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G EINE (Vibrio sp.) LA-05 % B 5 FH 12 4 B B 4K
Rz DI E M R H & B

EE", FET, KE©

1 SR 2E BRI RS 24 BE, 1h7% DG 261053
2 D T AR ERESREAR, DA #H5 261000
3 MR AR ANIE DA 2ERE, INZR S 261053

E B, R, SRAT. W EINE (Vibrio sp.) LA-05 kB VROHLER W) 14 FF (A SR 400 ol 1644 B O R B A5 AR AL [T, Bl 2= id@ ik,
2023, 50(3): 894-908.

WANG Yu, LI Feng, ZHANG Hong. Quorum sensing inhibitory activity and fermentation condition optimization of crude extract
of the marine bacterial strain Vibrio sp. LA-05[J]. Microbiology China, 2023, 50(3): 894-908.

M OB (B SFEMAEDRB DA A RAEF A RRERD RO BAERR, L FRTEL
R 6,5 H7 A B AR R S 49 %) 7] (quorum sensing inhibitors, QSIs). " & & ik &35 F % 7T =k B Y3 AL A )
SEREFr A MG HHFKXE, FEREFRLZIAERNEFT N, TH B AR =0
RABEMHNEREZTAMNE RESMH. [ B8] 28 & HA (Chromobacterium violaceum) ATCC
124727 A 3T HE #k, R EFINE (Vibrio sp.) LA-05 KB RAR M BHIRBR RZ MH F . £EH
FRE AR L, &R0 R @A R AR KBS RTRAL, ARG L RBERE P E AR e
T [ FTEYERAFBFRY BCERTMIHE, BISHABEARDTFEATAAERGER AL E
FFENY A RLBERREIR EFH, £ HZXELAALE, KA Box-Behnken % /&N, WA
RexipH ERmgE, ddrapy @K RCERAE S, KAnRe L RBR T EEDRG >
BARARIEAATH AL EHALETARKGRETEAA, HRWTRRAZZHEE T £,
AR 2 R R, R ARBESME N RBERE 37.59h. KB2RZ 19.28 °C. 4k 4##:% 154.21 r/min.
BT 237%, REFEH ERMNEA 53.38%. Z2RIIIE, KEZIH E N 52.85%+0.64%, 5
AL RRAMEANL, R ZHERA SRR RERMSEZERS, BATREES, BATIT
Mo (45 & FINE (Vibrio sp.) LA-05 XK B 2 4h A AR R pH EFh. KERi@idmyd
ERFTZARGRRERBELMS, TABEH AR E N F G TR T A,

KR A INE LA-05; KBRS T4, BRE; AR &%k, KRBT

RN H - Dy e e L RS Bl A

"% AR SCTTRAH 7]
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Quorum sensing inhibitory activity and fermentation
condition optimization of crude extract of the marine bacterial
strain Vibrio sp. LA-05

WANG Yu"!, LI Feng”?, ZHANG Hong"

1 School of Clinical Medicine, Weifang Medical University, Weifang 261053, Shandong, China
2 General Medicine Department, Weifang People’s Hospital, Weifang 261000, Shandong, China
3 School of Public Health, Weifang Medical University, Weifang 261053, Shandong, China

Abstract: [Background] The metabolites of marine microorganisms are considered ideal
sources for discovering natural active substances, which inevitably include novel quorum
sensing inhibitors (QSIs). Response surface method uses multivariate quadratic regression
model to fit the relationship between each factor and response value and evaluate the effects of
factors and their interaction, which can effectively screen out the best conditions of the factors
affecting the microbial fermentation for metabolite production. [Objective] The quorum sensing
inhibitory activity of the crude extract of the marine bacterial strain Vibrio sp. LA-05 was
investigated with Chromobacterium violaceum ATCC 12472" as the indicator strain. To
improve the production of active substances in the crude extract, we employed response surface
method to optimize the fermentation conditions of the strain on the basis of single factor
experiments. [Methods] After preliminarily screening by the agar plate diffusion method, the
growth curves and violacein production of C. violaceum ATCC 12472 were employed to
evaluate the quorum sensing inhibitory activity of the crude extract. On the basis of single factor
experiments, fermentation conditions were optimized by Box-Behnken design and response
surface method with violacein inhibition rate as a response value to improve the production of
active substances in the crude extract. [Results] Within the concentration range that did not
affect the growth of C. violaceum ATCC 124727, the crude extract inhibited the production of
violacein to various degrees. The fermentation conditions were optimized as fermentation with
the inoculum amount of 2.37% at 19.28 °C and 154.21 r/min for 37.59 h, the extract obtained
under which had the expected inhibition rate of 53.38%. The verification experiment showed
that the inhibition rate of violacein was 52.85%=0.64%, close to the model predicted value. This
result indicated that the regression model had a good fitting degree with the experimental
results, being reliable and feasible. [Conclusion] The crude extract of the marine bacterial strain
Vibrio sp. LA-05 possesses quorum sensing inhibitory activity. The fermentation conditions of
this strain are optimized by response surface method, which will lay a foundation for the
research and development of novel QSIs.

Keywords: marine bacterial strain Vibrio sp. LA-05; fermentation metabolites; quorum sensing;
response surface method; fermentation conditions
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aof B R RN B0 AE 2R 2 0 20 0 A T 2
PEM, PiA Rtk E &l 21 e kAL
DA T A B ) — P, B R ARG
BB, R BURRAR S BAWTARSE . SR, TE
YU RFFEAAERNEIIT D EUEE AU
MR S R U, kb A RAE L
RUBHIEPUAE R A WP AE 2 OKIE A
EATAT LA PU A 2 R4k e Bam , ik i {240 1
AP RN AER . Pid Rk At B
I PREEZY | S TAE FES POl 45 1 ™ B 5
FEAFER IR S MR, Wik, A8
Y15 SR ZH B A 805K W SR X470 20 T S50 7k i
PrA R 251

HEAJR ) (quorum sensing, QS)J&— Mgt fL
PR G, T LA W20 R A 7 200 A ) 9 388 4 o)
HEAT Tl . B EME A KRB, T
(R EEYE N, ECTA PEAAE AL R & A AR AL,
R H D R A B A B R TS LA A RRAE R
BN A B Y 0E 5 50 T TR0 B REAR 20N 5
Girb ki R REEEMN, BN TH— RS
£ JIG I LA 20 i 28 R AR 1)y X A T M
T 25 B2 TR B A, 55 205 AR BTS2 A+
HAEA, @ a2 A E ATE N E A ES
1Rk, s BN HIE S 14 1B B A LA 5 Ry
FEFE R FRIL, IR REE Y BT T, n
PRI BT EAER . AR
1B g PR AN A b 2 A VS AR R
il 3] (quorum sensing inhibitors, QSIs)/& 5 HLL
AT LA 33 T4 A R AR B P o, &
IFEASSE M 20 0 1E 5 A BT T, AT DA RS
PR EE T R 1 A ) A R B ) R
FEAM ARG, 24 QSIs ME AN 3L
HEOPEIRSS , T 20 TR A A A7 I 52 B3R K ik
FE T, BRI, AR ™ AR AR 2R 241 i A e

WA KR REAR . 25 Lk, B A B 41 i 7] A
] 36 T 2 BRT J% G 1 9 Rk 205 S A A 4 7 A
Pk R i 2B AL T ) B R )

TR S HBR A TR 70% A E, HRBIT &
(AT S 1 258 = AR A A AR 0 9 U W
AR 2, BA . sk, SEEFR.
HAE IR U R S A S T R E 2 K
WIFRFEL M g EA , ©IF B AR i AL i A E
T R AR TR R 1) A2 A R, AR R Y T T &%
BB RS B R v REPE o BRI, WA AR
W PR S ke IR B SR TE ML A P
TER R, H R R AT s A HE B B R AR 1
HFU AR, YRV 21 R TR
A= AR ) H AR B A TS, ZER IR
FH 5 S A A 40 5 | B ) 5 T A 8 R
U, AR —Fh ek R A L A
LA B — BN RS0 CviR-Cvil, R 2%
T —FCS ™), 52 CviR-Cvil R4
BRI, 3RS AT R N
VA ) AR PR, X2t R A Y
R/INAT DS WA A 1 41 i 355 2 ) 58 55

BRI R EE T2 —Fhw ik
RWESFA T, AT it — 20 A e 1o TR Ak B e
B8 AR e LS W =2y B M E . A LN
WA & B R R s il A Y A Y UE
R =P ey 25 R R AR R EE-. 5
A, BRI 0 T 32 B PR v At 1 i o TR 3R 1 B
PR, BN R B 2 KE T iy A Pt S A
WP, B DA T ) R AR
OE7

FEHT I T, DAV (rh [
36°09'N, 120°32'E)iE ¥ DU i ik H — PRk
S RN E I RRE, 54 R Vibrio sp. LA-05%,
AHI 5 A0 B R VAR 4 0 W2 TR A T TR 4
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Wy B R A SN I T 385 1R A TR0 20 AN IS, O T g
15 A R IS PR B0 R, DURLAR Xt 55 (AT 1
SO IMH RS, 7R N FA A L, 8
Ao ST T 3 A R IR TR R I R PF A T LA, LAY
N Ja SRR I YEY) B BR | 2R | AR
SE R AE Al B8 St

P

1.1 #HE
111 SEIREHR

WEFE T B PESINE (Vibrio sp.) LA-05 A
L7 A (U RECHIERE ST 2E 7/ B < B3 2 e ee
fEFEPE . 16S rRNA FE[K 751 Ko R G0 % 404
WA N I 8 o TR AR O DR RE SR s T 1 3¢
o 4 ¥ % B b 0 (World Data Centre  for
Microorganisms, WDCM) f#) H [E] L 781 5% 55 1) £
j8% 7.0 (China Centre for Type Culture Collection,
CCTCC), 14545 CCTCC M 2018089, $5/1
%Hﬁ%@i‘?%(Chmmobactermm violaceum) ATCC
124727 R AR SLB 2 fRAT
1.1.2 EFE

T 7K B M S (P B, 36°09'N,
120°32'E), Joi B LB Km0k,
0.22 pum JE M 8IS & -

KRG FR A (g/L): BAME 5.0, FEEK 2.0,
pH 7.0-7.2, 121 °CK 4 20 min J5 £ .
113 EZRXFIANEE

R AEEREN, Oxoid A5 EALE,
ARG A R 7] 5 BUIEKS, Solarbio 23
Ay LROHR, BRI GIARA R, —
FHSESEA, [ 24 2 AL AR A IR A R K
Wi, Zealway [NAF A RAH]; G RE &
OAL, Sigma BLOHUARAF]; e zz kA, &R
P AR R Sk s R BETR G A, RN A
WAL BRA W] 5 BEEARAL, ZEER R RBHA R

/A

1.2 753
1.2.1  AEKH TR

PR PEIN I (Vibrio sp.) LA-05 4% 1%4%
PR R K IG TR, #E 20 °C. 150 r/min 5%
P FER 24 h, TEAUE R BRI BB 2%
FER AR KSR A, 7E 20 °C. 150 t/min
SN KRG 36 ho IFE 455 , 4 °C. 8 000 r/min
B0 10 mine BCEVEWR, T 0.22 pm JERELIE,
B AN AR FITUE . 76 W e R A AL 3
W REE BT, IASEATRCIRCER, 7RG
IRSIAHHE 20 min, WA FEZAVIM, B EE
W R CIRAEI 3 W KR A LRI
T 75 R, FHNERE 78 kAL 25 W ds 2= Wit f
Bk, FREJSICE. B AR MBI Y
BChil A 100 mg/mL AE AR, R4 022 um A AL
AHUE RIS UEBRET, T 4 °CUKFAfBAT& o
1.2.2  IRBE AR BUAR M AE 12 P B 4k B Rz 3D
H5E M

BRI RO L 3% %A R3] LB
WARREFRFER , 28 °C, 150 r/min 2508 T & 551t
WIELE . B LB Bilgssgist, &mEX
RIS, BT RS TAEGN AKRRA, FRHR
FEVEENZE 37 °C A AT 4 2% Rl I AGS AL 5
R, FOAMRAIEEIATCERSRIL, 8 15 min
RN . RATILEAE A EATHL, 5%
30 pL AN[RIVR B K I HL AR I (4. 6. 8. 10,
12 mg/mL, HEEREFDRKTOMARIFLA, [FEf
DL R s Sy o) B, P 11 28 3t e A TR 5 9
Firh, 28 CCHE1EFE 24 h G WELLE R, ik
FEE 3417,
123 ARIKEMHEREYTEEFEEKHZER
KEETFENETM

WG A0 B 58 T TR DR VR 2 %o Pl i B2 il
3| LB WIS, 4300 AR R FRAE i
(100 mg/mL)ffi$% 37 5 v & WERORHL FR 0 i 2k
FE40.01, 0.02, 0.04, 0.06, 0.08, 0.10, 0.12,
0.14. 0.16. 0.18. 0.20 mg/mL, [RBFLLAIIA
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FHEEPIRE S I SEIR AL R B X IR, #E 28 °C,
150 r/min 05 N 537 48 h, 438 12 h =AM+
B 200 uL A BERZE 96 FLbkH, B RS 4 MR
fL, FHBEBRM NS ODgoo (B2 R IR

TE 43 HTML B2 ) X0 28 (04T T 48 40 20 )77 e 5
AR, XFRARAIES . HeRh RS AR S Lk —
H, HEFRAEA 12 he KRR 1 mL &
FERZ 1.5 mL 70842048 (Eppendorf, EP)H1,
14 000 r/min #5.> 10 min, {45 X AHIATTTE,
FBg B, A SRR W IR, R
TRt e R, ARG, AR5
14 000 r/min B.0> 10 min fHFEATIRE. M EP 4
I 650 pL FVEWMA R e, A
LA ODsgs, T E 3 A7,

trolODgg — test OD,
S =
controlODsg;

585 %100%

124 BERAEEIT

B DR 2R B0 43 1 AR IR (] (h) . R TR
(°C)  $3 PRI o (r/min) R (%) W BN &,
DUKTHR A X 56 60 2 7 i (R I ) S5 25 A hR Y,
R 4l L 25 SR 25 6 PP Al AN ) & 18 45 1 ) & AR
™ P R B A A B AT S M R e, e F
FZ 0 o i B B, R AR e A vk B Y Oy
0.10 mg/mL,

1) T[] X625 6, 2 i 22 04 5 i)

BTG AL I BT PRI (Vibrio sp.) LA-05 $%
2% A R RN BN K S IR I R R A )
WEN 12, 24, 36, 48, 60 h.

AL E N R IR 20 °C, F2IREE
150 r/min, fZFE 2%, WHLSERGERE 1.2.1
s AR R Y, FRE IR g S0k, ARG HEIR
1.2.3 WK AN [F) & P Bsf ] 2R A5 A RLER 0 1
SERMEIE,

2) R X 28 G A 2R ) 5 )

PR ARG BT VEIR IR (Vibrio sp.) LA-05 F&

2% L P LA BN K RE R 3, R IR S
BWE M 15, 20, 25, 30, 35°C,

HAth 215 B o A BT E] 36 h, FEARHS
150 r/min, ¥FhE 2%, WFE LSRG 1.2.1
s AR R Y, FRE I g S0k, RS HEIR
1.2.3 W5 BRI AN ] 4 IRt B AR A5 AL 2 1Y)
EEFEIHZ,

3) DR A T 25 (0 R i 2 0 52 )

BTG AL I BT PRI (Vibrio sp.) LA-05 $%
2%t Pl A BN K RE R I rh PRI S i
BEH M 90, 120, 150, 180, 210 r/min.

HAl £ F 5% B o R R IR] 36 h, KR
20 °C, #FhiE 2%, WE ARG 1.2.1 by
PR, FRE TS0, AR 1.2.3
HR 5 A DU AN ) 42 R 2 S R A AR R B2 0 1 5%
E(ll

4) HEFh R 55 A R AR 2R A R R

BTG AL I BT PRI (Vibrio sp.) LA-05 $#%
2% Rl B LR B RK R FRAkrh, B AL R
BHH 1%, 2%, 3%. 4%. 5%

HAh 21 B M L TR 36 h, KR
20 °C, ¥E PR 150 r/min, JF 5 45 o 58 1.2.1
s AR AR Y, FRE IR g S0k, ARG HEIR
1.2.3 HR 5 A IS [ A 2 AR A A R A 1) 4%
BRAEIZ,

1.2.5 M EER AR TS

RN ERE SR IEM E, RA Box-
Behnken 15 11 5 U358 B BERS (B (h) . & L BE
(°C) . FEIRHLH (r/min) , R (%) AR, DI
o AN A A, BT IY PR 2R = K Y- i o T
AT, ALY EE (Vibrio sp.) LA-05 4
ML) R — AR, -1, 0. 1 afig ik,
o 3K, IR R SRR 1R,
TESATIZR o3 g i, A FH A AR W 2k B2 34 Oy
0.10 mg/mL.
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F=1 MmEEmREERSKE
Table 1

Response surface experiment factors and levels

K- [AZ Factors

Levels 4 % g i) B K E C #3R¥e D b
A4 Fermentation time (h) B Fermentation temperature (°C)  C Shaker speed (r/min) D Inoculum amount (%)
-1 24 15 120 1
0 36 20 150 2
1 48 25 180 3
1.3 #HIESHh 212 MHEVMMEEHFEEKMEREGRS

Jir A E P Y R B N 2R 7 22408, Dunn’s
ZE R, 45RO hRifE 2 (3£ SD,
n=3)Z/~, JFH Origin 2021 £ KZ%K, Frfik
I Z /DT 3 . P<0.05 B} P<0.01 435l 225
W E AR . W AN ER R ] Design-Expert
11 AT S 30 I % BT 47 5 22 53 -

2 BER540

2.1 ZEHS AR IR B AR R R A E
4 53 #r
211 BEORRERIINGHE M 7

L 1 BB AR 0 S IR 25 S AT R 4R
Yk EEH 6. 8. 10 mg/mL I Y945 B i (1 28 (0, 2%
Il P (G R S bR E), TE 12 mg/mL A H 3
IR 12 o5 B 0 e Pl (B 2 S b i), SRR I
PRI kLB ) EL A TR A Sy S TG 1, R 3
Wb S A R A1 1 5

Control 4 mg/mL 6 mg/mL

p
L

12 mg/mL

8 mg/mL 10 mg/mL

1 HEEFRY HUEER
Figure 1 Result of the agar plate diffusion method.

=1z 0pA

HIE 2A A[FER BRI S AT A
RINFZIR AT, M2 AR 0.01,0.02., 0.04, 0.06
0.08. 0.10 mg/mL i}, MY LR AR
FEARA AR M2 EE R 0.12, 0.14, 0.16,
0.18. 0.20 mg/mL B EAFFREREE K, HHA
KZH|—E#m . el A, AR Yk
YITE 0.01-0.10 mg/mL I N FEAR & A FT
FIEF K

FH &1 2B AN (R B e A ™ R B v 55
R AT A, 28 AR P R L)
W B3 o, R AR E S 0.0,
0.02, 0.04, 0.06. 0.08. 0.10 mg/mL I}, il
AR 7.54%.9.98% .13.55%.32.61% .41.62%
Fl 53.36% FEAS M8 AT I 1E 8 AR K A IS Ol
T, MHIEYHE N 0.10 mg/mL B X LA =)
il BE S d5cite, 1 HLA K6 22 57 {8 35 (P<0.05).
I, FEREA T B PR 2R K e 107 T LAk e s, A
VIR YA 0.10 mg/mL.
22 BEZRABER
2.2.1 REERTE)XT K ARG RN

HHE 3A RIRN, MR R 20 °C. Fhll
150 r/min ., R RN 2%, Bl A FERT ] Y
AWHE , M2 0% E IR A T RER
Rt MR IRy 36 h Ik F R (., I,
PR T E] 36 h A ffdE.
222 AREEREXMNEGERINGRNEN

M & 3B AT, YR EER R 36 h,
150 r/min., fERMEH 2%, BEH & B E A
W, S5 R Il R 25 BT R TR
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A 257 B 60r
55F :
20f 0T
45t s
9 i
L3t ——— :i‘;
g ¥ ot em— g E x
C10F ////”——Control ~—0.10 mg/mL 2 55l
7/ ——0.01 mg/mL ——0.12 mg/mL =
7 —-0.02 mg/mL —0.14 mg/mL £ 20¢
0.5} —0.04 mg/mL ——0.16 mg/mL = 15k .
—-0.06 mg/mL. —-0.18 mg/mL 10k . T
0.0k ——-0.08 mg/mL 0.20 mg/mL g
. . . . i 0
0 12 24 36 48 0 0.01 002 004 0.06 0.08 0.10
Time (h) Concentration (mg/mL)

2 TEREEREINEZEHEERKQOREEGBZSE®NEMW 0 HIEDHESHMEN
0 mg/mL, JLXFRAEEREMEIRN 0%. *: P<0.05, SxfHALI LA 0%
Figure 2 Effect of crude extracts at different concentrations on growth (A) and violacein production (B) of

Chromobacterium violaceum ATCC 12472". 0: The amount of crude extracts is 0 mg/mL, and the violacein
inhibition rate is 0. *: P<0.05, the difference is significant as compared to control.

A 60 B 60
55 551
50 F i 50 F
= 45 F 45t
S 40l S 40f
BE ST wg Br
=z 30} X230t
=2 25} =825}
Z 20} S 20
= 15¢ g 15 F
10 b 10 -
5t 5Lk
0 1 " 1 " 1 " 1 N 1 " 0 1 1 1 1 1
12 24 36 48 60 15 20 25 30 35
] KR
Fermentation time (h) Fermentation temperature (°C)
C 60, D 60
55+ 55+
~ S0t 50 F
S 45t = 45}
2 40f < a0
‘_ﬁ*- 35t B O3ST
=25 30} t =c 30}
=2 =3
s 25¢ =2 25}
€ 20} =20}
15+ E 15t
10 10
st st
0 1 1 1 1 1 0 1 n 1 L
90 120 150 180 210 1 2 3 4 5
PRINEG R
Shaker speed (r/min) Inoculum amount (%)

3 MMARERMEGR~ENEM A KBAHE. B: &ZRLE. C: FRFHE. D: ffhi
Figure 3 Effect of four different factors on violacein production. A: Fermentation time. B: Fermentation
temperature. C: Shaker speed. D: Inoculum amount.
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P B TR R 20 CCHEA IR E. HI,
PR AR 20 °CofetE .
223 EREEREN R BRI RFMW

HI[E 3C AT, YT 36 h, AR
FER 20 °C. HERhR 2%, BEE R AR A
AW, S A EA R e TR R RS
P MR H R 150 r/min B35 2 & S {E -
I, BEEEFRIRELHE 150 r/min A fE.
224 EMEXNRERNE RN

Hi[& 3D All, AEERTIE] N 36 h, A RER
JE2h 20 °C. 3k 150 t/min B}, BEEFN LY
AN, 5 AR LS TS LR T Y
R MR 2% kB R . Pk,
PEHeRh it 2% etk
#< 2 Box-Behnken i3I IT RER
Table 2 Box-Behnken experiment design and results

23 MEEmREEITREZMHSH

PLE PR R B e O o v K, SR
Box-Behnken & i), UL EERTE] (), A& B
JE(°C) . FEIRFE H (r/min) , P (%) AR, L
S FAD W W AR, Bt &R =K s
5, SEERTETT Mg R L 2. F)F Design-Expert
113X 25 2 S B dls it AT — ik Z oo A5,
EEEE M BRI (1), BRERIEB) . 7
IREEH(C) . i (D)IX 4 78 i) IR 2 i [E]
HE TFE N -
Y=52.57+1.144-1.21B+1.55C+2.91D+0.494B-0.005

AC-1.134D+0.59BC-0.13BD—-0.67CD-2.454*—
3.868°~4.37C*-3.63D" (R*=0.938 4).,

i 3 Al A, ZEAERR R F=15.23,

LGRS i 7KK Design levels i =
Experimental 1 e ] B WA C TR IR D PRt Inhibition
No. A Fermentation time (h) B Fermentation temperature (°C) C Shaker speed (r/min) D Inoculum amount (%) rate (%)
1 0 0 0 52.85
2 0 0 0 0 51.64
3 1 1 0 0 45.57
4 0 0 1 -1 41.84
5 0 -1 -1 0 45.88
6 0 0 0 0 51.30
7 0 0 0 0 53.37
8 -1 -1 0 0 46.99
9 -1 0 0 1 48.91
10 0 -1 1 0 46.55
11 0 0 -1 1 47.70
12 1 0 0 -1 46.89
13 0 0 1 1 48.76
14 0 1 1 0 44.54
15 -1 0 1 0 47.23
16 -1 0 -1 0 42.18
17 -1 0 0 -1 42.20
18 1 -1 0 0 47.87
19 1 0 0 1 49.08
20 0 1 -1 0 41.50
21 1 0 -1 0 44.71
22 0 -1 0 -1 43.18
23 0 -1 0 1 48.19
24 -1 1 0 0 42.73
25 1 0 1 0 49.74
26 0 0 -1 -1 38.12
27 0 1 0 1 47.15
28 0 0 0 0 53.71
29 0 1 0 -1 42.66
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Table 3  Significance test and analysis of variance for the regression model

A Skl B ¥J5 F P B
Source Sum of squares df Mean square Significance
iR Model 399.95 14 28.57 15.23 <0.000 1 Significant
A 15.46 1 15.46 8.24 0.0123

B 17.55 1 17.55 9.35 0.008 5

C 28.74 1 28.74 15.32 0.001 6

D 101.5 1 101.5 54.1 <0.000 1

AB 0.96 1 0.96 0.51 0.486 1

AC 1.00E-04 1 1.00E-04 5.33E-05 0.994 3

AD 5.11 1 5.11 2.72 0.1212

BC 1.40 1 1.4 0.75 0.4015

BD 0.068 1 0.068 0.036 0.8522

CD 1.77 1 1.77 0.94 0.348

A? 38.88 1 38.88 20.72 0.000 5
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Figure 4 Three-dimensional stereogram of mutual-influence for different factors on violacein production. A:
Mutual-influence for fermentation time and fermentation temperature. B: Mutual-influence for fermentation
time and shaker speed. C: Mutual-influence for fermentation time and inoculum amount. D: Mutual-influence

for fermentation temperature and shaker speed. E: Mutual-influence for shaker speed and inoculum amount. F:
Mutual-influence for fermentation temperature and inoculum amount.
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Figure 5 Contour plot of mutual-influence for different factors on violacein production. A: Mutual-influence
for fermentation time and fermentation temperature. B: Mutual-influence for fermentation time and shaker
speed. C: Mutual-influence for fermentation time and inoculum amount. D: Mutual-influence for fermentation
temperature and shaker speed. E: Mutual-influence for shaker speed and inoculum amount. F: Mutual-influence
for fermentation temperature and inoculum amount.
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