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1.1 #R5iF

L1100 B A B A 25 (G SR H) B (Moesziomyces
aphidis, M. aphidis) , A< 5255 % {58

1.1.2 R

1) WfLRE g3 (o/L)  BEREE M 3.0, % %R
¥y 3.0, #i 44 10.0, 5 % 5.0,

2) KREERiFRHEE 1 (g/L) NaNO; 3.0,MgSO,-
7H,0 0.3,KH,PO, 0.3, [ 1=k 1.00, % % Hi
40.0,

3) KBEREFRFE 2 (g/L) NaNO; 3.0,MgSO,-
7TH,0 0.3,KH,PO, 0.3, B +£F12 8 1.00, K & i
80.0 mL,

L1.3 AHSCEGR  Ai4aws FUBE WIS | (NH,).S0,,
NH,NO; ,CaSO, . MnSO, FeSO, MgSO0, Jt/K Z B, 1t
TR BR AL 2 R0 G BR 2N F) 5 22 200 A SR
BEEWR B E R AR Y A A g, o B
BEAY AT A RN A A% EE R ZnS0, . Fe,
(SO4)5 . KH,PO,, K7 18 24k 274 38 5 ] 15 A PR 2
w5 MRS Tl BTREAYT R, 8 i 2R A R R A BR A D
i -20 | i 738 -100 ¥ o 427 gl KT OGRS
AL T BN ] 5 T RE IR Ry Ay Al | 22 BRI
A PR F) 5 CuSO,, PHBE Ak T A R | 5 it
T —80 b2 4l | LT L i Ak 24 0 A PR W 5
1% , ¥ B0 2 A AR A BR A | 5 SN, R T
RIS BRA T, = 52 F L 0L 1 e b iR
8 (Tris—HCL) , 3 3% 5 35 5 X il & 2K B (PNP) ,
BT B T3R50 5 % S A G250, db mt S B kAR
P ARAG BRZS ) 5 kw22 5 MRl b A a7
JC AR5 Uk B 34 R A i

12 NE5EF

PL1502-S 531 K, i+ Mettler Toledo 2
F];ZHJH-C1109C # e TAE A, L i #r L
T 1 A PR ) YXQ-LS 37 3 F S 78 15 K
R S A FR A B s Vortex—2  Genie i JiE #ik
% # , [ Scientific Industries 2 Hl ;SevenEasy
S20 pH It , M HE 8 —FEH 2 A0 A (B ) A R A
5424 i &AL, 78 [E Eppendorf 23 F] 3 UV-2550
EHN IO, HAR S A R HH-4 £ 5 iR

K, LigARERE BT & A PR W) 5 ZQZY-C8
PG R FAE, LA A B A Rl ;SPARK i
FRAL, KA. Tecan 23 Al
1.3 Ak
1.3.1 RTG53 —80 CUKA rf B W 4
HIM AR TE A B RR , B 1.00 mL #2270 2 50.00 mL i
fhaEFREE T (250 mL #EJE ) ,28 °C 180 r/min X%
7% 48 h, HU 1.00 mL 3 fb 2 A1 £ 50.00 mL & [
Bige et (250 mL #EJE ) ,28 °C, 180 r/min 3% 5%
7 d, AR R EER . K BERAE 12 000 r/min 5504 T 5
O 5 min, OB I R RD A BRI RE U B, T
N2 g s TG0 R 1
1.3.2  NeWiBGTE A A & st ry I BE 0 s I
SE LUK 25 288 K i R TR (p—NPP) SH I 9, AR 4l
Winkler S5 U7 G55 S U8 ik AR B e, 7
2.00 mL .08 Fiin A 600.0 pL. p-NPP i i , 7]
B G 244 R R B 25.0 L, 25 FLXT BRI A
24 0.05 mmol/L. Tris—HCI pH 8.0 Z& #hi# ,70 C
KW 10 min, 500.0 L Jo7K 2 BE4 1E 2B,
12 000 r/min 254 F &0 5 min, 7E 410.0 nm AL
EWOCEEE , € X o1 min HE ALK % 5 YRS B 25 8
FEHE BR i (p—NPP) 2B i 1 pumol X Al 2 25 ) (pNP)
JT 5 Bl A 1 ANEETG L (U)D, R] F E  a oR
i Bradford J7 &2,
1.3.3 AEWREMNE AW a e ok M T E
%, M5 Amal Najjar 55 PUR1ZE 1 2100 5 2 A
Bk, 50.0 mL BB FRE m(g), X 2.00 mL & ¥
& ,4 °C .12 000 t/min #.0> 5 min, 5% L3, 0f B R
&, HZEMWKUER 2 K ,60 CHEZEHE my(g), FR
FIFTRAEY R B.(g/L).

B,=(my—m,;)x1000/2 (1)
1.3.4 {5kt
1.3.4.1  PILREFRIL DB =g ih e &
e) SCHR AT 0, 1.1.2 5 iy 3 s 3% 58 FH 1 0 o
BEICRRM R  E IR R, e 3 R RS iy
J I il %, TR TR I 8 0 e e 1) B R AR R R 4R
BRFRE, f I R B ISR TR AN B AR R R D
KWE 144 h, BEF 24 b D0 BR 7 w0, AR A5 7 g i
.
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L, X L B A A= 4y R 07 TG, B A 7 G O
BRI RN S | I — R I AR TR S e X g
Tit 135 14 5 1)

TEHL NaNO, B BEIZ #5  3R  JBE2R A
(NH4)»S0, NHNO;, JRE | 4R 8 Fh WA
U5, BTN 4.0 o/L, XF HC B A A 9 R0 IS G
T, B I U e e o 1 R AR i — 2B O X
SRR 0 2 % i s I 1) S

PEHL Ca* Mn* Zn* Cu® Fe* Fe** Mg* 7 fif
SIEE T, YL IR ER Y 2053 54 A R v 5 s n
AR BEREFRFE A | B 58 B AR A A G 7 4% A
AN

PEHUM IR 80, ntiE-20, BRMEME SDS TX-
100 By 7 A7 e 55 6 Fhs FH 2 1 3% 50 43 50 n
0.1% (Ji izt 43 550) , I 7 P 1R A= 2y 5 0 g s 0 P
T 02 2F B 7 5 B ) 6 T TR R R R i — 2D
G2 % 1A TG P 00 0 %ot A 1 B R T

B 1 O N 74 21 I NI ot 7§ 2
MZRRIAE 6 R TS, 43 I N 2.0% , %
Ll T A A R B 0 TS, T R T o v B
SRS, HE— 2 IR T RS I X g
Titf 135 14 5 1)

2) WA M FRWIGEME(2.0%,4.0%,
6.0%,0.80% ,10.0% ) & W 1t (250 mL 4EJE i 43
3% A 10.0,30.0,50.0,70.0,90.0,110.0 mL) , %]
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1) Plackett—Burman (PB)i 56 [ X} I iA& X
JIE 5 g5 AT 52 0 (4 52 e RV R, A Design Ex-
pert 10.0.7 ¥ AFi#4T PB g% &1, 07 & tH XF B i
il 5 I i Y T S PR
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FRWE R, DA b i 86 B 7 1) S e Iy
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i, 168 h J5 % Wt A D5 i 05 e s 3k (32.10+
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Fig.1 Effects of medium types on lipase synthesis and determination of lipase production curve
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22,1 BUE XS B [ R TR A U 1Y) 5
B U2 A A AR ) B IR, XTI 5
it (6 LA TR PEAE R . BIFSE 7 Flovs S 5k 5 % if
B RO R G R I T 5 T, 45 AR WL 2a,
e 5y A 2 AR T, i IRV TP N I I O e e AT GA
(36.82+0.05)U/mL, 3 — 20X 4 %5 W5 o5 hn 12 £ 4 7
WFE, 45 R UL 2b, AT LUE 46 4G 05 n 42 o

(0.0~80.0)g/L B, Bifi 5 WS fin i 34 10, e e vh AE 9
AW N, AR DT G TG AR S R AR S pH E
Yo7 5 0 L S BN R R He 3 B 2 0 S o
RG] I e BTG SR TR 0 A AR B IR AR AR
b, G s i I E B A VS N5 50.0 /L B A
F 4 (39.18+0.02) U/mL, K UL, #7125 1 22
AR 50.0 /L,

D si/U-mL!
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Fig.2 Effects of carbon source types and supplemental levels on lipase synthesis by M. aphidis
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T TR 70 R0 B B 92 s S B TS I EL 9 A 321 IE, IR S
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F 5 v TR A R A i TR A R IR R R L VS L
W H3:1,
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120 30 - o HAEfit/mg L’ 30 10
28f -u-- A Miitg L’
110 2l ae . <o REYGPH 427 9
lz é 24} ) § ,a 424 8 o
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W SR
Type of nitrogen source
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—o— Hif/U-mL"
110 60 -0 HAAit/mgL' 16 -l4
-m- Efitg L’ i
100} ) saf- o REEFPH o "
_ wf %5 asf P 2 1"
T , S --" 2
T Sof SR R R o i S e as T L | S =
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i \: 70k ‘3 36 B\g’\a‘b\g/{‘b R = £
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Z sk £ 2 27 H -5 B E
5 = ’ -6 X oL
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B 3 JIRTH R0 NE X & KB E S BB 0
Fig.3 Effects of nitrogen source types and supplemental levels on lipase synthesis by M. aphidis

223 ) X BB G Rk B R U I Y 5
M RS 7 P4 A B X i B G R R BE A
7 T A R ), S5 LR 1, S B He A, T
Ca* Mg* Mn*¥, Zn> 34 0] DL I 25 52 15 & I v 1) g
5 B 1T R A0 Cu Fe™ sy FeX ik — 4 BRI & BE TR
His B . Hoh , MgSO, #R A 300 me/L i
I 155 iR 3% 5 8, 35 (27.52+0.63)U/mL, #F— 248 5T

MgSO, U Izt XF A 1 il 3% (45 ), 25 5 0L 181 7, Al
LI, MeSO, TNt £ 0.00~0.60 of/L B, & I
IR RETG SR YR AR S pH (B
R eI E BEAR R B 2 MeSO, 7 N &
0.40 /L B}, B8 195 i 3 f = , 4 (25.00£0.05) U/mlL,
KL, 00 26 8 5 MgSO, B4 0.40 /L,
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Effects of metal ion species and concentration on lipase activity of M. aphidis

T (VABLBR 3k

2.2.4 R AT IF pR 5 PR SR AT TR A M 1Y
M 8 TAT 6 P55 AT LA T 40 i )3 o A B T
T SR B SR T O3, A T RUE Y L
o5 I o3 00 e S IR I A, AR RS R

I=A
w

A . By 7% /U-mL™! a4 F/mg- L7 k&g L7 X B )G pH 1A
& R ) g1 " e w8 P
x 0.0 7.03 +0.44 66.43 +5.28 5.67 £0.25 7.18 £0.06
Ca* 20.0 17.03 £0.28 60.09 +2.48 4.88 +0.19 7.25 +£0.04
100.0 18.46 +1.13 66.54 +2.33 6.30 £0.38 7.22 +0.02
180.0 22.30 + 1.09 76.04 + 0.95 6.85+0.45 7.18 £0.07
Mn* 1.0 11.00 £ 0.83 23.04 = 0.83 6.85 £ 0.85 7.51+£0.08
9.0 6.19 £ 0.04 42.49 + 3.86 6.85 +£0.26 7.65+0.14
81.0 5.77 £ 0.15 65.44 £2.15 3.98 +0.33 7.91+0.10
7Zn* 1.0 2.47 £0.15 9.38 £ 1.50 4.88 +0.46 6.61 £0.07
9.0 11.9 £0.63 29.81 +2.37 5.62 £ 0.65 7.21 £0.08
81.0 14.82 +0.62 63.37 +1.68 11.43 +2.08 7.52 £0.06
Cu* 1.0 6.35+0.51 20.74 £ 0.83 8.40 +0.35 7.19 £0.04
9.0 1.92 £ 0.35 24.35 +0.68 5.27 £0.55 6.60 = 0.09
81.0 0.07 £0.12 13.31 = 1.50 3.98 +0.48 3.40 £ 0.03
Fe? 1.0 1.89 £0.17 43.26 + 1.87 3.78 £ 0.28 6.99 +0.09
9.0 3.60 £ 0.35 68.94 +2.63 5.93£0.61 7.67 £0.03
81.0 429 +0.64 141.18 £2.29 5.97 £ 1.05 8.76 £ 0.09
Fe* 1.0 2.43 +1.09 6.43 £ 0.33 8.35+1.07 7.44 £0.18
9.0 2.98 £ 0.66 36.37 +0.50 5.32 £0.69 7.96 +0.09
81.0 5.86 £ 1.33 205.77 £ 3.00 435 +041 8.90 £ 0.04
Mg* 100.0 26.43 +0.29 89.7 +3.47 12.17 £ 0.68 7.49 +£0.08
300.0 27.52 +0.63 81.29 +2.30 12.57 + 1.50 7.53 £0.11
500.0 25.77 +0.48 92.77 + 3.28 8.48 +0.38 7.79 £ 0.07
—o— M§iF/U-mL"
- o= HEE /gL
-m-- /gL
1nop 30 -0 KWESRpH 40 14
100} a b
. _: 25k b ab g a\“i\; 83 12
R = B ,§ ----- Sse._ b _ T
50 5 _---Yab - 30 ‘ =
g =) o 3-.. p o L
HE N B . a Sag | Z-2
% E 70 52 2 /{ ----------- 5 i nﬂg 2 8 ‘E E
BT ALt AL LTI AN SO R 2
QE{ i % z g > : : \\. ...... B coeenneanasd g N tH é & %
-E 60 i \,\ g o &
g g p s = £
& sof ) \, 2
40 é ) E—— ; 10 i
. ' 0!3 * 0!4 ! 0,5 ' 0!6 & .
MgSO, & i

MgSO, amount/g- L™
B 4 MgSO, RmEXHFRERENESHKASHENZIL

Fig.4 Effects of MgSO, supplementation on lipase synthesis by M. aphidis

T IR TR B A 4 SR T ] 3 R
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3t ~80 1Y) i T YR 017 ik 1% i i, 49 (35.55+0.05)
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U/mL, 3E—WF58 78 -80 WS N & 1 52 i |, 45 51 Il
& 5b, WAETE 0.00%~0.35%I5 , g 115 il 7% F1 5
F 7 o 5 BN 5 R AR A kA 34, T A i Rk

Bz 5 pH (EJC I B A8 fk . 2480 0.30% it it —80
IF B8 07 Tt 0% S5 i, M (44.72+0.02)U/ml., I, %)
A0 E IR -80 BRI E A 0.30% .

A i mL!
- o= HEF R/mgL"
-m- gL
300 50 o REEFpH 270 10
45 4o
~ 0 T, dof a: ----- 1 b 4s -
-2 ol ' : RN =
%’Q 200f Q e %/ /.’ = g
o 2 Z o 7 / §2 T w7 10 B
g‘g 1sof 2 ‘% st % % /."I t * ﬁﬁ % {5 § é
o = £ 2} % % ”f o &E
é 100 g 15k % A % . ﬁ 1z ;43
& ’ 7 N =
sl E" 10f ////% %//% 42
sk 4
ok 0 /// ) Jo
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T 9 R b 2
Type of surfactant
(a)
—e— R§i%/U-mL"
- O HAE/mg L
170 o 22;2%;8“ L 24 14
160} . 4 b 1
ALY S §-—-{/ o
P 10 S \“’__fg/ 3 d = Jio =
'k z : A, LU
<t§ 10F HE% e ‘c ............. d .’/ d,.A\.‘.-i _|6m§é 3 Eé
&E 120 *&g /T’G"--%—--%} """ * Y # 2 %%
Z 5 s’ 14 o -~
§ 110 % fg_-_—c./ ﬁ 46 E
IR L] SR == ‘i i a . . Hi2 =
= x a _.-8———._ T _._. -m - = -4
9o 18 LT L I R E - -0
8oL L 1 1 1 1 dy

0.10 0.15

0.25 0.30 0.35 0.40

i I -80 R ik
Tween—80 dosage/%

(b)
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Fig.5 Effects of surfactant types and dosage on lipase synthesis by M. aphidis
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Fig.6 Effects of inducer type and amount on lipase synthesis by M. aphidis
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Fig.7 Effects of culture conditions on lipase synthesis by M. aphidis
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Table 2 PB experimental design factor levels

R A B 5 A ARIK P & K
A T Er gL 40.0 60.0
B NaNO, g/L 1.0 3.0
c AR
D BB iR g/L 1.00 3.00
E MgSO, g/L 0.3 0.5
F HE AR
G i6 % 1.0 3.0
H vk % -80 % 0.20 0.30
1 JE 4R
J HKikE ml 30.0 50.0
K =93 C 20.0 30.0
*3 PBIREZITARRIRBLNINE(N=12)
Table 3 PB design and response values (N=12)
& A B c D E F G H 1 J K B & /U-mlL™!
-1 1 1 - - 1 1 1 1 1 19.11
2 1 1 -1 1 -1 -1 -1 1 1 1 -1 16.82

-1 1 1 -1 1 -1 -1 -1 1 1 1 39.19
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(&% 3)
P& A B C D E F G H I J K B % /U - mL!
4 1 -1 1 1 -1 1 -1 -1 -1 1 1 29.12
5 1 1 -1 1 1 -1 1 -1 -1 -1 1 61.09
6 1 1 1 -1 1 1 -1 1 -1 -1 -1 20.43
7 -1 1 1 1 -1 1 1 -1 1 -1 -1 54.82
8 -1 -1 1 1 1 -1 1 1 -1 1 -1 18.19
9 -1 -1 -1 1 1 1 -1 1 1 -1 1 41.30
10 1 -1 -1 -1 1 1 1 -1 1 1 -1 0.27
11 -1 1 -1 -1 -1 1 1 1 -1 1 1 36.88
12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 12.66

FIH Design Expert 10.0.7 %%} PB ik 5 4%
WAEAT 0T, 5 R W R 4, ATLIE w4 b it
T80, %< W fE XF & I 7 R Wl E A RN,
NaNO; , ¥ B1#= #3 MgSO, A8 25 i1 | I B X A 1 7

®4 PBIRIEIT &R EZXNEHEE

I F il EL AT TE O o 8 A1 TR 25 X6 Mg M 0% ) R )
A7 - NaNO> L > P 112 05> 255 Vi > 4 20 Hl >
It 3 —80> 78/ HI>MgS O,

) 8 M 1% 5L

Table 4 Effects of various factors on lipase activity in PB experimental design

B % i ¥ 7 e Tk E 2 /%
A(H #HE) -9.37 263.25 7.43
B(NaNO;) 18.10 982.42 27.73
C(H M) 1.98 11.71 0.33

D(BEHZA) 15.47 717.70 20.26
E(MgS0,) 1.84 10.17 0.29
FOE A0 ) 2.62 20.66 0.58
Gt ) 5.14 79.22 2.24

H(=£%-80) -7.41 164.53 4.64
T #7) -1.14 3.93 0.11
J(ERE) -11.49 396.19 11.18

K(#JE) 17.25 892.81 25.20

A 540 A AR i 3 P=0.0013<0.05, R?=
0.9869, 2877 25 43 Hr e A 1 [l )9 J7 #&28 . V=29.16-
4.684 +9.05B+7.73D+2.57G -3.70H -5.75]+8.63K ,
AL FAE N 42.99, 106 0.13% MR AR
RN, RS TFIHEE bR T AW, e
2 FAEEI/NT 0.05, U B 6 R 2800 A5 78 5 e
3 Hd i W1 3 AN E O NaNOs> IR >
2.4 mBEMHIKE

M) 7. 40045 A5 260 A A I 30 e O DX 8N A g
T 1, sz WS AR (7 L ST 0O Rt R e BE
TN 38 38 56 308 3T d PG a5 BT DX 3 R A 7 A48 A0 T B

MR PB X 55 BT 15 19 3 A i 2 &K . NaNO; i
B EERERRY VT e BEC B XSS | LAAR D5 6 0
M) A R B RS R WL 6, AT LA M IR
it 315 e R (B R SR 2 LS5 4 ALz A R, DA
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*5 PBRBREZREEMSN

Table 5 Significance analysis of PB experimental factors

kR ¥ 9 fm R 4 ¥ FA& P b4 e
Prob>F
B 3496.12 7 499.45 42.99 0.0013 2%
A(H E4E) 263.25 1 263.25 22.66 0.0089
B(NaNO;) 982.42 1 982.42 84.56 0.0008
D(BEHZH) 717.70 1 717.70 61.78 0.0014
G(ib k) 79.22 1 79.22 6.28 0.0593
H(=+£:2-80) 164.53 1 164.53 14.16 0.0197
JOERF) 396.19 1 396.19 34.10 0.0043
K2 ) 892.81 1 892.81 76.85 0.0009
K E 46.47 4 11.62
AR IE B e 3542.59 11
R? 0.9869
R\ 0.9639
R 0.8819
C.V/% 11.69
*6 mERFXBIZHTRER
Table 6 Experimental design and results of steepest climb
KI5 NaNOy/g- L™ = E/C Bz /g L B 75 /U - mL™
1 2.0 20.0 1.00 46.95
2 2.5 22.0 1.50 73.86
3 3.0 24.0 2.00 78.34
4 3.5 26.0 2.50 77.00
5 4.0 28.0 3.00 60.13
6 45 30.0 3.50 47.09
7 5.0 32.0 4.00 50.07

R7 MREEETEERERKE

Table 7 Response surface design factors and levels

9, AR @=0.01 /K- b [m1 09 5 2% 2k 000
AR, SIS Bl S RLRARARE , BIAE ST O
i o H— IR J7 FI00 B S 1025 5

K
B #*
-1 0 1 BEAY B P E R B R?=0.9973, 225 R C.V. %=
A (NaNO;)/g- L™ 1.0 3.0 5.0 191, e WU A Bty | 35 o S L S B2 45 I 2R 5 01
Ba A 2000 240 280 W I 22 18 (6 3R IR 5 ST 15
C(®Fizdr)lg- L 1.00 2.00 3.00 2.6 MK ESH

i BEAT RIS AT, S5 A5 IS 7 A 5 4% D 3R A
A R A AR

Y=79.28-3.564 +10.158+5.71C-1.73AB+
6.184 C-3.25BC-17.914°-12.77B8°-4.26C*,

R*=0.9973 ,R*,;=0.9938,,

(51 U1 7 A A4 5 2 43 W RIS B W] 5 52 207 L 3%

W 17 T P 0T P2 O 10 ) R B TR £, AR AR
de e (L, PR RN TR ) i R S ke T A e Y R
A, iy B BE U , 50 BH i oz 0B R R, A e 2 1]
Bk TP N R BSZ HAE T, B2 R U B W R A
FIAS 2 A B Ul A S8 AR T S 2 Bt il
S5 R0 W) 7 TG P A A i R K UL 8, TT LU Y
BRE A FAH TR GM | 1 B 5450 113 58 1) 5 B A RS
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Table 8 Response surface design results
. NaNO/ B/ s SEE OV . NaNOy/ ] BEFR iz A/ R W B S/
e g L C g L U-mL S g L C g L U-mL™!
1 0 0 0 80.31 10 0 0 0 79.30
2 0 1 1 73.72 11 -1 0 -1 59.90
3 0 0 0 79.56 12 0 0 78.81
4 1 0 -1 41.57 13 -1 1 60.85
5 1 1 0 53.36 14 -1 0 1 60.30
6 0 0 0 78.44 15 -1 70.17
7 1 -1 0 35.59 16 -1 -1 44.29
8 1 0 1 66.70 17 -1 -1 0 40.38
9 -1 1 0 65.08
*9 EIAKEBRFTENSH
Table 9 Regression model variance analysis
&R ¥) 7 Fe B W E Eok F1& P14 Prob>F 2 FH
AR 3688.27 9 409.81 284.26 <0.0001 2%
A (NaNO,) 101.12 1 101.12 70.14 <0.0001
B(i&J%) 824.62 1 824.62 572.00 <0.0001
C(BEH ) 260.49 1 260.49 180.69 <0.0001
AB 12.02 1 12.02 8.34 0.0234
AC 152.93 1 152.93 106.08 <0.0001
BC 42.37 1 42.37 29.39 0.0010
A? 1 350.39 1 1350.39 936.70 <0.0001
B? 686.59 1 686.59 476.25 <0.0001
c 76.26 1 76.62 52.89 0.0002
*E 10.09 7 1.44
% WR 8.03 3 2.68 5.19 0.0728 rEF
iR £ 2.06 4 0.52
AR B e 3698.37 16
Ry 0.9938
R 0.9644
R? 0.9973
C.V.% 1.91

o G % A S R R TS TR R L 1) 28 BLAR
FAAN 2 o E— 20 R AR+ 58 53 B, 50000 g i il
1% B E A 81.90 U/mL, BLEF RS 3R E N 25.8
C, BRI INE N 3.1 o/L, BERHIZ B A&
2.24 g/L,
2.7 #RBEIGFIKLE

Shy B0 VIE AR () A R RO, R T )

FESE TR B oy R SR AT FE R B, 45 R I
10, AR, 55 Uk ik 55 O 2 A 7 B IS O (83.14+
1.09)U/mL, AR AR 1 % e 8 v R 77 T 42 55 24
2.6 5, H 5 B8 150 U B AH 22 /8 T 1.50% , 156 B i)
N7 THT PG A 35 i Job 3 i v o i B TG SR TR s
BRI, T A AR TR i A% L ST s L I 7 36 G B PR 3R %t
i I Tl 3% ) 5% 0
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Table 10 Optimal level and verification results
SR K BTy . .
FMAE/U-mL" FEE/U-mL" AR £/%
NaNO; B BE i by
Y FH AR 0.044 0.444 0.244 81.90 83.14 1.50
% FRAE 3.1 ¢/L 25.8 C 2.24 ¢/L.
3 it 2 % x W
i3 B PR 2R S R PB R 50 7 2 ) i o B
TG Ly I G U T R Y 3 AN 2 [1] ORTIZ C, FERREIRA M L, BARBOSA O, et al
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Halifh |t 4 R I 5% B Sl

(3]

Novozym 435: The ‘perfect’ lipase immobilized bio-
catalyst?[J]. Catalysis Science & Technology, 2019,
9(10): 2380-2420.

OKUMURA S, IWAI M, TSUJISAKA Y. Synthesis
of various kinds of esters by four microbial lipases
(BBA) — Lipids
and Lipid Metabolism, 1979, 575(1): 156-165.
ISMAIL A R, KASHTOH H, BAEK K H. Temper-

ature—resistant and solvent—tolerant lipases as indus-

[J]. Biochimica et Biophysica Acta

trial  biocatalysts: Biotechnological approaches and

applications [J]. International Journal of Biological

Structure, Function and Interac-

tions, 2021, 187 127-142.

Macromolecules :



200 OE A IR 2023 4E 55 6 1)
[4] SHARMA S, KANWAR S. Organic solvent tolerant & biotechnology: An international journal for rapid
lipases and applications [J]. The Scientific World communication, 2021, 51(4). 350-360.
Journal, 2014, 2014: 1-16. [13] R4, BHA, Eh, % ML mt sl B
[S] KUMAR A K, GUDIUKAITE R G, GRICAJEVA SE B TE K A B 23k AR B AR AR
A, et al. Microbial lipolytic enzymes — promising R, 2021, 37(2): 138-148.
energy—efficient biocatalysts in bioremediation[J]. En- WU R, CAO J R, CAO J, et al. Expression and
ergy, 2020, 192. 1-12. fermentation optimization of Candida antarctica lipase
[6] BARRIUSO J, EUGENIA M E, PRIRTO A, et al. B in Escherichia coli[]]. Biotechnology Bulletin,
Structural traits and catalytic versatility of the lipas- 2021, 37(2): 138-148.
es from the Candida rugosa -like family: A review [14] FhEEZE. —FPAE RS 525 0FT B b v 2% 3 a5 18 1 6 1Y
[J]. Biotechnology Advances, 2016, 34(5). 874-885. Jrid: 202110482278.7[P). 2021-06-29.
[7]  VITORINO L C, BESSA L A. Technological micro- SUN J A, A method for high efficient expression of
biology: Development and applications [J]. Frontiers lipase in  Bacillus subtilis, 202110482278.7 [P].
in Microbiology, 2017, 8. 1-23. 2021-06-29.
[8] /7%, 45N W B3R IA KM & (Rhizopus oryzae ) IR [15] NIU Y W, WU J N, WANG W, et al. Production
U7 T () 1 A 4 K AR 8 PEFSE[D]. B . TLEE R and characterization of a new glycolipid, manno-
2%, 2013. sylerythritol lipid, from waste cooking oil biotrans-
LU X. Optimization of Rhizopus oryzae lipase ex- formation by Pseudozyma aphidis ZJUDM34[]]. Food
pressed in recombinant Pichia pastoris and enzyme science & nutrition, 2019, 7(3): 937-948.
stability[D]. Wuxi: Jiangnan University, 2013. [16] FAN L L, LI H J, NIU Y W, et al. Characteriza-
[9] £, Zhy, #EY, % BARIE R LA E tion and inducing melanoma cell apoptosis activity of
U i i PR B i T B TR TR D AR 8t A R E ()] T mannosylerythritol lipids—A produced from Pseudozy-
AW sE e, 2019, 46(11). 2821-2829. ma aphidis[J]. PLoS ONE, 2017, 11(2): 148-198.
QIAN Z Y, LI Y, CATI H Y, et al. Hereditary sta- [17] WINKLER U K, STUCKMANN M. Glycogen,
bility of Thermomyces lanuginosus lipase gene in re- hyaluronate, and some other polysaccharides greatly
combinant Pichia pastoris strain[]]. Chinese Journal enhance the formation of exolipase by Serratia
of Microbiology, 2019, 46(11): 2821-2829. marcescens [J]. Journal of Bacteriology, 1979, 183
[10] Z=H. I 22 250k S 77 L TR R 0 T 1 O 5 U R 08 (3): 663-670.
T A A AL ) £ 1 4r B b B B D). BN WL K [18] BE, i, iy, 5. o2 A E 5 1 i
7, 2013 B 37 R A 7 TG AR LD] R R AR, 2017, 17
LI M. Screening and heterologous expression of (7): 77-85.
Stenotrophomonas maltophilia lipase, and its appli- ZHAO M J, CAL H'Y, LI Y, et al. Statistical op-
cation in enzymatic preparation of L —menthol [D]. timization of oulture medium for enhanced lipase
Hangzhou: Zhejiang University, 2013. production by Auwreobasidium pullulans using re-
[11] S5, HEF, Bmt, %%. Box-Behnken {1k sponse surface methodology [J]. Journal of Chinese
KR S A A v LR VA R U R (D] b R Institute of Food Science and Technology, 2017, 17
i, 2020, 20(10): 124-133. (7): 77-85.
JING Z B, TIAN J J, ZHAO L H, et al. Opti- [19] DIMITRIJEVIC A, VELICKOVIC D, BEZBRADI-
mization of culture conditions by Box-Behnken for CA, et al. Production of lipase from Pseudozyma
Improving the lipase activity in Lactic Acid Bacteria aphidis and determination of the activity and stabili-
[J]. Journal of Chinese Institute of Food Science and ty of the crude lipase preparation in polar organic
Technology, 2020, 20(10): 124-133. solvents[J]. Journal of the Serbian Chemical Society,
[12] ABU M L, MOHAMMAND R, OSLAN S N, et al. 2011, 76(8): 1081-1092.
The use of response surface methodology for en- [20] Z=47. it ves U A i 16 v 7 TR AR A O 2k A IR W g

hanced production of a thermostable bacterial lipase

in a novel yeast system[J]|. Preparative biochemistry

ik AL RIPEBIE S [D]. BUIN . WK, 2015.
LI Y. Screening and isolation of a high—yeild ther-



236 Hol

¥ ok K2R TR B KB AR 6 AR AL

201

[21]

[22]

(23]

[24]

[25]

[26]

[27]

mostable lipase producing strain and research on the
production, purification and properties of the lipase
[D]. Hangzhou: Zhejiang University, 2015.

NAJJAR A, ROBERT S, GUERIN C, et al. Quan-
titative study of lipase secretion, extracellular lipoly-
sis, and lipid storage in the yeast Yarrowia lipolyti-
ca grown in the presence of olive oil: Analogies
with lipolysis in humans [J].
and Biotechnology, 2011, 89(6): 1947-1962.
BEFE . sn—1,3 L — VIR s Il ) 05 26 | o 24 3Rk R )
THUCGEMFFE[D]. BUIH . #TTLRS:, 2016.

CAl H Y. Screening, recombinant expression and

Applied Microbiology

molecular modification of sn—1, 3-specific lipase[D].
Hangzhou: Zhejiang University, 2016.

MAIA M M, HEASLEY A, CAMARGO M M, et
al. Effect of culture conditions on lipase production
by Fusarium solani in batch fermentation[]]. Biore-
source Technology: Biomass, Bioenergy, Biowastes,
Conversion Technologies, Biotransformations, Pro-
duction Technologies, 2001, 76(1). 23-27.
HAMADA T, HAGIHARA H, MORITA M. Physic-
ochemical profiling of surfactant —induced membrane
dynamics in a cell —sized liposome [J]. Journal of
Physical Chemistry Letters, 2012, 3(3). 430-435.
ZEME— R 7 T A A O 2 | T A A B
B P FF 5T (D], PR RIS . RdbMolk K2, 2021.
LI W Y Screening of low temperature lipase pro-
ducing strain, Optimization of fermentation conditions
and study on enzymatic properties [D]. Harbin:
Northeast Forestry University, 2021.

TEMAM , 4290, Plackett—Burman #1 Box—Benhnken
Design 52 86 B¢ 1114 00 1 A A i 7 M 1L Tl 1% 3% 5
MIWESE[T]. AR, 2011, 36(5): 41-45.

WANG B B, CHE Z M. Optimization of Rhizopus
fermentation medium for glucoamylase production by
Plackett—Burman and Box-Benhnken Design[J]. Food
Science and Technology, 2011, 36(5): 41-45.
GRFKCHA. AR U A = A B bR 1 0 o | AR A
KA BESE[D]. A . AR, 2014.
LIANG Q Y. Study on screening, optimization of its

fermentation conditions and enzymatic properties of a

(28]

[29]

[30]

[31]

132]

cold —adapted lipase —producing strain [D]. Shihezi:
Shihezi University, 2014.

GKE, AUUK, W& E %, Plackett—Burman B¢ & % W
T A R 75l B 2 T IBOAR 22 S8 T 20T AR
Pl K24, 2021, 40(4): 182-190.

ZHANG 7, SHI K X, PAN S Y. Optimization of
ultrasound —assisted ethanol extraction of polyphenols
from Citrus wilsonii Tanaka using Plackett —Burman
coupled with response surface design[J]. Journal of
Huazhong Agricultural 2021, 40 (4):
182-190.

L L, B, %, Plackett—Burman iR %
BT A Box—Behnken Wi 1 1 325 08 16 A 5 2 4G 90 1
il 0], Fan Ak, 2020, 41(10): 255-264.

AN P Y, WANG ] X, XIAO L, et al. Optimization

of the preparation of fat substitutes using Plackett—

University,

Burman Design combined with Box -Behnken Re-
sponse Surface Methodology|J]. Food Science, 2020,
41(10): 255-264.

KRR, SIEE, Biks, S R
T T B AR R W R AT R R R )] BUEY R
2021, 48(1): 113-122.

ZHANG HY, GUO Z Y, LV Z T, et al. Medium
optimization with the response surface methodology
to improve daptomycin production [J]. Microbiology
Bulletin, 2021, 48(1): 113-122.

FEBL, R, Bedk. s Bt RO A L H A ke
KRR R R ). B s E e, 2010, 37
(6): 894-903.

DAI Z K, ZHANG C, RUAN Z. The application of
experimental design and optimization techniques in
optimization of microbial medium [J]. Microbiology
Bulletin, 2010, 37(6): 894-903.

WA, FRR, EIA, SF. N I AL LR
BAF B Z-1 W O TR AR R BE ()] FLl AR 54
AR, 2020, 43(3): 6-11.

XU X R, LI C F, SUL'Y J, et al. Response sur-
face methodology for optimizing the formulation of
Z-11J].
Dairy Science and Technology, 2020, 43(3). 6-11.

cryoprotectants  for  Bifidobacterium lactis



202 b

i
=n

= 4 2023 4E45 6

Optimization of Fermentation Conditions for Lipase Production by Moesziomyces aphidis

Ji Chenxue, Niu Yongwu, Xu Yanhua, Sun Yiming, Yang Yanxiao, Zhao Renyong"
(College of Cereals, Oils and Foodstuffs, Henan University of Technology, Zhengzhou 450000 )

Abstract Taking the lipase activity in the fermentation broth as the target, through single factor, Plackett—Burman,
steepest climbing and response surface tests, the optimal conditions for the production of lipase by the Moesziomyces
aphidis were optimized. The results showed that culture conditions such as glucose, NaNOs;, yeast extract powder,
MgSO,, peanut oil, and Tween-80 medium components, the amount of liquid filling, and the fermentation temperature
all affected the lipase activity. Among them, the 3 most significant factors affecting the lipase activity are the addition
amount of NaNO;, the addition amount of yeast extract and the culture temperature. The optimal conditions after opti-
mization are: the addition amount of NaNO; is 3.1 g/L., the addition amount of yeast extract is 2.24 g/l., and culture
temperature is 25.8 °C. On this condition, the lipase activity in the fermentation broth is 83.14 U/mL, which is close to
the predicted value of the regression equation obtained by the response surface, and is 2.6 times higher than the enzyme
activity in the initial medium, indicating that the regression model can better optimize the lipase fermentation conditions.
This study explored the industrial application potential of the Moesziomyces aphidis, providing a reference for broadening
the source of lipase.

Keywords Moesziomyces aphidis; ferment; lipase; plackett—burman test; response surface optimization



