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kb R IQE MM )™ il 25 PR e Xt
V4 NG 2290 B B TR OR

LeFH.Kek TIR.FEE,FHE, X

B, WK

CEN 2R R Y5 H 28 TR2EE. %M 7300700

 E CNIRESEWYE T MM LT TG &, 358 5540 70 TR 2295 9% JL T 19 Ak ) . 83 Plackett-Burman
R T 0 e 7 TR 925 % HL % 3 2 B4y AT R AL 5 0 S AR AR R R AR MM & TR U VR X T IR B R R T A 25 9
Biia s R s, 250 BOR RIS pH 7.0 5N R 3% R 30 °C L EEIRFE T 180 r/min $HFEATE 72 h
Bl L ARAT R e W B SR AL A ATE 12. 748 /L. A WE 2. 086 /L, BEREH 3. 091 /L AL )5 Btk MM JL
TSI 0. 485 U/mL, tbARAL T4 &5 1. 14 £%, X P8 IO 25 55 005 JR B nO I P R 42 =i 6. 42 % . B bk MM &
T 0 VA [) 6 B¢ 35 5% G I 1) B ke B i R A, Y R TR D B B VR D 150 A5 B X R R 1 AR A
FEAE N 98.53%, AFA5 BIR, Bk MM K B2 I8 VAL 38 PG IR bR J5 oAbk o L 0 | 0k 4 1) 48
i 78.82% .126. 90 % .82. 00 % » X P8 JI AR 2595 B 58 5 18 74.55%

A Wb TR s LT 5 e R T O A 5 T IORS 250 B TR

RESES  Q939.95 XEARAEE A
9k Vb E R E (Serratia plymuthica) J& T
TR G ARSI W . E o —Fh 2
8y A 77 T R B T ek 7 A T A e R AR 7 g S
A P LT I RE S AR BEA ) AR KT W
[T BE 43 s 22 A b A= PEACI 7= 9 e 35 &4 L
TR B A R A AL TR ER L KA L O ER PN
YU R VB R AE DT ) A [R) A s it L A
MAE R, Saraswoti 55 FFE R W], WV
T30 3 o A LT T T I S o D T 400 i B v A L
TRORMG E R . JLT Bl (Chitinase) & —Fh &
—PEEAE LT B b B-1. 4 WA BK i BE S H L
TR A S LTS OB B — 2l R B AR
JUT Bl |z 50 A T AR B AAAE T 5 A K
T S RUEDS . BT RS R BV & G R
(Serratia sp.) A EJE (Bacillus sp.) JHE R
B & (Streptomyces sp. ) IR L H & (Paecilo-
myces lilacinus) ¥ 0 43 W JL T FEES . (H H §r
PRULT 45 48 1Y 22 M IR S AL B A0 52 A v L DA
LR 77 BERE IR R W T 2N A R L AR
PO TR R 19 i A 7 Tl A F R Il L 2 A i R

kB 2021-09-23  {BEEH:2021-10-26
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TR T A d, £k B Plackett-
Burman i 4 45 & Box-Behnken i i 1] 2 (RSM)
B IR0 0T B R 7 W Ok 1R SR AT A0 AR DAIBI AR A
R e LT A Y R AR . R IR AR S A
N AR MEWO6 7= LT i il i) 3% 5% 2L )5 i %
ik 197. 32 U/mL, M L T %) b 35 55 5 Bl 05 42 &
2.58 1%, Pramesti 251 3% FH i 7 iG55 AF 9% 4% 2%
B PB2 = JLT B fe A R E . Roohi 461
KM RSM AL s 72 JL T BB 1 ok CUVGASG 1Y
Rl o B |G SR A L LI S
Rachmawaty 45" ] I 9 7K F- 0 16 A 7 1 kT 4
R EE 7 LT 0T W A5 R R AT 00 Ak S e 3 T 3 A 1
LT SR B 3E A 0. 487 38 U/g. ik K B iE N
0.488 64 U/g, Tl 45 R AE w3 AH . K Z ¥k
SRS BT D TR TR 8 e LT 5 7 6 R 0 D
FLPA OGSV B T W LT B I A
Wy D TR K 7 i A A 1 DA D TG R DL SR 4

ENTENE S0Pl ESPNE S 7 P (MW
Oy W 52 0 =5 O 5 1 AR B T bR R e v IR

BB HE AR #I4S (21967015) ; H 4 B A B & H R (20YF3FA038) 5 3 I 56 1 8 A B & 1 (21-19) .,

E—EE DO F A WL A R T N EIBTA .
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S 31 4

MM 7E i B N &= 3 40 i R Al |, I Plackett-
Burman % i1l RSM X} JL T J5R i A B 1B 35 3% 4%
PEIEAT L AL . B B R MM X P JTOAR 2290 14 By 3
ROR B Svb B R R AR T R A R K
P o 0 R I R R — 25 T R ) 25 Bt

1 ARG R

L1 # #
L1.1 #EAF 2ZMSCE RFEYRZ TR SO
3 18 i 8 1) I D R TG TR Bk MM, ACCC % %
9 61749,
11,2 35A Rlmssit, LB B
¥ 5 g/L.EAM 10 g/L. A& MLE 10 g/L, BiIR
15~20 g/L,pH 7. 0; PDA 138 & . S84 % 200
g/ L. H%HE 20 g/L.350g 20 g/L,pH 7. 0; MS ¥
FREE ABTH A B AEYD AR 1 900 mg/L,
iR &% 1 650 mg/L,BEfR — A8 170 mg/L, Bk
B 370 mg/L, WAL 440 mg/L, ML B 0. 83
mg/L, W2 6.2 mg/L, BERH 22. 3 mg/L, fifR
8.6 mg/L.EHFREN 0. 25 mg/L. B R4 0. 025
mg/L. &% 0. 025 mg/L, Z eV 2,8 — 40
37.3 mg/L, B W% 27. 8 mg/L, JLEE 1 000
mg/L, H%& M 2 mg/L. BMRMILZE 0. 1 mg/L.#:
fRME IS B 0. 5 me/L, M2 0. 5 mg/L, FEHE 10
g/L B 7 /LB MS ]38 35 4. 74 g A 1 L
ZRIBK PR I 2 2V . pH 5. 8.

FErl R R R L. EERERY 5 g/L. MR 10
g/L. @Ak 10 g/L,pH 7.0,

B SR KB S 34 Ry e KB . 121 °C L 30
min,
1.2 FH i
L.2.1 #FA5 HEk MM %% LB #lm
W3k 11,30 “CHEFE 16 h, 15405 Pk B — 35 4
T 3% 9% 3 B A B R 2 Bl T 100 mL LB A R; 57
$£.,30 °C \180 r/min {8 {5 4% % 5% 35 132 8, il % b
T
1.2.2 A®ER KEk MM MR 3% 1)
A R B AT 100 mL LR & R SR
250 mL =M ,30 °C.180 r/min ¥57% 72 h,
1.2.3 BEg&Awle  JUT BEESEEt Y R
FH 3.5- 3K IR (DNS) 3. 2 . R4 N-2
Pk 22 35 48 A B (NAG) A o il 46070 2 LT J il
WCE D JUT RS2 S — N JLT
JREEE (U R A 37 °C F A 1 min 724 1 pmol

NAG it B L T U i il i

0.7 1

y=0.9163x-0.012 4

0.6 R*=0.998 1
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Fig. 1 Standard curve of chitinase

12,4 HakAmsale  F TR R R
AW GEEED . B BIE S BE G K WS
BV HIZ 50 “C A R FR AR A B4R, 24 h
IERR S @
1.2.5 #@Emm e DLPG TR, 2890 i b #0 4R
WL AR R S AT LA FTECE AR 8 mm T
B, 8 T PDA B HE I7 56 b de, 15 O 250K
iR 24 h M 3 IG I MM+ 5 28 ik
PETIZ DU 2 0 28 25 mm 4, A 360 1 #k
MM [T %) B B A~ 3 N8B, 27 C iy
725 d el Wi J A, Jf kDL A S

PR R = O FRZH TR v AR — Ab FLZH TR V% A
1)/ X B 7% B AR X100 %
1.2.6 B4k MM 2t @ KA -F 69 Fem R0 P
JRFr ¥ TC W K oh e 3 UK, B IR 5 min, #4351 7E
70 % CEEEE WM 2 26 YA TR SR W B Uk 3 min
510 min, BT WK 3 K5, & T RWY
A X K U A B R R 2 10.50,100, 150,
200 175 B BB BE In A MS 55 5% 36 b, DU N i Ak
MM JER Y MS K 3% 3L ) B 0K 208 2 10 Fh 7
BT MS ¥, Bl 5 b, 4 3N HK,
25 °C, 2 SAHXNE B ZE R 80 % e Ay, e IR 5 TR R
RIS T d R AERAE L
1.2.7 H#k MM 3 % KA w69 R s R
Btk x A RMERBH KA S 7E L)
mEREAE T, 8B 4 DR, B S
F o3 DA b TG T R TR 8 3R B O 6 IR CK 2
T vs I A 22 95 1A 78 F B (10" mL) 1l
FON ; Je 420 7Y JIN Al 22 955 14 961+ 2, 24 b J5 7
PR AR MM R BE I8 i 8 FON+MM; H4%;
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12 &F%E. IR

R MM 7= i 2 1440016 Bl P TR 2590 1Y B 38 R0CR . 1637 -

FREEHE MM & B2 U8 WA 08 MM DL 7 d A JE
W, AR R IR 20 mL, 42 d J5 Go it & b B b
AR DL I A G 259 199 R R B O T B TR R
MM 1 B 6 28R JF 00 5 25 A B4 R & i, 7Y
JIGH T SRS 2505 2 AR UEDT .0 PN 25 N 4R IR
IEH AN ICHE MR s 1 R ZE N R 25 %0 DL AR
;3 WRZENGERE R 25% ~50 % a5 Kol =k
WYERE R 5190 ~ 750 2 ;7 RN 25 N 4L R
75 % LA B TR i S 59 GO B ARG AT
1.3 RWigit

1.3.1 RREHE. K. LML MM ZILT F s
ERERHGTFN B MM R 2 IRk

B dE IR A DIE SR EE ) IR pHL 7. 0 %P i 306,
FEFRIREE 30 °C #5358 180 r/min KI5 35MME] 72 h
RWIG S, DUJLT RIS K bR MM I T 2L
NARAR X R MM 8 38 BRI (5 g/L) L AR
(10 g/L) JJeHLER (10 g/ L) #4744k L B 0K 1k
JEREERAT T —HREMmAh . el . 2L 2%
ZEWE REWE AR TR TE R s SR - R B
MR B B IR B PR FR VAR AR VR R T HLER Ak
B B RR AL LKA R BE (W R A AR .
1.3.2 Plackett-Burman & 3 3% +t 7% it & & % v
R&  7EA R R Ial L, S H 7 Rl (£
ZERE AR AR T CRERE R LB R LSRN LR
MR 1ER 7 A+, B X1,X2,X3,X4.X5.
X6.X7, %M E R ECH N =12 15 ik it
17 PB IR B i, X B> X 43 i) 32 B s KT (+
D FEAE-(— 1D, Hos A B AR/ 1.5 %,
RIS 7R KSF UL 2 1, RAJL T J5 i 35 AR Sk w1
H R1,
& 1 Plackett-Burman i & & F & 7k

Table 1 Plackett-Burman test factors and levels

PB 56 45 R PR UL 3 > 52 Wi i KA 1~ AT i BE €
P AR AR 3R 2 PR,
R2 3INHWERKEFRERHEEERNESEHE
Table 2 Test conditions for steepest climbing path

of three most influential factors

F Factors

o X2/(g/1D X3/(g/1) X4/(g/1)

1 15 3.0 5 0.328

2 14 2.5 4 0. 315

3 13 2.0 3 0. 370

4 12 1.5 2 0. 347

5 11 1.0 1 0. 339

6 10 0.5 0 0. 345

1.3.4 @ & Box-Behnken X ¥ % i 4k 8

i Plackett-Burman B 1H3R45 (1) 3 /> 5 2452 i A
F I DA S B T 33 9% A2 1 0 1% 45 SR e B 3 A4S KR
it 3 T 3 K Box-Behnken i 5, & A T
KoKk 3 fros

%3  Box-Behnken iX 16 &

Table 3 Box-Behnken test conditions

7K K
SE o i
evel level
(—D (+1
X1 %8/ (g/L)  Maltose 10. 00 15. 00
X2 Hj%H/ (/1) Glucose 15. 00 22.50
X3 48 /(g/L)  Beel extract 3.00 4.50
X4 FERERY/(g/1)  Yeast extract 5.00 7.50
X5 #HHW/(g/L)  Peptone 10. 00 15. 00
X6 Z4L#/(g/L)  Sodium chloride 10. 00 15. 00
X7 Wilig4h/(g/L) Manganese sulfate 5.00 7.50
1.3.3 B2 E  FIJH Minitab 19 4t

T B B4 %) Plackett-Burman % 370 #r, AR #%

EE JKF- Level
Factor it Low(—1) " Medium(0) & High(+1)
X2 12.0 13.0 14.0
X3 1.5 2.0 2.5
X4 2.0 3.0 4.0
1.3.5 #a HAARBE 3 HE S,

B 3 ANEEIRE A, FIFH origin 8. 5 1 SPSS 26. 0
o B PR 2R 3 56 K 4l 2 AT B T4 M5 A Minitab 19 3
1T Plackett-Burman {45 1 RSM (g 4b#H

2 HREAM

2.1 AEAWBIERE.ZTHHRITEHKR MM =LT
R R E E R

i U5 IR A TEHLER X B Bk MM = LT g
Tty 145 1 R TR AR S s R 2 s . DL
B B W I 2- 1) B X il 3 4 R 36 A1 85019 52 i)
B, 4%k 0. 417 U/mL., 2. 2 X 10"
CFU/mL, H WK oy 22 28 W 0] %5 14 0 # . 5L 0E L e
Wl K T BEA (LB s FERR UR A9 P AL 3 ity 1, 6 Ff 0T
(B 2- 10D X i 336 M R0 36 TR 25052 i Ak ok ol AR
B M S R i > PR 3R > B R B > Bk R
A= PR Sk IR B S ) i 3 R 4 R T TR 4Ky
W 0.421 U/mL, 9.7X10"” CFU/mL;7E &
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A AL E o, DL A B o ToHLER (L 2-T1D) ) 52
M fi . 2 AT PR TR K 90 R 0. 425 U/mlL,

B B % Chitinase activity
b

i 5 ¥/(U/mL)
Chitinase activity

N\l

V% B #0 Number of viable bacteria

6.36x10" CFU/mL, K, E&mIma k.
BILER 9 900 by 481 8 4 B RS ALl .
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1z

FTHLEE Inorganic salt

Tl 1. 2 . TCHLER s AL FUAE B, Z 280 C. IR D. A %5 W E. ATV VM F. LB G AR B s H. BRI 8% I AR B4 5 . IR
FKUAERE L EA M. S8 N iR O. LK G M P. B 240 ; Q &L, RFFEFR4LMAE P<<0.05 KF2£

SRE. TH

I . Carbon source; II. Nitrogen source; [ll. Inorganic salt; A. Lactose; B. Maltose; C. Sucrose; D. Glucose; E. Soluble starch;

F. Lb; G. Ammonium nitrate; H. Ammonium carbonate; I. Ammonium sulfate; J. Urea; K. Beef extract; L. Peptone; M. Calcium chlo-

ride; N. Manganese sulfate; O. Magnesium sulfate heptahydrate; P. Potassium dihydrogen phosphate; Q. Sodium chloride. Different let-

ters indicate significant differences among treatments at P<C0. 05 level. The same below

B2 BEEERSMNERMMIILT REEEREEHNZMN

Fig. 2

2.2 Plackett-Bueman if & 1% it
TERL PR R0 A il b, DARE SR B0 7 oAk
Gy (GRS RN AR RE R R AR LA
BB R D 1T 7 T P K F B9 Plackett-Bue-
man iR 5, 7 V64T T Bk MM 5 35 214 52 Wi o S &
i) 3 NKZE . Plackett-Bueman 3 5 % i1 45 5 4n
A4 ProR, B IE R B R N (E 38 0. 399, SR
Minitab 19 #E47 G0 . 45 R WK 5.0 K56
7N X6 ] JO7 45 SR 7 A TE SO R IR X6 T X7,
B X6 Fl X7 165 K7 A F T 5tk MM ™ i
HFR WAy B 15 g/L M 7.5 g/L R A
RN X1.X2,.X3.X4 A X5, B 5
AR AEAR KT B S A )T AR MM 7= il H
JoT VR BE 4 e 10 g/L. 15 g/L.3 g/L.5 g/L

Effect of medium composition on strain MM chitinase activity and number of viable bacteria

10 /L, 3X 7 A4~ B 5% i o7 {0 52 i (1 5 25 I
FRH X2>X3>X4>X1>X6>X7>X5, Wik
PEW A, X1.X2,X3.X4 BA & E &N
(P<C0.05), HIL/EZEHEI X2, X3, X4 18 R
O T 3 56 1 BF 9 X
2.3 EBEMEHBEIRNIE

FIH Plackett-Burman 2 5 % i1 57 & H 52 i
PEEER 3 A F B K X2,X3. X4, 15 i e
Sk f A0 1 A T e K O X (3% 6D, B Bk MM
BTG PERE S X 2. X3, X 4 13 A A s /0 i 1 oK.
iR IR, 5B 3 41 5w N {H B KL B X2 O 13
g/L.X3 K 2 g/L.X4 K 3 g/L 0f W% & & . A
I, PR 3 413 I8 45 4 A i 1 i Box-Behnken
WY B T G 5. e TR R AR X 2 L X 3R
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%X 4 Plackett-Burman ¥ & 1% i+ & I &2 &
Table 4 Plackett-Burman experimental design and response values
% No X1 X2 X3 X4 X5 X6 X7 R1
1 —1 —1 —1 —1 —1 —1 —1 0. 397
2 —1 —1 —1 1 1 1 —1 0.372
3 1 —1 —1 —1 1 1 1 0. 389
4 —1 1 1 —1 1 —1 —1 0.317
5 —1 1 1 1 —1 1 1 0.313
6 1 —1 1 —1 —1 —1 1 0. 357
7 —1 1 —1 —1 —1 1 1 0.399
8 1 1 —1 1 1 —1 1 0. 302
9 1 —1 1 1 —1 1 —1 0.338
10 —1 —1 1 1 1 —1 1 0. 356
11 1 1 1 —1 1 1 —1 0. 306
12 1 1 —1 1 —1 —1 —1 0.312
& 5 Plackett-Burman iR 38 & H & B & I 3R
Table S Effects of various factors in Plackett-Burman test
i E ‘?ﬁﬁ(’ﬁﬁ [ P ﬁ%ﬂé}ﬂ&? R
Term Coefficient oefficient ¢ value P value | Variance Importance
standard error inflation factor ranking
# it Constant 0.346 9 0.003 68 94. 29 0

X1 —0.012 6 0.003 68 —3.43 0.027 1 4

X2 —0.0217 5 0.003 68 5.91 0. 004 1 1

X3 —0.0154 4 0.003 68 —4.2 0.014 1 2

X4 —0.0142 3 0.003 68 —3.87 0.018 1 3

X5 —0.0061 6 0.003 68 —1.67 0.169 1 7

X6 0.0064 2 0.003 68 .74 0.156 1 5

X7 0.0062 4 0.003 68 1. 69 0.165 1 6

X4 WA Ah & B AL 3, B X2 78 13 g/L,
X37E 2 g/L,X47E 3 g/L BYHERL b2k 2k, =
A% PR 1) T o v B 7K - 2 4 R Wk B S 4R R R
R X 3k
£6 3INEMRAETFRRERERERZREEME
Table 6

path of three most influential factors

Test conditions for steepest climbing

o= F Factor

No R
T X2/(g/L) X3/(g/L)  X4/(g/L)
1 15 3.0 5 0. 366
2 14 2.5 4 0.352
3 13 2.0 3 0.411
4 12 1.5 2 0.370
5 11 1.0 1 0.339
6 10 0.5 0 0. 345

2.4 [ Box-Behnken izt 3% 1% i1

W& Plackett-Burman it #1500 3 A~ & &
Wi PR 7B X2, X3 il X4, fe B Te Bk % 12 38 56 45
PR ERN X2 13 g/L.X3 N 2 g/L.X4
3 g/L. LABGIE MmN {H R3, ¥t 3 B+ 3 K
-1 Box-Behnken i 5%, & 4~ 40 B 3 A~ &, iR
WEE SRR 7 iR,

2.4.1 ZkRwmPEABEARL G £ 54 FlH Minit-
ab 19 HEATJ5 25 43 1 (& &), ik BRI K LI P =
0.379>>0. 05, Uk B 1A 85020 3, 2R AN (g 3, 88
RRGE, R R i My A7 T, E REL R =
0.993 7, Ut BHIZ AL RLGK 2] T B WPl & B, &
Minitab 19 4387 8] 5 480 & 15 2] 1% #8551 4 8] 05 5
fE:R*= —6.688 + 0.882 7X, + 0.564X, +
0.620 9X,— 0. 033 19X,X, —0. 183 3X, X, —
0.073 11X, X, —0. 009 00X,X, —0. 017 69X, X, +

E/
i
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0.027 74X:X,, % 7 Box-Behnken iK% it 4R
2.4.2 R @Y *E%Ej:u% [l 5 5 2 j\jEE Table 7 Box-Behnken test design results
Wi R e 3 N E X2, X3 Ml X4 Z[M3EH  F9 No X2 X3 X4 R3
PR FR B B MM 7= i 3% o 9 5 0 il ok — B 4R ! ! 0 ! 0. 359
o, 2 X2, X3 A1 X4 2 [a) 1Y e 7 1 23 A 18] (P8 2 ! -1 0 0. 367
3\4.5) AN B I T 2 e et 9 A 2 R K 2 ) ’ o ' ! a0
F LA L B 7 419/ R 6 1428 9725 £ o 1 : K Z PR
(58 S8 KR R /1 A0 94 T T 19 T4 B0 0 : ﬂ . . b
R 1 B (B A AR 9 I 0 R T . . , . om0
X2. X3 Ml X4 W fEREWREAS X2 H 8 1 1 0 0.414
12.748 g/L,X3 N 2.086 g/L,X4 }3.091 g/L, 9 1 0 —1 0.378
MM R 3% B H 34 0. 492 U/mL. N RE I (4 10 0 0 0 0. 486
8 TE A 1 L R T GO0 AR 20 5 T 45 MM il 3% 14 1 0 ! ! 0350
0.485 U/mL, 5 Mg (AR 1. 27%. 1 2 ’ o o R
TCJRHEFR AT LT TR AR A G 1. 14 s ; Z o
572 45 . % W Plackett-Burman & X ¥%¢ i+ 1 1k 15 0 . . 0. 102
MM 7= i 5 F5 A6 T AT 1Y

KR8 FAEHWEE
Table 8 Analysis of variance model

LR Model 9 0.034 371 0.003 819 87.540 0. 000

21k Linear 3 0.004 252 0.001 417 32. 490 0.001

X2 1 0.001 868 0.001 868 42,810 0.001

X3 1 0.001 901 0.001 901 43,580 0.001

X4 1 0.000 484 0. 000 484 11. 090 0.021

F 7 Square 3 0.028 017 0.009 339 214.070 0. 000

X2XX2 1 0.004 067 0. 004 067 93. 220 0. 000

X3X X3 1 0.007 755 0.007 755 177.760 0. 000

X4X X4 1 0.019 737 0.019 737 452,410 0. 000

XA F 32 BAEH Two-factors interaction 3 0. 002 102 0. 000 701 16. 060 0. 005

X2X X3 1 0. 000 081 0.000 081 1. 860 0. 231

X2X X4 1 0.001 252 0.001 252 28. 690 0.003

X3X X4 1 0.000 769 0.00 0769 17. 640 0. 008

2 Error 5 0.000 218 0.000 044

A Lack of fit 3 0.000 159 0.000 053 1.780 0.379

4% %% Pure error 2 0. 000 059 0.000 030

4131 Total 14 0.034 590

2.4.3 K RIS E S, #17 R
UE AL Z 0 B8 7% B AR N 34. 2 mm, (AL S B 7%
BHARH 31,3 mm, R E 6. 420, MAh, L
R S5 B WLEE 3 TA 7% 10 3R 43 Whosl b I G 22 K
A 55 R A (L 6)

2.4.4 EH MM 3t @A T8 X e Hm BERE
MM & T % W i FEAS 2 100,150,200 A g, Xf

VIR T 10 8 & A 35 A 0 7 L & 285 40
9 95.90% .98, 53%.96. 13% , 1E 150 15 0f & 2
R oMkE ORK SRR TR ERSRERER
. H oy o B X BB 11, 33%., 63. 38%,
35.55%.87.80% .125.00% , %% B & bk MM %k %
UV BE 150 A5 I Xt P ICRP - 19 B 2 A2 1 1 B
(R 9,
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R3 5.3, X21] it T K
Surface diagram of R3, X3,X2
RFFE
Stationary value

X4 3
0.50
R3 0.45

2.5

0.40

3 X2 X3 3% B {F R X iE R Y e R
Fig.3 Response surface of interaction

of X2 and X3 on enzyme activity

R35.x4, X2/ ith T
Surface diagram of R3, X4,X2 Ty
' Stationary value
X3 2

0.50
0.45
R3 )
0.40 4
0.35 «.__ X4
13 2
X2 14

4 X270 X4 3 EE R EiE 1 0 Y i AL T
Fig. 4 Response surface of interaction

of X2 and X4 on enzyme activity

R355.x4 31K i T
Surface diagram of R3, X4,X3 R

Stationary value
X2 13
|

0.50 -
0.45
R3
0.40 4
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CK FH LG, P9 RAB bR (9 A= K 00 & B T 8 R84k,
Wk 10 ME 7 Bk, 4 MM AHL S 8 CK 2 57
fe 2 R BT o L T BT A 43 A i 78. 8200
126.90% . 82. 00% , HH ¥k K& 3 I 4, 3% B 1A Bk
MM REAR KA BE A #F A8 bk A4 s & FON B
FE BRI 17 18 B35 93, 00, 1 bR A9 A2 K I8 35 3 % 31
4l s 2 FON-+MM AbH 5 % FON Ab B ) 4 bk
BROE L E BT R, T BT & 4> B 4% m 56. 06,
40.16%6.47. 62% . Wi 15 18 BN 23. 67, B &Lk
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Fig. 6 Confrontation between strain MM and F. oxysporum f. sp. niveum
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Table 9 Effect of strain MM on watermelon seeds germination

fib 34 e g KRR/ N MR/ em A /em i i /g TRih/g

Treatment Germination Plant Root Fresh Dry
concentration percentage height length mass mass

JRE Stock solution  25.1740.31 e 2.0740.20 f 0g 0.18£0.01 f 0.11£0.01 a

10X 74.8740.58 d 6.1040.20 e 4.1340.21 f 0.3640.01 e 0.0340.00 d

50X 88.5740.70 ¢ 7.90+0.10d 5.43+0.25 e 0.39-+0.01d 0.05%+0.00 cd

100 X 95.90+0.10 b 11.67+0.41 b 7.0340.15 ¢ 0.61+£0.02 b 0.0640.00 ¢

150X 98.5340.42 a 15.57£0.32 a 8.77+0.25 a 0.77£0.01 a 0.09£0.01b

200X 96.13+0.35 b 11.67+0.57 b 7.47+0.30 b 0.53740.01 ¢ 0.06=+0.00 ¢

CK 88.5040.70 ¢ 9.53+0.35 ¢ 6.4740.25d 0.41240.01d 0.04+£0.00d

BRSO BB AR AR RPN FNG F R R R AE P<<0.05 KPR EEH., T,
Note: Data in the table are “mean® SE”;different lowercase letters within the same columns indicate significant differences at P<C0. 05
level. The same below.

F10 ANEKREVEREKR MM X255 8B

Table 10  Watermelon plants biomass and control effect

Ak 7 B /em G T /g T hi /g o 175 15 £ AHXF B 3%/ %6
Treatment Plant height Fresh mass Dry mass Disease index Average control effect

FON 19.714+0. 60 d 3.76+0.19 ¢ 1.894+0.08 d 93.00+5.20 a —
FON-+MM 30.7640.65 b 5.2740.15 b 2.7940.04 b 23.67+4.73 b 74.55

MM 50.6840.74 a 12.82+0.49 a 4.5540.26 a 0c —

CK 28.34+1.10 ¢ 5.65+0.35b 2.50+0.11 ¢ 0c —

A. CK;B. FON;C. FON+MM;D. MM
B 7 Bk MM X EREERO R LR R
Fig.7 Pot control effect of strain MM on Fusarium wilt of watermelon

2.4.6 BEH MM EHREMKRTEELS TN YR 4s CIC. [MMNCo EACes

5 %FHE CK AT H , FON Ab 0 (6 75 JTU R b 145 22 ' -
a MR b A4 R B =L FON A3 5
R4 MM AL PEREHG 58 I 4 R a BHF4RE b FII 4%
RAEE .MM A5, V5 RAE bR 4R R a4
b At g R B B4k #] 23, 543,19, 255 F
42,807 mg/g. 43 M B X BRI & 1. 15,1, 73
1.36 fff. KUK MM BE 98 & 4f b 31 ] FON
Xof 7 JIAE Bk - 2 5 e (T 8)

& & B/(mg/g)
Chlorophyll content

e

%
%
%
4

. . CK MM FON FON+MM
3 ‘Lﬂ— ‘L/K\‘ A3 Treatment
R ‘ E8 ik MM AEEETMEHRNGESE
20 i3 80 AR, B 24 U NN (Serratia Fig. 8 Chlorophyll content of watermelon

spp. ) Bﬁ {ﬁ i) % ﬁ’a %: Eﬁ% i} ﬂi i ° @ E‘E 5§ %T :DT Uil plant under strain MM treatment
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Yy EC TR AR PR AE T 43 W60 8 vk A AR 40 Joi il e
MR LT A RS T L
LR 5% 8 Ak A B R R A 5 R R R 3R AR R 4
o U AR 7 R, DA A 355 R T R 1) 2 B AR
R, Patidar 58Nkl 2 42 = LT IR
AIER S R A BT R HUE M. T RS
SERARBESEIF R B b MM Y LT 5 45 R
b B TR R MM 78 I A 2299 1 B 36 380 R IE AR

5 FR AR A Tl A 7 v 2 B Y R 4%
T, e SR B4 A SR 52 AR ) R R R
2 IR T EX Y FE IRE MEWO6 57
it 2% R Ak v B 1 B 1 A DR RN ZRUTR 4 i Ry
A A AR R LT e O AR Ak T
2. 58 i, UD TR TGP B 37 A MR BERERAIL, B 97 5
2H 43 a7 5L 6 Ak LU TE LR SE A R L
Wl OBUE L 220 B2 4 TR (BRI RIOCR A AN
]2, AR5 3 2k me T 3 P b O A S A 4
12,748 g/L AP 2. 086 g/L l A Ny & sk vb
IR MM = LT Bl i e b AU . X5 TF
ST A A —

JUT B D B A T 3 40 R R,
BN T BT L 24 A B R AR 3 AR R A I
K Ak ER A g RO R AT AL AR ) 2 B Y, Patidar
ARAL T AR RD-101 77 LT 5 B Y & % 5%
4, o Tl Ak Az 7 LT J5 i B2 L 7k 0 3 T Rk
RSM FEA Wb B i AR S T 32 F2EH T IE5E
RV A W 25 B BT B AR s v
YOG R, TR S g 4 i 1B 32 B o i TR
FEILT BB G L R RSM A4k 72 JL T i %5 9%
B WG 23, 7790, BARRAR DY R A s &R
1 RSM X B B G-254 72 JL T 52 il k18 45 1A
{0 J5 WG 35 6. 86 U/mL, 485 T HI B IE M, A
5T % AR MM A 5 7= LT I i 5 1k 0. 485
U/mL, JUT BTG P38 w1 14 %, 30 482 5
6.42% . KAEWFFEUE S AL By B HL A B AL 2 4R
Py KOO Dy g, 3 30 7P B LG I EL A B e R
AR AER . I AR I 5T R L 3 3 VD LG
A21-4 {4 2 5 B RAR 35 1 4y B4R R 86, 1%,
481. 80 » TE MBI AR 101 10 & 42 v T Mk i L 2R ML AR
B AR AR T R IR G
210 Xof T4 T 06 8 9 A1 4 U JRR 151 99 A5 AR - 1) B VA
R AR 43 B PR 16, 63% .14, 35% . ASHF
FEFRM, TR MM BB 2F b 7 17 & . £ /55 AT B bR
T R R T R 3 X G TR, 25 0 A ELAE

(BT IR R B s ik 74.55% . L, A L Z X
T b B I MM HAb 2 B By 36 LB T 5% IR
AHRGE , R 3R vb 5 G MM FERAVEY A= Y B iA
AR T N P AR A B e BR A
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Optimization of Enzyme Production Conditions of Serratia plymuthica
MM and Its Control Effect on Watermelon Fusarium Wilt

MA Jinxiu,ZHANG Jinfeng, WANG Jianglai, LI Jiajia,
LI Zhaoyu,LIU Lu and TIAN Yonggiang

(School of Biological and Pharmaceutical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract In order to improve the chitinase production of Serratia plymuthica MM and enhance the
ability to antagonize Fusarium oxysporum f. sp. niveum , the medium composition was optimized by
Plackett Burman design and response surface methodology, and the effect of the optimized fermenta-
tion filtrate of strain MM on watermelon seeds germination and control of the watermelon Fusarium
wilt were determined. The results showed that the best enzyme producing medium was glucose
12.748 g/L, beef extract 2. 086 g/L and yeast powder 3. 091 g/L on the basis of initial pH 7. 0, inocu-
lation amount 3% ., temperature 30 °C, shaking speed 180 r/min and fermentation time 72 h; the
chitinase activity of the optimized strain MM was 0. 485 U/mL, which was about 1. 14 times higher
than that before optimization, and the inhibition rate was increased by 6. 42%. Different dilution
times of the fermentation filtrate of strain MM could promote the germination of watermelon seeds,
the most significant improvement reached to 98. 53 % when the dilution concentration of MM fermen-
tation filtrate was 150 times; the pot experiment showed that the plant height, fresh mass and dry
mass of watermelon plants treated with strain MM fermentation filtrate increased by 78. 82%,
126.90% and 82. 00% , respectively, the control effect on watermelon Fusarium wilt was 74. 55% ;
this study provides a theoretical basis for the production and application of chitinase of strain MM and
the control of watermelon Fusarium wilt.

Key words Serratia plymuthica ; Chitinase; Response surface optimization; Control of watermelon

Fusarium wilt
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