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Optimization of culture condition of Metarhizium anisopliae for
destruxin A production by response surface methodology

ZHANG Gongying, YANG Hua, DONG Lihong, WAN Shuqing
(College of Agriculture, South China Agricultural University/Key Laboratory of Natural Pesticide and
Chemical Biology, Ministry of Education, Guangzhou 510642, China)

Abstract: [Objective] To raise the destruxin A production of Metarhizium anisopliae by optimizing culture
conditions of liquid fermentation. [ Method] Experiments were designed by response surface methodology
(RSM). The key factors affecting the liquid fermentation were screened by Plackett-Burman design and central
composite design. [Result] A model with high fitting degree and small error was obtained. The optimum
culture condition of this model was 22.7 g-L ™' sucrose, 13.4 g-L' peptone and 9.70 d for fermentation. The
maximum predicted concentration of destruxin A was 6.90 ug-mL"', while the actual measured concentration
was 6.89 ug-mL™". [Conclusion] The results can provide a theoretical basis for large-scale fermentation of M.
anisopliae and production of crude toxin, which can potentially enable the widespread development and

application of crude toxin.
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TE SR A T A2 e 27 26 1A ok R v 2 T 1) B 1 2 T LA
g B R AE T, it DA R 5% 5 S AR R I 0% )
YIS, H A, [ P SRR B R 7T 3 B
TEEE KR K& R 7, SRR SR
BB R RA L. 2 PIML T SR
B AR R B R 7R 5, DL 500 g [ 4R35 953 400 mL
IKJE KB, SRR B = i B e, TAE) 8.11x10° g '
VFR 2O AL 4 1 SR T [ 900 0URE R T 4 A
J&i, 15 BOE G 1 3G 75 5L, TR AR B IR o A 7
ILF) 430x10° L, W22 AEKRIAF] 5.99 g L' [l {4k
RIS, R R AN T I B R TE, ¥ gk 7d 1™
EAIA 16.10 mg-g ' 385 SHEH 2 2 RAK 2
B IR AN A, B AR SAE B  B R OK TEAR
th REER SRR EREA R CEEY. K
%A A R I V4 T A LR 4 R T 3R A SR T R 7
F, PRI 20 B HoR 2 3 R R 5 2 Fh st E
F, AT A AR OGS HE IR 1S SR A 1R 25 4 B

M 7 T v 2 A 36 B T E 5 B AR R A ok
1 — P B8 B TR Ak T v, Ik SRR R R AT AR
AR, FRAT B A0 E A, JE13 31 % B3R 1) el
B e B A AT I D W A, RES TR
I AIF 9 22 4N TR 26 T 1) 58 AR F A5 AR p, EFE TRE L
B A ) O T L ) TR R AR AT AR B T iz
FHUT o AR 56 ) FH o 7 T 248 28 SR AR R T H 2K 1
BRIk, DR s B = &, ARERE RN
TER AN FH B35 kA o
1 MRERE
11w

ST AHMBE T FE R M25, RE T KAl R#
Wt FE B MOl AR 4 2% BRI L AT B

G A L R4 1100( 224848 A 7)) SW-CJ-
IBU % TAE G (N R B SEARGRAF);
DHZ-D BE IR IR % #5 (K58 %) ); HVE-
50 Y K B A (H A bR 22+ i AE B s
1702-MP8 Z! Hi K1 (f [ Startorius A F]) o

BRI, S5 WS AR LA B S A IR TE A 77
1.2 7%
12.1 8@ F Arefkid)  #EFRFRE 10.00 mg

SHEE R A MER, HEE O ZEBER BRE
100 mL A&, HEWE L e w22 E, iE K
100 pg-mL ' ZHE R A bRt il 20, & H o
122 %BHE ANRIGE SEER A MR
i) £ 2 BROSCRR[ 14100 7 7%, 4 S A v R T dt 47
Z IR EAIE, K UEW pH T E 2~4, H5EAER
FIREB) (AR 58): (R TR)=1:1 VR 2147
A, FEBEAI 3 UK, BERALEN 2 ho ¥ BB HAH
HUAHT 50 'C 2 T ek 78 Kk, 1381 3
P FH BT R, 76 50 C 24 Pt TSRS R
123 #%feiE AwSs KRB &SR
P i 2 S R RE IR, 1L 0.45 um FIVERR, SR 7E
RO L (HPLC) X i T % e . (il k5
% Hu 2 7% Agilent ZORBAX SB-C18 i
34 (5 pm, 4.6x250 mm), WEITH N V(&
Ji5): V(7K)=45:55, i3 1 mL-min', BEAE & 25 uL,
WA 25 °C, Bl K 215 nm.
1.2.4 R ZERI&E  EEEER (C J5). pH. iR
. BEFR I [H] BTl R AR (N VR, Rl 2R
H MMM RER R A P EIE R TR E R
Wit
1.2.5 Plackett-Burman X %%+ 75K ik
Wit FERE F, WA Plackett-Burman 1856 1% 11 €
S SHE B PR R I OCEER R  ARE I 2 R
5€ Plackett-Burman R385 11/ K & I KF (58 1),
AR 2 MKCE, GFEEIEE.
1.2.6 v &P AA Rt LR R RIRE
Bk g RO, 0 G B DR 2% R o IR R R
B 50 R 2 1R S0 AR R, 1) P e 2 D HH 0 2H A R R
Wit JFH, DIGHERE 2 A FURIRE N NAE, )it
3 RIER 3 7K S TR S (R 2).
1.3 #HiENE

VL BRI E R 3 K, W56 B K Mic-
rosoft Excel 2016 EAT AL, m 3 TR 56 A v Fi i i
113 MK H Design-Expert 8.0 3K

# 1 Plackett-Burman {30 & i+ E KTk
Tab.1 Factors and levels of Plackett-Burman design

FSfES
K pUERE)/ . e/ p(FRANR)Y R a1 P(B-TNRIR)
o pH 0/ C . ty/d o 5 o
(g'L) (rmin”) (gl) (mL-L™) (g'L)
-1 5 5 24 140 6 5 200 1
1 25 10 32 220 11 20 500 2
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Tab.2 Factors and levels of central composite design

K=
pURERE/ (g L™ pCEEND/(EL)  typ/d
-1 15 5 7
0 20 10 9
1 25 15 11

2 GRG0

2.1 FIEEE A fRErhLk

KRR A& BMBER 0.5, 1.0, 2.5,
5.0 A1 10.0 pg-mL™" RAIBRAERR, &8T5 E b A%
PR E o ZRAETH A FRAE G AR B HPLC 3 &
W 1. UGB AR, SHEH R A TIRKE
RS AL AR, ST AR HE 2R, 15 B LM [EE T R y=
27.046x-8.328, RhiE REUHN 0.993.

[ bRMES,
o 25+
E 20
@ 15+
B 10+
Z st
0 A
4 6 8 10 12 14
t/min
=)
<
£
o
E
10 12 14
t/min

1 ZREER A nEMRF%EE HPLC &iLE
Fig.1 HPLC chromatogram of destruxin A standard
substance and fermentation broth

22 BRERFRAWERSSF

TRE B g S R T 1) A K B SR R, 2 XA [A]
REWE & B SRE T R A PR R AR, R0 45
2a, REBEFERIKELE 0~20 g L' B, B RE B BT
WS, B e B = A MR EIRER .
MEERE N 20 g L7 I, SRR B R A B E IR AR
BNE (6.48 pg'mL ™). Z G 4MEE R A I RER
o M O AR PR M AT R B

pH X SR BE W = 8 &= A sz WA 2b, 18
pH=7 B, SHE &= A 1077 d e, R IRE IS
6.32 ng-mL™'; /£ pH=8 I}, SHEHE &= A JAZIRE N
6.19 ug-mL', EL7E pH=7 %/F FHSMK. 24 pH WK

BB, SR R A B =2 . B, SHE
W= EER A EE pH N 7.

TR EXT BT~ SE R A 520 WK 2¢, IR
FETE 24~28 C &M F, SHMEE R A FIREIKRERE
BFETmmsgn, W T 28 C, HMEE R AR
W TR 7528 C B AHMBR R A EIRE B R
5 (6.29 ng-mL"); 30 C BF4REH R A FiikE N
6.11 pg'mL s HARTREE FIMKT 6.00 pgrmL '

O B e B R A B L 24,
MEETEAE 140~220 r-min~' I, B & BV o (1 1
I, SRR R A MR EIWREEIE K, 2R IR 5
N 220 rmin ', SREEE R A PIREIKEROK, L F
6.45 ug'mL ',

R TR I} (A0 SRAB R 7 SRR B R A 52
UL 2e, TERTERH Y, SHEE R A MRRIRE S
FMESE NS . RI%6~9d, SHERH R
A TR B e BT R A KT AN TR K. 7SR 9 R
K F KM (6.51 pgrmL"); 757 810 F1 11 R I#)
R AN 6.11.6.34 F11 6.29 pg-mL ™' s 4R
FERER A B AERIERE IR 9 d.

HAKRS EXN BB FERHE AW
SN WL 2f, B R SRR B TE 5~10 gL B, BEAE
AR IR EE 3G IR B R A 1 B IR Y
e fFEE AR EREN 10 g L' B, SHMEHE R
A TR R Bk B B KAH (6.33 pg-mL ™), 758 Ak
JRERWE N 15 F120 g L' i, SHEE R A MR
WSy AN 6.24 A1 6.18 ug-mL ',

R R R IR B B R R AR S E R R
A sz WL 2g, 25 R EoR, M 1L =M, 2
A 300 mL KEF, SERFE A BRERERK,
9635 pgmL ™, fEHAMBEHEZMT, HEFE R A
JREWE /T 6.00 ng-mL s [l 25 255 W 118
SRS, AT SHE R RS BRI .

QIR AR P =SB R 3 A 2 LI 2h,
3 FERIERR T f— TR R R X L Bk SR T 4 b kA T
R A MR T, SHEE R A TUEIRE N 646 pgrmL
WINH R AR, SHMEBH R A N =R S
5N 6.21 Fi1 6.04 pg-mL"

2.3 Plackett-Burman iR KITERS O

Plackett-Burman #0565 1% 11K FH N=12 F1& 1
o T 1 AR R GERE S EH R A .
A 3NEMEFE R, HR 8 ANH R AR &R
pH. W 55 R0 ), RGBT R IR E L 2R
B.A-HNEAMRBEIRE. KGR LE 3. FIH
Design-Expert #{F 204 2847 4b B2 A0 538 14 4 17 .
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Fig. 2 Effects of different factors on the production of destruxin A
%= 3 Plackett-Burman iRI&i% i+ K45 R
Tab.3 Plackett-Burman design and results
i 2 (R # R KT P(HBH FEA)/ (ug'mL™)
REFETEIREE pH IR Bl BEFRRTE ORI dafE f-NEREIRE  SbRME FiE
1 1 -1 1 1 -1 1 1 1 5.26 4.92
2 -1 I -1 1 1 -1 1 1 3.54 3.08
3 -1 -1 -1 -1 -1 -1 -1 -1 2.26 1.92
4 1 -1 1 1 1 -1 -1 -1 4.93 4.92
5 1 I -1 1 1 1 -1 -1 6.55 6.56
6 -1 -1 -1 1 -1 1 1 -1 2.99 3.33
7 1 -1 -1 -1 1 -1 1 1 3.81 427
8 -1 -1 I -1 1 1 -1 1 491 4.80
9 -1 1 1 -1 1 1 1 -1 2.94 3.05
10 -1 1 1 1 -1 -1 -1 1 1.88 2.34
11 1 I -1 - -1 1 -1 1 5.17 5.16
12 1 1 I -1 -1 -1 1 -1 1.89 1.78

M3 4 AT LAE Y, JERE T UK B2 B FR N [R) A0 22
JR TR BN SR AR B 7 B R A KIS IR RO
(P<0.05), FoTRRME 7> 8 27.30%, 17.27% F1 29.88%.
24 MEEFOCHESRITERS T
B 4 TN, RERE . S R 0T B R B A RS SRS
[ X AR 7 JE 3R A KR IR 1 2 25 j i I8 1,
http://xuebao.scau.edu.cn

PR AT O A G IR W, Bt RN 5. 3K
15 ZRANA A VH 7 A5 y=6.40+0.36x,+0.93x,+0.35x;5+
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& 4 Plackett-Burman iR S E DT F 6 MEmERFESH
Tab.4 Variance analysis of Plackett-Burman design Tab. 6 Variance analysis of response surface model
K& A o PY DUHRME/% HEEM KR PR ABE B F P
TERE R 1.52 20.56 0.0201° 27.30 2 R 27.44 9 3.05 70.20 <0.000 1"
pH -0.37 1.19 03545 1.8 8 A 1.74 1 1.74 40.02 <0.00017
B —0.42 157 02992  2.08 7 B 11.92 1 11.92 27451 <0.000 1"
L2 0.70 433 01290 5.74 5 C 1.65 1 1.65 38.06 0.0001"
pre A ] 1.21 13.01 0.0366 17.27 3 AB 0.13 1 0.13 299  0.1142
EAFRERE 159 2251 00178 29.88 1 AC  3.20x10° 1 3.20x10°  0.07  0.7916
B -0.88 691 00784 9.17 4 BC  5.00x10° 1 5.00x10° 1.15x10° 0973 6
B-NRBRFEIKRE 050 225 02302 2.99 6 A’ 3.52 1 3.52 80.96 <0.0001"
1) “*” &7 B EH Pk 2 EKFEP<0.05, 1 H%) B’ 5.25 1 5.25 120.87 <0.000 1™
. . (oh 5.56 1 556  128.06 <0.0001"
#z5 WMNEmHAOAEGRITRER .
. . k2 0.43 10 0.04
Tab.5 Central composite design and results
— RAUITT0.36 5 0.07 475  0.056 1
o p(FERA)/ .
(EVIY S S (ugmL ) aiR7ZE 0.08 5 0.02
e 5 - :
COmHE EAMRE R BE 2787 19
1 1 -1 -1 352 3.60 By xR RIAAR R F KT (P<0.001, i Er); R*=0.984,
2 —
2 1 0 1 443 434 R4q=0.970 4
3 -1 1 -1 4.57 480 C? 6 T H P<0.000 1, B & & 21k .
4 ~1.682 0 0 459440 I Design-Expert8.0 #fF 4 A AB.
5 -1 1 1 539 545 . o
AC F1 BC 58 F.T0 {1 45 vy £ B A )52 o P (3
6 0 0 0 6.55  6.40
7 | 1 1 330 3.18 a: MR
' ' T.7.0
8 0 -1.682 0 3.13  3.12 —g 65
=11}
9 0 0 0 6.54  6.40 =60
25.5 e
10 0 0 0 635  6.40 4 5.0
11 1 1 | 620  6.46 ﬁig B
12 0 0 1.682 545 523 <
13 0 0 0 631 640 5 . 25
/ 2\ ;L:f\\
14 1.682 0 0 562 5.60 Wy 19 e
ey ? 57 V1 G
15 1 1 -1 584 573 J
b: 3
16 0 1.682 0 6.46  6.26
17 0 0 0 626  6.40
18 0 0 0 634 640 T
19 0 0 ~1.682 404 3.85 g
20 . . 1 359 4.06 o
H
QU

f R FUTH P=0.056 1>0.05, AS 525 B P<0.000 1,
2 0 BT 15 4 ALk B L 2 KT . AR AR IE e R
H(R?q) 9 0.970 4, BETZARL R BEfRRE 97.04% [ 15 17 19 21 2 2

p (FER/(g L)
al W AR . R i e 2R F 2y >k AH 1% f
AR B HIRE (R 7y 0.984 4, R 3 RS EE BN A
TP A FE R i 38 vk 22/, A DL 56 45 SR k4T

Fig.3 Response surface and contour of interaction

TERA TR AL 43 #r o FEREAY R AVBLCLV AL B K between sucrose and peptone contents
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Fig.4 Response surface and contour of interaction
between sucrose content and fermentation time
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Fig.5 Response surface and contour of interaction
between peptone content and fermentation time
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[AEAERE HAEH o
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FHERAE S RL [ 5 5 FE AT RRNTT, 159 Hh SRR 77
Z Ak BERE (CYR) N 227 gL VEAKF (N A
13.4 gL FIEFFRIT ] 9.70 d, SHER R A B
WPEEN 6.90 pg-mL "o 5 BB SEBRERAE S5 1, H et
J5 S RERE (C ¥5)23.0 g- L' B AW (N J5)
13.0 g-L™' A5 FEME] 9.50 d, IRIGEE 3 k. MH
TS I 7 RIGFRGE R, R RERE R A frik
M HEINFERHE A REREFHEN
6.89 ug-mL ", S HEIAFUINME TG B3 22 %

3 WS

SRR WA SR T R A R L BRSO
TG I A — 2 I 25 B 1, X 5] S R R %
BRI ) p—UE M R B P AR AT /R U e T
YRR I J6 o W BRI B /)N B o 3 S5 T
M) V-ATPases [l 7107,

Wi 7 T VA N — PR B B H ek 7 v, S5 1E5E
I AH B, AT Rk D> 56 o 8 HoAk B8 Bk BN &
H, geg [ A 2 AR B BAER, 25z
I8 FH T A 0 e 5 A B A S5 80 . 5k el
SO F e S THVE DAY, T 4 f - AR B A R I
FraRAE, B IR AR N SR EIL 6.94x10°g .
RALAECIN F e S TR T et SR TR K
Pk IRt I R B W A RIS 16.52 g LY HUiR
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L 6.89 pg-mL !, ELACAL AT B R R A 7=
A 8% UL b lEIENN, BRI ER N
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