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W E: ABROGERBAA LS BRI —HREBABEE” B-FHBETHBNTRERNERTAE
B Ak syzx4, 120 4ot 5 7 ik st LR B3 AR RS AT AL 2 B T 52 50 64 F sk B 4% A Plackett-Burman
RAT AR . RORAe AU HAT B B E M AT, BARAA s B-F AL TR s A
S IBAE A (TCS)>KH,PO,>% & 44 (SM)=(NH,),SO,. " 5 d 428 25 £ K A Z k3 Fr 4 TCS
25.72 g/L, SM 6.82 g/L, KH,PO, 1.90 g/L, (NH4),S0, 3.21 g/L, HE A sk R4 KE. £ 30°C A
Bt 8 d, B-#) Z) 4B B E T VAAF] 2.21 U/mL.

EHREE: TRLEH, B-AHBEH, BT NE syzxd, RAKEE LB (SmF), K @ 5k
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Production of B-glucosidase by a novel isolated strain
Tolypocladium cylindrosporum syzx4 and statistical
optimization of fermentation media
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Abstract: A novel fungus, named Tolypocladium cylindrosporum syzx4, which can efficiently produce
extracellular B-glucosidase, was isolated from naturally rotten corn stover. It is first time to report the
B-glucosidase produced by 7. cylindrosporum gams using agro-industrial residues in SmF. The fermen-
tation variables optimized by single-factor experiment approach were further optimized by statistical
optimization. Results of Plackett-Burman design indicated the evaluation of the medium components
could be ranked as: TCS>KH,PO,>SM=(NH,),SO,4. With the optimum medium, viz. TCS 25.72 g/L,
SM 6.82 g/L, KH,PO4 1.90 g/L and (NH,4),SO,4 3.21 g/L predicted by RSM model with others as the
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original, 2.21 U/mL B-glucosidase activity was obtained. The results suggest that the B-glucosidase can

be used for various biotechnological applications.

Keywords: Agro-industrial residues, B-Glucosidase, Tolypocladium cylindrosporum syzx4, Submerged

fermentations (SmF), Response surface methodology (RSM)

B-F 2 MEHF W (EC 3.2.1.21; B-D-KEE /K it i) 7
AT AP el 22 F R R R 4, BE MR IR JRME A
Ui ALK A B- 7 A T SR R B-D-HEI AW . AR 4
FWEAC L AR D, B 2 W R O i A A A
A 2 100 DGR, - 25 W Y i R 0 T Ak H]
WS R BLTE & RTA g, 78Uk, DLk
ARSI . HAT, BHAT B-7 A 0w LA
FIR) 3 500 ] A A 7 A 2o i, IR O LB Y Tl Ak
WA, FREDRRN KE, FAEEHA KRN TARIE
BE, CEEERMY | RTEAE  BRL AR R TS 75 0
A AR T A1

KT £ R T AR e S A R SR R RO AE R —
il + 8 A= T E AT IS, OF R R AR A T i —
T & G SR8 7 i Y, H RS B 6 TR AR A 35
B 0 FH T2 2 2l A A rh 4G

AR 58 R SR I 2 ) TR FE AT e 208 L i ik 1)
—RBE R R P AN B AT I TE AR, AT
HiTg syzx4, FEBFIEAE T A R A TCHL S 11
R HR AR TR Z K I (SmF) i 15 37 35 . 78 5 7 S2 56 1
b & eI . A IRAY LR B, i Plackett-Burman
WS g0 I T 7 A R G TR, R0 A
N T — 2B RS, 15 B ARG B A il
e AE = R R BC L, S U PRARAE B~ A W Al S
BR e = RS 4
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1.1 ##

111 iR L r b 2A R L T Sigma, T
AV R} H 5 MR R 2 BEAT RS R AL

1.1.2 R8I %&: mIVEIRET IS4 SKP-01 (H1dL4
AW EYT A, T EWIA), e TAER
VS-1300-U (FritiE il 2484w, i), $4ha) sy
JEHEETE 752 (LA A R, T E L),
SKPC-01 H #1383 3l XU 40 (b 4 o8 44 T =7
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PRIR)T), MDF-492 BB IGIR VKA (H A =¥ ), A
PR O 2% (T2 E Eppendorf 23 F]) 45
1.1.3 B3 E(g/L): 44 s SRt i
2.5, 4 — B 2.5, A 2.5, (NHy),.S0, 1,
KH,PO, 0.5, MgSO, 0.2, LM 1, BiflEk 20, K
DL A DB TR 1)y A i B e s YR 22 R A Uk B Ny
0.3%,
1.2 KWHE
1.2.1 EHRASBHE: LR SN R IR AT
(4 T K Hh O e A5 21 114 . 7 250 mL B9 EERR, T
B L/ INE I T R 1 T KRS AR A RN 2 9 7 10 B 3
TR, FEIRYRFE A FE 2R, N AGE BT 4 T
30 °C. 130 r/min Z5F355% 5 do B0 B WAL BE
B, B 107100 5 74 REURG J8 0 VA A1 21 07 1k P-4, ok
R 57 Ja Bh s th HE 037 W Bl 5 T VR AR L E R
MO T%, Pl T4F 4k B S5 973, 30 °C IR E;
7 5d, 12 000xg. 4 °C B5.0> 10 min, B E B-
AP K S e
1.2.2 EHRETE: WHRESHS FAYFEET R
P L TR A ) AR o S
1.2.3 EFEFRBIAIE: TR E & D& 3k
(WB). S48 E KFEFF(TCS) . KA E K F5FF
(UTCS). #(DDG). FEKHK(CSL). GH(SM)FIE
DER (BCP) R & MROBRARE 228 B HRAEE o330 6 JrURb L
TRy, 3 0.355 mm (45 BB IS4 .
1.2.4 AN FE &M BT T 5 L 0 I
(g/L): BRI 20, AR 5, Mandels 275300, 1x10° Pa
1o TR 275K 30 min, #5H

T B A % RARIERD T PDA R, 30 °C
Fide 5 d i =445, {1 0.85%1JC I NaCl oft
VRIS, HERRARAR L 0.5% 828, 30 °C.
120 r/min $55% 8 d Ji, &0 BT I % BTG 1T
1.2.5 BEIENMET E: P-4 01 BEE PRI E R
A pNPG LIS, 1 ANEEE M AL (U)E SH
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SEHS ST RS AR 3 R 1 pumol Xof i 2
AT FE 11 il 2

1.2.6 FFEMATIGIT: (1) LB FRRERK . A
B R TAER WB, TCS, UTCS. WS,
DDG. CSL. SM. BCP {ENFfFiksE I 541 5, *F B-
AP RO . BRI T O %

(2) Plackett-Burman SZ50i531: i id Plackett-
Burman 256 1% 3OSk RST 7 FRHR[TCS. SM,
KH,PO, . (NH4),SO, . CaCl, ., MgSO,7H,0
(HoN),COTX B BE =B 152, & 1 /i T 845
B fe i AR ARE, B SECE I RS 50
2.0 f5", 3 2 ARSI I SRR T R, #rh
Sy ME -1 Fi+1 FoR S KF . 78 12 407470
hiA 8 NAIAESEL, RS 1. J MK, HIRVE
fl LI bR AE IR 25 .

(3) M L I 3 AT A (RSM): Bl SE 1 XF B~ 4
TEEE A B E WA RS, & T L TCS.SM.,
KH,PO, FI(NH4),S0, 4 FZ 5 KP4 4505
3¢ 2 TR F AR 1 G A 17 1 B H G A

(4) Geitsrtr: SAS #fF(8.0 R, SAS Institute
Inc., USA)FI Matlab #%f4:(Version 8.0 by SAS Insti-
tute Inc., USA)43 73l FH e X T A5 2504k 2547 [l 051 A [
I3 o

% 1 Plackett-Burman 32551& i1 51 BY & F 7K FF4RH5 R

Table 1 Level and code of variables chosen of
Plackett-Burman design experiments

AT
S5 Variable levels
Independent KK E7K
Low level (—1) High level (+1)

A Microelement solution (uL) 100.0 200.0
B TCS (g/L) 20.0 40.0
C SM(g/L) 5.0 10.0
D KH,PO, (g/L) 1.4 2.8
E CaCl, (g/L) 2.0 4.0
F  (H,N),CO (g/L) 0.4 0.8
G MgSO, 7TH,0 (g/L) 0.3 0.6
H (NH.),SOs (g/L) 3.5 7.0
I Dummy variable = =
J Dummy variable - -
K Dummy variable = -

F2 HFUOHEEGRITEE

TENERAME/NE
Table 2 Maximum and minimum levels of the variables
used in the central composite experimental design

n 5 HK P
Ind ; efdent Variable levels
=2 -1 0 1 2
X1 TCS (g/L) 10.0 20.0 30.0 40.0 50.0
X2 SM (g/L) 2.5 5.0 7.5 10.0 12.5
X3 KH,PO, (g/L) 1.0 1.5 2.0 2.5 3.0
X4 (NH4),SO4 (g/L) 2.0 3.5 5.0 6.5 8.0
2 HRG4W

21 HEMMISEBELETE

BB B SF AR 3 200 A4 P 2355 B P8 R B
FL BRI TRV, PRI K LB 4 #R (syzx 1. syzx
2. syzx 3 fil syzx 4), 43 5H HEF 2 — 055 S 5 R 5t
i, WBRIEFRE 0 BN RS 1 50 1.06
1.24, 1.35 1 1.48 U/mL.

¥ syzx4 7F PDA K593 IR 9% 3 d /R T IES
WEL, syzxd VK LI GO L ERE R 5 LB
o WHOES WS WoR W 250 HIEK, A4
THER, SRR, Mk s AR o A SRR, AE
LT b R BUERZE . XHZ B R 1TS okt T
WE, A H] GenBank ¥R EE, BRES N
GU244350, JEA2AAITS 7500 M £ M syzx4 76 &
GkE¥ RESHRENEATSE, CaRkBR
DT B A ) R O S R, B R 1) R G
54 CCTCC M 209312,
22 BREFIREMAK. RIR

TEIX T BN IR L8 iR A = i & e ad
FE, BRVE AR B 2 = A e R AR R B
JURh T E R, WB, TCS. UTCS f1 WS #iH
fERRIR, CSL. DDG. SM #il BCP ¥ FH/E R, T -
IR G R e FRUE T A, SEIAE R LR 3,

MBS, TCS J& i ik . TCS 2S48
R Es, HPEAMIT: F4EE 49.5%, KEE
28.6%, V-LFYEE 8.6%, HiZME 0.6%, H'E 12.1%.
5 H WA, 0.6% 1) 4 4 LA K g A 1 285 F 21
RS A TR AR WA . ARXT B~ 2 0 11 A
P R E B A VR, SM M 37 R - 2 0 A T
MR 2.075 UmL, X5 SM e & it o R M4k
HREYRPERKIKR
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Table 3 Effect of different carbon sources on enzyme
activity and cell weight of yeast

HEF AR5 Wi
Source Enzyme activity (U/mL)

k5 Carbon source

WB 1.035

TCS 1.716

UTCS 1.353

WS 1.146
25 Nitrogen sources

CSL 1.186

DDG 1.439

SM 2.075

BCP 1.597

23 B-HBEEEISEZWEFIEN

IR 1 45 A B U, ad SAS BiFicit
[ Plackett-Burman SE90EA T & i, 15 3 & WA 1) it
WS WER 4, i SAS X EAE TG, 155

) — R IR
¥=2.030 25+0.004 0834+0.049 0835+0.004 75C+

0.005 417D+0.002 75E+0.002 083F—
0.002 083G+ 0.004 75H (1)

— R ZT A A R B RME N 0.996 3, [1]
VSABERUH 56 E t 25h B 3 (P<0.05) o X S8 25 L R 1A 1%
FARIf# BT Plackett-Burman 3256 7 99.6% ) (¥
DI ZE AR, RATESE B, C. D M HX 4 MR E,
It A B E HAE SmF 35 5% 5 v i S i

550 T AE 90%M B A5 X H) AR 5 ¢ Ky
g5 5L, FHIAE Plackett-Burman 15 11T i 1 1 48 1
B. C. D Fl H X -7 % b5 1 g i HAT IE I 5200
Hrfr B (P<0.01)/&XT B-i) 4 b 11 By~ 2t B A IE WY
M (14) S5 B L P PR - H B ARt e 0 3-8 2 M T Tl
R K/ MR HET 8 B>D>C=H>4>E>F>G.,

=4 U p-BEIEFEEERMEAISFRE Plackett-Burman 3238 1% 1145 R
Results of Plackett-Burman design experiments with B-glucosidase activity as responses
S HE A5 Variables -
Run A B C D E F G H I J K Enzyme activity (U/mL)
1 1 =i 1 -1 —1 5 1 1 1 =l 1 1.979
2 1 1 -1 1 -1 =il =il 1 1 1 =il 2.084
3 =l 1 1 ~ 1 =i =l -1 1 1 1 2.068
4 1 =l 1 1 -1 1 -1 -1 -1 1 1 1.993
5 1 1 =1 1 1 =i 1 -1 =i =i 1 2.080
6 1 1 1 -1 1 1 =l 1 =i =i =l 2.099
7 -1 1 1 1 -1 1 1 -1 1 -1 -1 2.077
8 =il =i 1 1 1 =i 1 1 =i 1 =il 1.994
9 =l =i -1 1 1 1 =l 1 1 =i 1 1.986
10 1 -1 -1 -1 1 1 1 -1 1 1 -1 1.971
11 =il 1 -1 -1 -1 1 1 1 =i 1 1 2.068

%< 5 Plackett-Burman i1 & EES KM -0 o TR

Table S Regression analysis and #-test of the Plackett-Burman design experiments
AR b - ' AR b -
Vaiafles Eiﬁte t-:/ﬁle Peotd i Vaiafles Eiﬁte t-i/fie Pt

A 0.008 167 2.298 840 0.105 100 i G —0.004 170 —-1.172 880 0.325 499
B 0.098 167 27.633 000 0.000 104 H 0.009 500 2.674 161 0.075 423
C 0.009 500 2.674 161 0.075 423 1 = = =

D 0.010 833 3.049 482 0.055 451 J = = =

E 0.005 500 1.548 198 0.219 328 K - = =

F 0.004 167 1.172 878 0.325 499

Note: P=Pr>[t.
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24 HOHBRITEMRKERE
DA Plackett-Burman % i35 145 5% 364, B C.
D. H Wyl SRR R R 3 S 7. K
T 2H 0 1) e 15 i A HUTE Plackett-Burman ¥ 71
RN AR . IR dmAs (i . SEI0 2 HEFn 4G
W 6,
IR 6 ML ARG RIHR B-H A 0E i AIiX 3
AR 2 0] 6 R W 2 TR R
Y=2.072 13-0.083 944X1-0.047 092.X2+
0.046 804X3—0.181 353X4-0.198 761.X1%—
0.004 131.X1X2—0.006 139X1X3+
0.072 039X1X4—0.093 566X2°~0.002 169X2X3+
0.004 159X2.X4—0.064 808X3*+0.020 813X3X4—
0.087 4494 (2)
Ak Y AR B A BT, X1, X2, X3
A X4 4 FoR AR & B, C. D Fl H B 4Ri51E.
7 B0 T I SE A B R RRE X R S0 B

e

T T 7 E W T LIRS, ISE A5 3
ARSI ] 0 8 5 P<0.01, JHLATEMY [ IR R 405
JER) R*H R 0.929 5, X F R (Q) R AR E
A TR R B R . AR ST AR f ) TCS (X1).
(NH,),S0, (X4) M-l 23, H P {H(<0.01)5 51
47 0.000 827 1 0.000 1, SM (X2)F1 KH,PO, (X3)
(P<0.05)1y52 M i 25 o 7E IR B, XIx X1, X2xX2
X3xX3 I XdxX4 HA B EH 0w, H PEH<0.01)5 518
0.000 1. 0.000 1. 0.002 257 #1 0.000 125, TCS (X1).
(NH4)2SO, (X4)FT B~ 25 b 11 Bl 0% M =2 1] 1) 4 1k
TR RAAR B, KUK 2 AR B-H
HEH RIS R M, WA AR
REONA G2 X a2k HL 2 W AR o 5w i /22 0] AN
SRR B R M B RO R R, AT Z B 22 BAE
AR %,

x6 HFULHASRIEEHARRER

Table 6 Experimental design and results of the central composite design (CCD)

Run X X X3 X Enzyme E%iijtjy (U/mL) i s X X2 X3 X Enzyme E{it(f/fy (U/mL)
1 -1 -1 =l =l 2.091 82 I 19 0 =2 0 0 1.803 09
2 -1 -1 =l 1 1.502 51 20 0 2 0 0 1.585 26
3 -1 -1 1 ~ 1 2.011 80 21 0 0 =2 0 1.664 70
4 -1 -1 1 1 1.654 02 22 0 0 2 0 1.953 72
5 -1 1 =l =l 1.927 93 23 0 0 0 =2 2.082 54
6 -1 1 =l 1 1.419 90 24 0 0 0 2 1.354 75
7 -1 1 1 =l 2.083 86 25 0 0 0 0 2.075 09
8 -1 1 1 1 1.514 22 26 0 0 0 0 2.036 48
9 1 -1 =l =l 1.595 95 27 0 0 0 0 2.087 32
10 1 -1 =l 1 1.35593 28 0 0 0 0 2.069 21
11 1 -1 1 =l 1.732 50 29 0 0 0 0 2.071 79
12 1 -1 1 1 1.437 88 30 0 0 0 0 2.072 96
13 1 1 =l =l 1.573 03 31 0 0 0 0 2.071 79
14 1 1 =l 1 1.295 43 32 0 0 0 0 2.079 16
15 1 1 1 =l 1.466 69 33 0 0 0 0 2.073 38
16 1 1 1 1 1.406 78 34 0 0 0 0 2.072 31
17 =2 0 0 0 1.191 60 35 0 0 0 0 2.078 10
18 2 0 0 0 1.355 19 36 0 0 0 0 2.077 96
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Table 7 ANOVA results and regression coefficients of response surface quadratic model for p-glucosidase activity

Source DF SS MS F-value Pr>F
X1 1 0.169 120 0.169 120 15.203 100 0.000 827
X2 1 0.053 224 0.053 224 4.784 623 0.040 169
X3 1 0.052 574 0.052 574 4.726 153 0.041 288
X4 1 0.789 333 0.789 333 70.957 430 0.000 100

XIxX1 1 1.264 193 1.264 193 113.645 200 0.000 100

X1xX2 1 0.000 273 0.000 273 0.024 550 0.876 991

X1xX3 1 0.000 603 0.000 603 0.054 215 0.818 139

X1xX4 1 0.083 033 0.083 033 7.464 267 0.012 488

X2xX2 1 0.280 147 0.280 147 25.183 910 0.000 100

X2xX3 1 0.000 075 0.000 075 0.006 769 0.935 210

X2xX4 1 0.000 277 0.000 277 0.024 879 0.876 176

X3xX3 1 0.134 401 0.134 401 12.082 040 0.002 257

X3xX4 1 0.006 931 0.006 931 0.623 079 0.438 728

X4xX4 1 0.244 717 0.244 717 21.998 970 0.000 125

Model 14 3.078 900 0.219 921 19.769 940 0.000 100

Linear 4 1.064 251 0.266 063 23.917 830 0.000 100

Quadratic 4 1.923 457 0.480 864 43.227 530 0.000 100
Cross Product 6 0.091 192 0.015 199 1.366 293 0.273 541
Error 21 0.233 605 0.011 124
Total 35 3.312 505

Note: P=Pr>F; DF=Degree of freedom; SS=Sum of squares; MS=Mean square.

hy B AR AR e 2 (R AT 06 2R R e P A e -
250 S PR R B AR B OK P, RATTH Matlab
R2008a {1 T = 2k M 7 1617 11 4 R A5 1 4k (5]

Bl 1878 T TCS (X1)F1 SM (X2)X -7 26 A 1
MG e s . R 1 ATAE Y SM (X2)¥k IR
BF, B TCS (X1 B2 38 i, B0 28 1T S M SE R
FETHERIE T, SM(X2) ¥ B 7 45 g 7K P R SR
I, BRI, TCS (X1)F1 SM (X2) 22 [8] fl 4 B4 FH AT 2.
W&o 3 H, H Matlab #X{:f) Meshgrid PR T 2
TNEARAS 2.086 5 U/mL -7 2 M1 Wi 1% 1 0 A fE e
N 25.718 g/L TCS Hil 6.8224 g/L SM.,,

K 2442 T B TCS (X1)FI(NH,),SO4 (X4)%} B-
R 2 AR BTG P 2 M %) = e e T RN A R AR
B8, X TCS (XIEHRAT, B- 250 g 1 14 Bl
(NH4),SO4 (XA(E BT R w2 T, 124 TCS (X1)
R S AT, B 2 W 7 1 7% 1 Bl (N HL ), SOy (X4)E Y

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

TR R T . TCS (X1)F1(NH,),S0, (X4)
5 ZL AR EAE IR AL S8 A e R B, o mT
DA DA 37 T 56 v 2l v B i ok

B 1 Y=AX1,X2)H0E R EFE 5 2k 55 B

Fig. 1 Y=f(X1, X2) of responsive surfaces and contours
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Fig. 2

Y=f(X1, X4) of responsive surfaces and contours
il SAS RSREG 3K fift45 3 B~ 4 b 11 g 4 19
(R e A FR R . TCS 25.72 g/L, SM 6.82 g/L,
KH,PO, 1.90 g/L, (NH,),SO, 3.21 g/L, HEH /%
FIFARVR B o SRR IR L 1000 % AR = 1Y B A
HBES F1° 2.209 U/mL,

Shy Ry B ASE Y () R AT, A SR Y B A A
HEAT T 3 WAFAT SR, PR J1 8 2.21 U/mL, i
DA 5 SC B AR W) 7, RS TR T AR A5 1 2 &
B R AR, SCIR AR Tk A BB S %
il

3 4k

RS2 30 DB T 1) B R R 8 A 380 4 6 5
5 syzx4 AR, I E UCOR LR E R AR N FRTE B
HIWETT MR WAy i B TR TS ik 1R[]
() T b I REAE Sk ik V50 S0 1) S Atk L, B¢
TISE R A 35 IR AL vk B 15 B A RS 3R 3 i
AR R : TCS 25.72 g/L, SM 6.82 g/L, KH,PO,
1.90 g/L, (NH,),SO4 3.21 g/L, FH&RME45 5 ih vk
£, 30 °C &M F TR KB 8 d J5 155 B-H 45 b
TBEE M 2.21 U/mL, J0Ab, BT TR R R I
W, syzx4 AR BTAE 772 1 B 2 0 T LA AR
B, KSR A DR LT 2 2R T ) P — A A A BRI
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