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Abstract: [Background] A fungus producing a neutral protease was isolated from Dagu of Beidacang
liquor and identified as Fusarium oxysporim M1 by morphology and molecular biology in our preliminary
work. Neutral proteases are important enzyme preparations which have been widely used in industrial
production, such as food, medicine, leather, feed, chemical and waste treatment owing to its mild reaction
conditions and high catalytic rate. [Objective] In order to apply the neutral protease from Fusarium
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oxysporim M1 to related industrial production, it is very necessary to purify the protease and study its
enzymatic characteristics. [Methods] The protease was purified through ammonium sulfate fractionation,
hydrophobic and ion exchange chromatography in this paper, and then its molecular weight was
determined by SDS-PAGE electrophoresis. At same time, the thermal stability and acid-base adaptability
of the enzyme were also studied. [Results] The protease purification fold and yield were 26.1 and 7.9% by
different chromatography steps. The molecular weight of the purified enzyme was 62 kD. The optimum
temperature and pH value were 40 °C and 7.0 respectively. The protease belongs to a neutral protease
which is sensitive to acid but strong tolerance to alkali. However, it is interesting that the enzyme have
strong heat resistance, but is not inhibited by EDTA. [Conclusion] Therefore, the protease from
Fusarium oxysporim M1 can be used as a biological catalyst used in different industrial applications in

the future.

Keywords: Fusarium, thermostable protease, purification, characterization
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0.001 6, ZnSO, 0.001 4, CoCl, 0.002, pH 7.0, %
Wit 30 mL/250 mL.,
1.2 A&
121 BEHEURESENER
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J&, G, ARG RS AR L IEAE HIC, SE1 T
5 T 1 D0 A
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(Milipore Amicon Ultra-15, 10 kD)%), #AET
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B, EBRRGGEAR; A5 60%-100%Hk
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e J5 LAV A 2.0 mL/min 9 1 mol/L NaCl #£74%
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(Equilibration) ;

L
124 EAMHEFMERMR

(1) Fpcisk I B R R e o
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A1 mL FBRE ARLb, 745 HIREE KR
HARZE ORI 10 min, SR B R MR- 3200 2
677, DIHE Sl i 4 1 mL SR o HI7E
TR BE S5 T AR 120 min, B FHVE RS INA
F2: 40 °C T 5 mL BERIERH, 40 °C IR
10 min, SRFIREARE 00 BEE 1, AR R R IR
EVE.

(2) il pH B HA M

1 2.0% T RN I B F pH 22 Wil
2% R pH YL A pH 3.0-5.0 (10 mmol/L Z.JR). pH
6.0—7.0 (10 mmol/L #§#). pH 8.0-9.0 (10 mmol/L
Tris-HCI), pH 10.0—11.0 (10 mmol/L B#FREEE), ¥
1 mL ZhEH AN AZ] 5 mL ©7F 40 °C /KB 5 th ik
(IS pH T RS ZIEW T, 40 °C {43 10 min, A5
FtEARILIN E BEEAN R pH MRS ), LAISE ol
pH; AR MRS pHAEZE i, ZIR(25 °C)
PR 120 min, AR5 I ARARER N A 2 1 T O
71, BFEHE pH R E .

(3) EDTA X} 85 i 1 52 1)

TR Z e DU 2.8 — AR (EDTA) X 5 11 il
AR, EEIET, WS40k EES 1 mol/L
EDTA7E pH 7.0 T #ifiE 1 hilE E A EEEYE, S5xF
HECRIIN EDTA)EA FERER, ST RS TEAE (L

2 ZR54M
2.1 Fusarium oxysporim M1 F.75F M5
Pk 3% Fusarium oxysporim M1 T RE4% 3
PDA VA (B 05537 38) I, 28 cCHEIREEFR3 d )
WEHEEIES . WE 1A Fi7s, F. oxysporim M1
HROGZR, Wamk, RHEIR, %
%, o BIREVERMGSE . ST A R
SJE T WEREFRH Hypocreaceae) iR 5% & (Gillerella)
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B FRA, RARIr P ESE IRk BRI T2 5¢
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VAT IR AR T A
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b, BT A RS AR 2R (R 1A); fEF
Wiy (K 1B), A RRENFESr, Wigha
A 1] D FE SR B MR . Ve TR R SR, T
TN 22 50 i e, L R AT g 2 /K A 2 1
FEAE R IR U\ﬁﬁﬁl_lil%ﬁiko a2, BE
WMEEE R G5 W IR TR TR R 42 —3

WiE 2 Jros, A 0.9%4: BREL K B ]
o, ] 40 BB IEES R . Bl 2 PSR 4E
A(Hypha) . /NMiFJE 2 (Microconidia) . 4341 F
Fi (Conidiophore) Fl K {1 - (Macroconidia) JE 45,
W, TR F. oxysporim M1 KA F/INE-F -,
KBV ERFICE, 2, WO, o, W

s A, DVr A, AW kMR
(Conidiophore) 7344 ; /NEIF A HlFIo 8, PAAE,
GRIETE . RT-HUAE

2.2 Fusarium oxysporim M1 7=%& A E 1818
A W) O S g v, il P ISR 43 R
FAER IR IR, M6 2 (A ™ A AR BT FR L

%]l 1 Fusarium oxysporim M1 B &7 E
Flgure 1 Fusarium oxysporim M1 colony morphology

TE: A JFABEITH M1 EHRAE PDA B3t ERRIEE; B
IR M1 ERTE A WIS L RS

Note: A: Fusarium oxysporim M1 colony morphology in PDA
medium; B: Fusarium oxysporim M1 colony morphology in milk
culture-medium
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B &5 S5 % PUAN ‘
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2 RIBMRIIE M1 ASF MR R (16%40)
Figure 2 Mycelium micrograph characteristics of
Fusarium oxysporum M1 under microscope (16x40)

AR BB O, AT E R R E A o
P 1 o 3 D BB /MR R A8 1 2 S i 2 11 il
W hwAk. K’ O3A. 3B, 3C. 3D 4RIt
Fusarium oxysporum M1 (55 F5FET5 T L) 1E 41
Figedk FHESR 24, 48, 72, 96 h JEVELERAFLL,
Hy A Em B ER 5 2.2, 3.3, 3.9 F14.2 cm,
ZRAERFREE LK 1 d 5B B B(E
3A), VIR FIE ] RS2 i Wk Hh A 1 s
T ™ A

25 45 2 Y T s 3 P R BT 9 AR LU A
(H/C {EDME ™ S s 6 A i e 7 3%, {EL
PR, T 22 A KB, nl s ) Sh SE
P B AR SN B, BLH/IC1E
VR — T AR A RIS
2.3 Fusarium oxysporim M1 F=EHEEEE 217

& 4 R F. oxysporim M1 FERAAR K EE: 3834
BEE SR T R P AR AR ARG, o A-E J2
i PR 30 mL/250 mL, 120 t/min $5 6% 1§
it 24, 48, 72, 96, 120 h J5 A T EOLER Y
45

ME4TTLIE H, B S FRET AR e,
T 22 AR, RS W BN, R
B IR ) i — 2 G KR B A iR R 0, JR
PUBR 22 FIfeLF-HERE S R B . 2 )
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AR, TERBENE Sy 72 h IR S T
fei, JPBERTRIER T e, R iE & b
FEWFIA)A 72 h 3647 I S8 RS R i o

PL F. oxysporim M1 HIEAIEE 72 h PA9 KB
W, ARAEHTIASE M E SE Folin 2tk , M
SEYG AR RS A R RMERT 2 ¥=0.009 8X+0.004 6
(R*=0.999 7), 3415 K {H ] ODego=1 (Y ST, X h
Xt 7 14 1% 2 I ST R (pg/mL) o B IR R 2 I
HERN R A2 K (X Bl 101,57, AREE AT
) M B & B W ODego 11, K415 Fusarium
oxysporim M1 5 B /14 234.42 U/mL,
2.4  Fusarium oxysporim M1 & g4k
24.1 Ml EMABRREAMRERZIRS S

F. oxysporim M1 KWW ZAE AN, 26
R AL T 10 AR AR, R ERh
30 mL/250 mL, AT A [ A0 BE A B R B DT IE

B3 M1 BtkGFNEFRE LERE

WM. TURK A, 16 20%—40% 6 FR &4 1t Al
e Y B P O i B T DCVE I, T B WD AR AE X
W HARMK, Z ST E T &, 35 70%MHF
FEBF, BEWE R . S £ R A
40%—70% 1 F1 A B8 2 i A7 43 oy 5, ARAR IR
FEHE R . FER ARSI, BRER o B
JIT A U0 A A A v BE ) R B AT 03 Rt
B, RIERE A EHC/E ASF (Ammonium  Sulfate

Fractionation),

242 BKERABH M1 BExEBEBISK
i /K Y A JZ #r (Hydrophobic Interaction

Chromatography, HIC)J&43 &5 AN [a] &5 1 i YA 50
%o ARIEAMEKIEFARE, Wi, 5k
IR 7o B DR G m A T, SRR LA ]
RSN Gl G o - = ) B S I S 2a¥rs v L SR =i
ARATFHI BRI A 2K

Figure 3 Clear zone of Fusarium oxysporim M1 strain on milk culture-medium

Note: Cultural time: A: 1 day; B: 2 days; C: 3 days; D: 4 days

4 AEEFAET M1 BRRIA LB IEF B R EERTS

Figure 4 The fermentation liquid from Fusarium oxysporim M1 strain on the fermentation medium at different

culture time
Note: Cultural time: A: 24 h; B: 48 h; C: 72 h; D: 96 h; E: 120 h
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AU Fracti
5:001100.0%buffer B oo

1.75 4
1.50 3
1.25 4
1.00 4+
0.75 4
0.504
0.25
0.00 F-
—0.25 9

1 1 ! 1 1 1 1 1 1 |
0.00 30.00 60.00
t (min)

B 5 HKMEREHR M1 EHREQBBRAL

Figure 5 HIC purification for protease of Fusarium
oxysporim M1 strain

M 5 ATFE Y, FERT 20 min PPEBIZE RN
100%BREREA W, TR RIS 1 S5/ 2 5 2 4
Vg, A3RNEEE 1 SEEITTAA 12 min, 2550
18 min)Fl 2 S-S5 HITE S 21 min)dFF T2 GG
WEPENE , WA KB AEAREE. R3S,
4 SH 5 ST JCE RS RS SR EERE E
BK); 1M 6 SUEOIRAR AR AR RN 40 min, 25
BHEY 50 min) HAG AR = 8 I RG24k
B, 10fE HIC, #§F —&msif.

243 BYXREHR M1 BRESBBOSEK

22 4t J2HT (lon-Exchange  Chromatography ,
[EC)J& K M4 fL i B ik, & 6 Rl DEAE
SR T F A RN TSR0 )2 &, DEAE J&
F OB T B G . B KA 2 M 345 25 1 AL
i, BTSRRI R, LA B 5 T
BEIEATHRAR . SCHCSR A T IR (10 kD),
BTG . A 6 HRTLIER 1, HiKZHT3k
BB ENT . BIEE FRER TSl 2 EE, 3K
BT 2 EEE, B 1SR 2 Sk, 1 SISk
AL, (H g F g, FHEHY 2 min, PRI
WK, VEMGRTE#4S, 14 min JFA S5

LB AMHE RN E , A 1 SIEIREE A &
FEEEYE; 2 S8 Eiid 60%—100% NaCl ¥ J& iz
PEEPEIL T AR, VR B . Uk
I BT . WA IE AR B IC/E DEAE.

AU Fractions

8%22_ 100.0% buffer B 3 %2(5)

0.1504 £1.50

0.1251 £1.25

0.1003 £1.00

0.0754 £0.75

0.0504 £0.50

0.0251 £0.25
—0.0005 = ——+0.00
—0.0251 | | £-0.25

0.00 10.00 20.00
¢ (min) AU

6 BFXE(DEAE)X M1 EikEBBRISL
Figure 6 DEAE purification for the protease of Fusarium
oxysporim M1 strain

244 SRS

AP T HE ML P EA bR, SR
T B A 2T R MBS E 455, 1
FEELEE TG . Aifb U R E A RS R ES
. AL BRI A . BRIRE 5 o
(ASF) . #i /K AFE 2 Bt (HIC) #1 B 1 28 4 )2 #r
(DEAE). % | & R4 fbas ok B 300 mL &
(10 AR, FEFEREN 30 mL/250 mL), £t
ZREZ RIS IR

AR, HIEER, RRTCANAEHEERI(Cell Free
Extract, CFE)EHEG A 70 326 UmL, 2300 mL &
PV P A PTG, MR B 1 T A A i e A
FBREF A 833.4 mg, NI BB LTS
KE|T 84.38 U/mg. ZLWiBRE /9 4r 5 (ASF) .
g K AE L E BT (HIC) #1138 5t )2 #T (DEAE)
F. oxysporim M1 Bk HLEHE A5 2 201.6 U/mg,
ai A HGRF) 26.1, 155N 7.9%,

*1 EHEM EAERAELE

Table 1 Purification of protease from Fusarium oxysporim
M1 strain

Purification step CFE ASF HIC DEAE
Total activity (U/mL) 70 326.0 12213.6 7560.0 5 548.0
Total protein (mg) 833.400 74.200 9.424 2.520
Specific activity (U/mg) 84.38 164.60 802.21 2201.60
Yield (%) 100.000 21.250 9.214 7.900
Fold purification 1.000 1.951 9.501 26.100
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245 HERBBKSH

E3 A i = T S o /= VSR e 8 vio S
R U 45 AR A5 10 2 B AE i Y SDS-PAGE  HiL K &
(Marker FHFERN 2.5 L, SEAEHEMS DR R
5 uL); SDS-PAGE HBYMAE N 4% 5 N1 T
Wi, SIS 12%F SR NI IR

W 7 Fos, B UKIE EDKZ NG SRS A R
F7E 97 kD DL EA BB Bl — SR A ok, 78

27.0

20.0

14.4

7 HIC 71 DEAE EH3X15 & B8 SDS-PAGE HXk 31
Figure 7 SDS-PAGE of protease purified by HIC and
DEAE

TE: A BB T ENIFREITPAR N E LS ; B: 25
AKAEFZATEPAS R SRR i M BB TSt
Note: A: The protease samples obtained by ion-exchange
chromatography and concentration; B: Protease samples obtained

by hydrophobic interaction chromatography; M: Protein molecular
weight standard
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ZAR AR IR s A VKIE B T 5C02 0T Bk
PR IR, Sl 2205, 78 66 kD i
TARIEANE — AT A IEMT A, itk E A
g5y . AT ZE A AT, DEAS
TARiE S AR B (IR RS R (FE ) MR Ak bR, DA
P 1 K/ INKD) X EC AL, AERE S —
Bk, HE A VKIS ALTF 66 kD i RIS, @i
PEM LI R 45 RNl 62 kD, BEH]
ZAEHBY i 62 kD
2.4.6 HHUEABBIEEF R

SEBG AT HIESE T I EE FNRRERIEXT F. oxysporim
M1 & BRI o T X 2R R S AN E 8
FiEs , AR R 0 Rl i (B 8A) LA R B 11 il
X EE RS E PR (B 8B). & SEH 3 HE, W
I 8A HRT A, alifb i) 8 B AR S L Ry 40 °C,
70 °C BHISRELAT 50% 4645 IS

Kl 8B MR E M T, RAERTIR BT
YEL PRI N SR 120 min Jo A5 (A XS TG 77 MAET 8B
AAHL, FERESS0 °C MTEOL N SRR R E s T
JE>50 °C JE B e B WiRAL, {H 80 °C HIEFHI5A
FREA 35%MNE 1, ULBHIZER F R i A R A
Wi, Igbalsyah 22222 Eoraifl T e - 2 ffF i
(Geobacillus sp.) PLSA RITE FI, 4ifbfFEouk
118, HfEEEAE 60 °C BhkFHKEA, ATHT
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Figure 8 The optimum temperature (A) and its stability (B) of protease purified from Fusarium oxysporim M1 strain
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F. oxysporim M1 &5t A AR GF it H4: ,
KPR LA 7 P A T &9 7. Sun 2607
WS T IHE  BR TR 88 Y 2k B A ARt
PEAbI RS . R EERFR] 36 h, HI4h pH 5.0,
RIFREE 30 °C; RAIREDIIED: . B 252
PRI I e A58 29.6 kD W UANE I ; 7€ pH
6.0 1130 °C T HA—E 1Y pH Fo e PEFIAFR 2 1k 5
% iE M2 EDTA #0 i o ASLRAH, F
oxysporim M1 1L A5 EDTA (1 mol/L)#IJ
il DAL i b A Sy — RV A %) 28 1 BT A A 5
HF kA,

K19 2 F. oxysporim M1 & FI i pH LA K%
i) pH FRE VERFSE 25 R, & 5000 3 IR . A
9A FILUIEH, F. oxysporim M1 & AlHE pH hy
7.0, BT PEE A, # 9B ShixE pH e P
HEER, BV 120 min 2Z 5045 A AR R 1T,
LA, IXEEE pH 6.0—8.0 30 Bl N 44 AR I B
J1. MHZ T, F. oxysporim M1 FEERE I H
HEH, TR pH I Ay
3 i

I 2 FEMT4liAL T F. oxysporim M1 25 [,
Jr TR ELREE, AR A 4F . Chimbekujwo
APY%AY T B PR BCW2 RN, MR
68 kD, JUARMAMELAEECH 28%H 13.3 . F.
oxysporim M1 B [1lf§5rFHtlg /N, A 62 kD, H#
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P, UERHHEE R A B8z pH (EIE N A
8B FeuE M HT AT A, AR SR I B X TR E A
U, pH 3.0-5.0 JWFHIN, FREA<50%iEE; (HAE
pH 6.0-8.0 Y N 110 Fa & ;s pH 9.0-11.0 7
FEl BB A 2218 TR, (HAE pH 11.0 BFEGISRH
B 50%LA_ TG T o ULBIRER (T R A U, ]
XTI A2 77558 . Barata 25R7HFSE T AT AKX RS S
JHe B I 0 5 7 DR 22 24 R B e, Ay il
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TEVERH T feid pH{E N 8.0 A°47, EDTA X%
M TCINHIVER . AL F. oxysporim M1 2 [
N2 &R G EDTA 15200

ABIF ST AL ) RIS pH N 7.0, Sl RS
4140 °C; {H pH 9.0—-11.0 Y I BHEPESIRELERF 80%
PLE, M7E 40—-60 °C Z[AI¥{H4F>90% i
Juntunen 2PN ARSI J] 1 (Fusarium equiseti) 1 v,
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Figure 9 The optimum pH (A) and its stability to pH (B) of protease purified from Fusarium oxysporim M1
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M, MHELZ T, F. oxysporim M1 & BB 5214
BOR, T ARE A Y . AR AT R4
KigtERE, JFSIUMRDL A RCT M, H
HIZ TN AT . B8R, F. oxysporim M1 [
it 7 ) 5T o P B AR RS Ty 4 Bk HUAR
5381, F. oxysporim M1 B I HAT LA A H,
R R AR T T

FLRA 5 RIER AR EAE T, AREN
f AT REAC FEAE ), PR AV EAE R A A EE
IR E . Guleria 252V B4 25 AT 1 SPI
SE A by — S5t A S R, R IA
EAMZS S T RS WA EYBG. SP1 &
FIBEAE AL RGS 5.62 %, LR 607.69 U/mg,

XA T B AE KA I RIAE R . — M < BAE

KERMER, FEMLE &AM, F. oxysporim
M1 TR R iR T A 2 LA B8 Y T T RSk B H ™
AR EE, K, M1 ERE AR Atk "7l
A Ja X Fpe B AR O R AR . H ETXPR ]
ke ) TR 5 A TE R 2 AR B R AR MLELA A+ 03 B
#i. Pekkarinen VS KB, 51 AR ERR A H
AR AT RETE A AT WIS AR, Horh 25 F il
Al BESE K S W 2 11 T ) Bl o X AR S e Al
LBy F. oxysporim M1 & 1, dRSLAF5¢ HAERGK
P I AT BE S F 52 O R e A P LB AR 12 25 K
W, AT R R AT AE IR IG R R
PEOERL AR
4

AR T Fusarium oxysporim M1 25 i,
JEFSE T HE AR — LB, R E AR
A VEZ B pH M52k . % P2l o HAE
A BRI TR, RIS A R SRR
61 5 7 T 5 i DE R 2 FLAT R 0 < ELAE AL B AR T
At
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