAathk, BA 3 BATHF I REABEANA%EZ T 74, TwtEAH PCR
B 5| #pi% T 69 AR . B 4F M 5236 R 9A, S aurantiacum g1k iR & 6 Bt A 4E 4P 49 R G
EHERAER, &R EfFuiaE 2t —Fma.
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Abstract: Extracellular elastase-like protease is one of the key virulence proteases of
Scedosporium aurantiacum. To date, little is known about this enzyme in terms of genetic
information, structure, properties and virulence mechanism due to the difficulties in purification
caused by its low secretion amount, high specific activity, uncompleted genome sequencing and
annotation. This work investigated the gene, structure and enzymatic properties of this enzyme.
The S aurantiacum elastase-like protease from the fungal culture supernatant was analyzed
through tandem mass spectrometry (MS/MS) approach, illustrating its primary structure.
Bioinformatics tools were employed to predict the conserved domain and tertiary structure, the
enzymatic properties were also studied. It turned out that S aurantiacum extracellular
elastase-like protease demonstrated well hydrolysis towards elastin and bovine achilles tendon
collagen, with Vy,,x of 18.14 ng/s and 17.57 pg/s respectively, better than fish scale gelatin, with
the lowest hydrolysis effect on casein. Its activity towards elastin was lower than that of the
elastase from porcine pancreas, with values of K /K., of 3.541 (ug/s) and 4.091 (ug/s),
respectively. It was an alkaline protease, with optimal pH 8.2 and temperature 37 °C. Zn*"
promoted the enzymatic activity while Ca®", Mg>", Na®, elastatinal and PMSF inhibited its
activity. Its sequence was similar to Paecilomyces lilacinus secreted serine protease (PDB
Entry: c3f70B_) with multiple conserved fractions each containing more than 7 amino acids,
thus suitable for design of PCR primer. This study increased our knowledge on S aurantiacum
extracellular elastase-like protease in terms of structure and enzymatic properties, and may
facilitate later studies on protein expression and virulence mechanism.

Keywords: Scedosporium aurantiacum; elastase-like protease; protein structure; enzymatic
properties
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Diseases and Microbiology, Westmead Hospital,
The University of Sydney, Sydney, Australia),
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Elastase activity presenting in Scedosporium aurantiacum culture supernatant on elastin agar.

Figure 1

Elastase from porcine pancreas was used as a positive control and the S, aurantiacum environmental strain
WM10.136 culture supernatant was used as a negative control.
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Figure 2 Isolation and purification of elastase-like protease secreted by Scedosporium aurantiacum. A:
DEAE- sepharose fast flow ion exchange chromatography. Concentration of NaCl in the eluent was 0.2 mol/L.
B: DEAE-sepharose fast flow ion exchange chromatography. Concentration of NaCl in the eluent was
1.0 mol/L. C: Sephadex G100 gel filtration chromatography. D: Zymography and SDS-PAGE analysis. Lanes
1-4 used elastin as a substrate, lane 1 represents the fungal culture supernatant, lanes 2, 3, 4 represent the
ELA-contained samples obtained from chromatography. Lanes 5-6 used specific peptide as a substrate, lane
5 represents the fungal culture supernatant, lane 6 represents purified ELA from gel filtration. Lanes 7-9

shows results from SDS-PAGE analysis. Lane 7 represents the proteins present in the fungal culture
supernatant. Lanes 8 and 9 represent ELA-contained samples obtained from chromatography A and B.

&: 010-64807509 B<: cjb@im.ac.cn



3806 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

BOR(E 20). ¥4 SA 535 1B WA 43 B 1) 7
YR IEAT BT FL KA A, SRR, gifkid R
HUR YK A B b, e R A — A4
M, IREN T4 HE(E 2D). 7EEE TR ER
BT EYIKRIX, XEFEN 80 V. 4 °CHEMFT
BEBERE P NATSEE , 25 0T 35 g TO 0 1 2
7 AR IR AR AE P o 58 P T o G 40 5 Wi 5 G L
NS PN N i 15 A S B =% € S R 4 &
FERIN T 5bE 8 1 (PR GE 1-4) N ZE IR K E 5-6)
A B e v 43 B RO A B B 2% 5+ (] 2D). SA K5
I b5 AR B B R RO AR 2 A KR Sl
(ki 1), WZESEMRY Hh H = A — A4 Uk
Sy, BLHI SA 43 T Z Rl LK i sk 5 A
B, Hh T2 24 kDa 9N ELA, HXf
FE S S IR A K f#VE A o SA ELA 43 TR
/N5 A LR L i 25 (Aspergil lus fumigutas) |
e 1t 55 (Aspergillus flavus) K 8K wiPE 25 1 il 14 R
AN—g 27
2.3 ELA HZEH R INEESHh

A1 BAF0HT iR, SA ELA [ Tty
24.5 kDa, SEEE R R 45 2K — 2 (Bl 2D).
% 5 1R £ 1 7 5 (Paecilomyces lilacinus)4h
W22 4 FR #5111 i (PDB  Entry: c3f70B)AY 45+ A
IR fe i 8, Horp 54% A9 91 58 4 — B (B A5
100%) (Kl 3A). BHIZEH T 78, SA ELA
() B P8 i f o SRBEZ B T — MR
WO4%, RMINUE, 254008 A D ERTE
FFORE—M . FEMEAL R N fR R, 25 A m ik
BRI R, WO R R
D17, H48. S196 &KL 4H B M4k = BX PR % 2
FEW R4S 3 L 5 — A S R AR
N139 FL5HH M Aa e e Aa oG, ek S i 7
Hr, S196 1E Ry SR A A BORK B b ok Bk S 7,
5 H—A R T2 H4S, f g N139 mJ LU
A H48 ERYIERPT. HE AR T B,

http://journals.im.ac.cn/cjben

SA ELA & 51k SA ikt fE £ RGN HIR
(GO:0042784) . i Tt 21(GO:0060309)
A R
2.4 SAELA RUEEF4514

SA ELA W i 2 j 45 14 1 4A—4D I
WLEEA 37 °C, pH 8.2, JUWEFE] A 20 min, i&
Mk ) Zn® 0] LR T AR RCR T Ca®t
Mg Na ¥4t I IE 7 00 F B o RS B
FEARIR T (& 4E), 7E 4 °CTIV7 K 90 d, [
WA R, 7E25°C T 7d )5, M
TG 1A P T B 5 S I eI BE E 3k 37 °CHt
LG Ty T B

MR 1 AU, 22 SRR 57 PMSF
FgbE 2 P B 7] elastatinal X SA ELA (141
TR, BuE T X i 2 22 2R B 1 B S I 1Y)
W . EDTA F1 Boc-VE-NHO-Bz-Pcl %}
SA ELA A7 — & BN IR , SRR S I T 3k £ 41
R0 T il B P A A A e, DTSR e i A
PRI & S

MR R SR 25 R () SA)PT LR
SA ELA W@ iRy it m, HOh s
EE, XK EERER ZE, EX R A
49 7K A 3303 T 5 T i 3 2 11 i (P-ELA) ,
55 HoK fige el e 25 R — 20 (K 1) A Line
weaver-Burk EE (K 5B), 458 W/~ SAELA 5
P-ELA [iHZedcizin, iS5 H At i o i ih 4 0]
RS, BIRIE X 2 R e T
SAPESR RIS, KRR . PR e
WRE, 2R Ko i

HR K Oy R AT REI , 255 18] 5B H 4
MG A BN TR, T Vi Ko Fl Koo
(3R 2)o S IRPITXT LY SA ELA f5 K v i
5 RN 5, CRE FrX} I i R I i 2
Vimax K, 38R0 K A i 7™ A5 0 il 2 2
18.14 png, H K, fEfH/, UL S5IRYNL &



it SREESHABINEEEEOBENSNE

5 Rov snems % wie W. .oy o« ¢ 0o 0. ..., oo oM ey s e e oW Ly e s L e, .. L6
A Predicted secondary structure — ARRA = m— fap—
Query sequence M EiS HIESEA BiA GIElY AIMIV DES G N VN Hiv EBFIERS RIASSIL AY N AA GES HVDS]T BHIGTTHIV AGTRINGIG KT
Query conservation - —- = = .- . - —__ ———

Template conservation
Template sequence Y EYDTS'GGs 6T c AY VI ET GV EAsHP EFEGRASQI KS FI S8Q NTBGN GE}THCAGT! Gs KT

Template known secondary structure ssssspT T TTTT s i S TTSGGGT T S TT—5—5 SAAARARARAR TT
». .. .13 RO | LIERE S PERC . 50 oo e e 60 . S Y. 80 . . ..

Predicred secondarystictiirg S oo B v il e @ @ 95 e W e srea sl sy e s i s s WG S s g e

£y ARRAARARA AR AR — ARA

Query sequence
Query conservation
Template conservation

Template sequence IENIKIKETK 1 v WEWLD N s Gs G §y Blc il s BmMD FENEQBls k BiRs cPRGv vA NMEIDEEGK AQ SV
Template known secondary structure T -~ §STT — wwssssssp S T T S ARMMAAAAARRAARR GG GS —— TT— i ——p -y - AAA

— .
PEVAKKTNL LS WKMIFQGE SIS T8I ILp BF N wANENBIL v Bk G RTEKA A1 NMSIEEEEY sy AF

8 . .. 9% ca100. L L L, B L 120 L L, RS & P &

O S, B B E SR 5 en n MG G, ... 150 Slhe Eow ow oM ved, eleiEddI0E S0 5, %
Predicted secondary structure A AAAAA - —
Query sequence NINAVEN AF DE BINIL s v VIRNENGINIE Ns D Alis NiT SIENNSIA BN A L FIVEA A1 NKEN BIRIA SIESINVIGSS v VDT
Query conservation —
Template conservation
Template sequence NDGAAA MIRAGVFLAVAAGEDNANAANY ERASERTYVCTWMGATTSED AR SSFSNYGN L VDI
Template known secondary structure i AR AMNT T — s p — S S SSBGG GM®BTT T TTS mwmmmmsp TS BB ~TT — BSTT—#

145, . . 150. . . .. . . . . 160 . . . ., I e e .. L8O L L., ...180. . . ., L0, . . .
i . o e T L R « o w0 - e 2 L R Sy . | gy
Predicted secondary structure — ws s sy -

- AR AR AN LA AR ARR AN AL ARRAAA
Query sequence FEEGIQ D [ISIA WS T T A TINFINSETSIMATPHINGES v PNV SINEIN SEIP A BV T A RIBK E B BN
Query conservation —— e e —— - — _—- —-.—
Template conservation 0
Templalesequence FARGS N IIESIT WL G-(‘ T TNT I SGTEMI\T PHIWGLEGA A B EGFPEIA Q AL C K RIFQT S K
Template known secondary structure ssmsp—5 S s—)TT , .7 === -5 AR AAR AAAAAAAR AR AAA A AA AAR ARARA RS =

Predicted secondary structure v B 1nsertion relative to template
Query sequence [ Deletion relative to template

Catalytic residue from the CSA

Query conservation

Template conservation NV

Template sequence

Template known secondary structure

3 BEEZASMINEMEAEMN _REMA). HEMBAUGB)REFESEMASC) A TEEREAN
HEMAMRER c3f70B_; WARBEMARFAIITEN E; REOBRIRIUR o B¢, HEaSLEER IS
o, REMEARR TSN, B FC o, 2550 S G MO i U R AR th A R B e A0, H& H
PRTE T G R B A B A B (45 A0 - S 18, 146, H48, F75, S80, S81, 185, S110, L111, G112, G113,
G114,Y115,A136,A137, G138, N139, T147, P149, A150, T203, S204; {& P4 H.0>: D17, H48, N139, S204),
H RO REE G I

Figure 3 The secondary structure (A), ligand binding sites (B) and active site (C) of extracellular elastase
from Scedosporium aurantiacum. In figure A the digits on the top represent the position of amino acid in the
sequence; Green helices represent a-helices, blue arrows indicate B-strands and faint lines indicate coil.
Predicted amino acid residues at the ligand binding sites and active site demonstrated by colored ball & stick
and labelled by amino acid codes and sites in the protein sequence (ligand binding site residues: S18, 146,
H48, F75, S80, S81, 185, S110, L111, G112, G113, G114, Y115, A136, A137, G138, N139, T147, P149, A150,

T203, S204; active site residues: D17, H48, N139, S204). Predicted binding ligand is shown in green yellow
sphere.
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Figure 4  Enzymatic properties of one elastase-like protease secreted by Scedosporium aurantiacum. A, B,
C and D were effects of temperature, pH, reaction time, and ions on the enzyme activity; E were effects of
storage temperature and time on the activity of enzyme.

#£1 AEHIEHIFIXT SA ELA & a0#0&I4{E

Table |  Effects of inhibitors on elastase from Scedosporium aurantiacum

Protease inhibitor and specificity Final concentration Residual activity (%)
EDTA (metalloprotease) 5.0 mmol/L 50
Pepstatin (aspartic protease) 0.15 mmol/L 100
E-64 (cysteine proteases) 10 pmol/L 100
PMSF (serine proteases) 0.2 mmol/L 0
Elastatinal (elastase protease) 50 pmol/L 0
Chymostatin (chymotrypsin protease) 5 mg/mL 100
Aprotinin (trypsin protease) 100 nmol/L 100
Boc-VF-NHO-Bz-Pcl (subtilisin protease) 100 umol/L 40

Ve, RV T SO BTl IR Al . 3 ‘L‘j"b’f’}

Xz, casein [ Ky (BB, 156 E X 0 55 Al

TR, 4 R R AR — B (8] 5A). AN sVE B R AR AR AL fumigatus 1Y
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fEALECR . P-ELA % CRE MIBEALALH (Ke/Ky) Lo AT, SA AUSRALPE )y F L2 L,
% T SA ELA, EWIHR CRE Mkfpe s SVELE WL T HPEET 4R b (cystic fibrosis) i #1
SAELA, BEVELF b — Pl (L g, A IR T
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Figure 5 Enzymatic properties of elastase-like protease secreted by Scedosporium aurantiacum. A:
Substrate specificity. All assays were compared to the activity measurement against CRE, set as 100% (dotted
line). B: Kinetic parameters of the catalytic reaction. The curve was plotted using reciprocal substrate

concentration as X-axis and reciprocal reaction rate as y-axis. P-ELA referring to the elastase protease, type I,
produced in porcine pancreas.
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Table 2 Kinetic parameters of catalysis against various substrates

Enzymes Substrates Vinax (1g/s) K (ng) Keat (1/5) Keat/ K (1g/s)

SAELA Casein 6.51+0.41 11.81+0.23 11.83+0.71 1.00£0.09
FSG 7.32+0.64 11.21+0.85 13.31+£0.26 1.18+0.14
FSC 9.56+0.47 10.81+0.74 17.38+0.22 1.60+0.18
BATC 17.57+0.59 10.13+£0.46 31.95+0.39 3.15+0.29
CRE 18.14+0.88 9.31+0.21 32.99+0.78 3.54+0.23

P-ELA CRE 22.07+£0.50 9.79+0.06 40.13+0.64 4.09+0.21
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