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BEL. RRE. BAE. HRF SARBAATER E XA LGRS, OREMT T, SRET ACT =% K IMRR A
pH>IRE>FORE>EAT E>451% . 5 ¥eh ACT F 97 3 09 BEF 470 i diXEe, FHRELBELMH: pH 546, R 3730 C, £k
4920 mL, BATE 5%, 41k 210 r/min, ELFAF T EAREIELEE ACT 09-F 3 = %% 25.60 g/L, HARILATEAR ACT =% 18.37 g/L
RET 39.36%. AFRAAENE P ACT 694 = Tk — 4551 R, BLIFATRF AT AR QB ReAT @A EXZAR .
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Screening of a Bacillus Strain with High Acetoin-producing Ability and

Optimization of Its Fermentation Conditions
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(Sichuan University of Science & Engineering, Liquor Making Biotechnology and Application Key Laboratory of Sichuan
Province, Yibin 644000, China)

Abstract: In order to alleviate the dependence of acetoin production on petroleum, a Bacillus strain with high yield of acetoin, greater
tolerance to acidity and ethanol was screened from Nongxiang Daqu by spectrophotometry in this study. The strain with was identified as
Bacillus velezensis through morphological observations and physiological and biochemical tests and by the molecular biology technique. The
single factor tests and orthogonal experiments were carried out on the five fermentation conditions of the strain, including pH, temperature,
liquid loading volume, inoculation amount and shaking speed. According to the range analysis, the extent of the influence of each factor on
acetoin production was in the order of pH>temperature>liquid loading volume>inoculum amount>shaking speed. Response surface
methodology was used to optimize the first three fermentation conditions, and the optimal fermentation conditions were obtained as follows: pH
5.46, temperature 37.30 ‘C, liquid loading volume 49.20 mL, inoculum amount 5%, and shaking speed 210 r/min. Under these conditions, the
average yield of acetoin by shake-flask fermentation of the strain was 25.60 g/L, which was 39.36% higher than that before optimization (18.37
g/L). The research provides guidance on the strategy of microbial production of acetoin, and the selected Bacillus velezensis has great application
potential in enhancing the flavor of Baijiu.
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i1 AR = PR Win i ) A7 NI=R 73 = 2L E S S RN
JRE. PR . R R BRI A A
WAL R, S AMERE. B MW 2P,
XTI E R A 2 T ARG I AR T A il T 2
MRSy, T T A T IR R XU A A
Hh RO ZE | 35 B R B s iR Tk 62 °C
T 2R AT TR AR AE R 2R S0 e PR SR e,
WA R ) £ () R A 2T 2R AT B O FE R B LS
WML —o FFEAHRSARE ACT. 23-T
TRELL R S R A IR E R R R R
Y, B AU = AR TER i . B RS 2 PR,
HEBIA K P AR R (88 R A A S B AT,
ACT 2244 3-#255-2-T i (3-Hydroxy-2-butanone), &
— M EARFRY AR FIE R AT, A E
PIEIR, RWERRAE T — MR EZENYR,
WP E TR, AR S 2N
P ACT [t — 7 B ) s PR I Ak 2 B
JTEZRT R, R, i, SRR AR
T E KA RN A A3 iR o7,

ITEEAE ACT & 7 ANHIRIT SR Z 9GE, ACT
A7 ik BT A A R B O A
N A B H AR RSN, 5
HEER R L, A6 BIEIZE PR A& s
B A G s AR A P ) AR PR E AN B
SRR s, DRI BRI, fE—E A NiE
RBERTS ACT I—Fh REFITE, BRAERE, &UF.
gRfh, SRR ATRRERIRE A BRSRERSZ B B L
[RIRTE o TEUAE R R, 1 B =% #2021 ACT
MR, MCHRRETZ, WM ACT “EA R
S B,

HARFHHREW HR G ACT INMAEIHIRZ .
TIAN % H At Gt € 5hah b 49 38 A B 2R AT
(Bacillus subtilis SF4-3), M AL 5755 ACT
PHERIAT] 46.2 g/L; TEIXEIRA 251 S04 Iy ah i £

(Hanseniaspora guilliermondii) WITERLREE&AT (i
EIFRREE. WREE. pHD BT, (HfREZ ACT /™=
Hi5%] 365 mg/L; ZHENG ZUNgus R FUAT i

(Lactobacillus harbinensis M1) NHT 25K, {#
H AR 2, & GOMS 4r#r 2,3- T 5 ACT
R E N SUN PR IR 7 TREHE s 1 R
W IR (Serratia marcescens H32) ¥ ACT F =&,
A AEI U IR E ACT F=&iAE] 75.2 g/L; LIU %5
5L NADH/NAD' £ R 45 51 A\ 2 5528 28 f AT 1

(Paenibacillus polymyxa CIJX518), MIfifi ACT 1
2,3- T 2 (B934, ff ACT e KF= 8N 57.20 g/l
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LR ACT BIWFTCSE Z 4R T R8I ACT Bbk
ik E . ARSHERR 0G5 TR IR ALK
AR MO BRARIE,  DAVY)NZEH) KOs, 2
U b (723015 ™ ACT fRERE, Ty RIRE ACT
(I EDASIET R, M P B B 22 A L TR X
H ACT MIRBERATREAT 7O, HE T R
A7 ACT [ A I

1 HNSEE

L1 At Wl G852

R HEAE f HE D) 13575

HIEINE. BERRR. DR, WO, LOKBREREE,
B TAY TR A IR AR SEE. S,
TUKEMES . BER AR TRIRE, AT R
A RATF: IR, Bl R BR AR
1-Z5W, R EAE AR T T .

R E SRR IR A 3% AR 1%, BEEE:
¥ 0.50%- FALEN 0.05%- WEHZ I, pH 6.0, 121 C
K HE 20 min.

OYES AEAIEIRIE: HIEINE 3%, EEMR 1%, B
R 0.50%- SALHN 0.05%- 56 1.50%, pH 6.0, 121 C
K H 20 min.

FhF Rt AR 3% EAMF 1%. B
0.50%-+ LA 0.05%, pH 6.0, 121 C T K 20 min.

RIEREFRIL: I 8% B AR 1% BERER 1%,
AL 0.05% - L/KBREREE 0.03% —/KFAES 0.10%.
PR & 0.03%. BilR%% 0.03%, pH 6.0, 7£ 121 C
K H 20 min.

12 (L& 5#%

LS-1201 AE4bK57%4H, 35 Fisher Scientific A #;
ST2100 pH i1, BZHHES CHE D A PRA s UV-1200
LA I, RiESEREAA R AF]; HHS B
PAER A R, RS IRER AR A R A A
ZWYR-D240 1HIRIGFHRG 45, FIERI B s
EARAT; LYNX 6000 /&A% & 08l £
Thermo AF]; XSP-C AEWIRMEL, JbntHnZ AL
RIEHBRAF],

1.3 ik

13.1 3/ ACT F AT H &4 hit
1.3.1.1  SEAOFTF B B IR 1) 2 B ik

FeamsbEE: FRECKH 1 g, JRAEA 99 mL LH
KB TR BRI = e, SR
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B8], HARE BT BI85 CKIBIIH 10
min, VEIRAEZRANE, PRI 1 mL Bl T AR
Rk, JRE R

SrEaif: TEERG ARG FoR s SR FE R
10710 AT WL 0.2 mL B T2 B B R kT
BRI, FVRA R B R R A LRk S, 1
37 CREFRFA 8 B R 7% 36 ho MRYEZEAUFT B VR RS
RHE, JEIURTETEASA—E TS, FCE B
BTy B IR AR L RIZR, 37 CREFRFTEFE, B
R BAEE, FPkE R TE T AR AR 7.
1.3.1.2  #&7= ACT FFERITTIE

WIgdi: KPR B R ImERE & R ACT I
ko HIEAR 1 g 1-258), 0.1 g DR 4 g NaOH it ik
100 mL VRV G, K DOK il Hh 2645 20 (4 2T B8
Ekk, BEHETEE 1| mLIRSWGRE T, #
7= ACT M MRAE VR AR A e .

i FWITERAF IR AR IR T 50 mL Fh1355%
e, 7837 °C. 180 r/min &M FEEEFE 12 h, T
DL 5% BRI 2 50 mL KR EEE. 7637 C.
180 r/min %A+ FHEARIEEFE 72 ho KIEFSEHIE 12000
r/min &0 2 min, HRIER,  PAECEEDE K AR T
ODsy i 18, MIMERTS ACT PR = I HE R ¥ 50%
HIMSEREE 1:1IREE], 270 CHY%.

132 BEtAERBLGLH

PREL LRI B R, 2 50 mL Fh1355%
Bt R SR 12 h, DL S% RN 50 mL K F#ER:
Fidtrh, 37°C. 180 t/min 475 22 h, 7E0. 2. 4. 6,
8. 10 12. 14, 16 18. 20. 22 h IFHCH KR = 3,
WI5E ODegoo 1B, RS 3 P47
133 B#@EHeGEE
133.1 JEAEME LEA % E

P A A S e SEIG SR (AN IR % e
FMY, IHZBEME T K, SR i sk,
FEEE UK VERKAR . PAROKAE. HIRERIER ., H
TGS E P AE ALY R, AN K/ NFI ] T B
MEL.
1.3.3.2  BEPRATI SZ AT 7L

PR R FE BN 52 1k AP S%otiehp st
3] pH 43518 3.5, 4.0, 5.0, 6.0, 7.0, 8.0. 9.0.
9.5 (kB FRFE T, 37 C. 180 r/min FRF%HE;FF 24 h
Jii» MFE ODegoonm»  BEHIRE 3 NFAT

PR CBRERIIN 52 Rl LL S%otiehp st
R OBEEE DN 1% 2% 3% 4% 5% 6% K
Rk gedEdr, 37 °C. 180 r/min ¥R¥% #5595 24 h e, I
5E ODgoonm»  FFALIRLS: 3 AT -

1.3.3.3  16S tRNA [F5 5 #rill &

B P AR EUT IR B R CTAB ™. DIREL
(FFERIZH DNA BAR, RAMEEH 514 27F:
AGTTTGATCCTGGCTCAG, 1492R: GGTTACCTTG
TTACGACTTPCR, #1 16S rRNA 3. KAk Z:
10xTagq buffer 5 pL, ANTP(Mix)2 pL, DNA #i# 1 uL,
Taq DNA &7 0.5 uL, F RIS 2 ul, XWFEK
HNZEARFR 50 pL o [ B 25 95 “C TR 3 min; 94 C
AP 30s, 58 CiBk30s, 72 CIEfH30s, 3354
PEIR, HJa 72 CIEEIEM 5 min. ¥ HI=Z 1%
JEREE B FLVKAG I . 5 PCR P4ik bilg A T A TR
BIRAFT G, K fr s i i 26 H E AR
fFREAL (NCBD #dE ) BLAST LU R4S 4 5E 45
B HFIH MEGAS RS RE W .

134 &7~ ACT BMRE Bt
1341 HFEERAE

pH. . BEftE. B AEES H K
SO A AR I AE A, RIIEE pH (504 5.5,
6.0, 6.5, 7.00. & (31, 34, 37, 40, 43 °C). #%
M (3% 5% 7% 9% 11%). FE# (120, 150
180, 210+ 240 t/min). ZEVEE (30, 40, 50. 60, 70
mL/250 mL) % 5 MAREMERF R, 4R 3
ANFAT
1342 I1EXRE

it Lig(7) B, HEARKEN ACT 72
EM RN X pHy TRFE . Fll ReE &
5 AMHERIATHEE, BAAEER 3 KT,
R 3 AT
1.3.4.3  ma A E st

F# A Design Expert 8.0.6 #t1T Box-Behnken
Design (BBD) W iR, LA pH, M, 2HilE
ENA R, DL ACT F=s M RNqE, #HT 3 B3R 3 K
PRI ST A BT IR, BRI 3 AT
1.3.5 #n7ik
13.5.1 ACT HbrdERhZifE

S HIEEHIREE AN 0.054 0.1, 0.2+ 0.4, 0.8 g/LACT
FRAEEL o 43 B 0.1 mL AN [E1%E FFR A Tk
B, A 4.5 mL PRI &, IRGRS), fE30 C
KR 30 min, WIE ODsy o fHe FFNKFE 3
ANPATEES, RS —MEAT AR,

1352 KB+ ACT S ENE

W ER 1 mL REERT 208, 4 °CL 12000 t/min
B0 2 min, BIEWBGE AR, HL0.1 mL Tk
FIMA 4.5 mL WIRIBAW, #51), 30 C R
30 min, M5E ODsy nm fH, FAIRLK 3 AN TAT. WG
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IRHE ACT AR 2RI AT H ACT P &
13.6 HIBESH 7 %

SKH SPSS 19.0 AT HLK F 5 22430 Hr» K H Origin
AT BRI

2 ZR51He

21 WhFEER

2.1.1 At i

B BEm A g 200 30 PREFEAT R RS —3
WT&A | mL BRI EHRARE T, e~ ACT B
PRATRAW 2 min IREASNL 6, SLiRss R RA
20 FREEHUAF R P ALIRIE A er, o 5 pkEF 1
FHE (A2, A9. AlI8. A19. A21) it 5 HLIRIE
A s N H PR (B 1), (H A REUER
FIWTEEART ACT HIREJI5RES, Fait—ilie.

Al8 A19

2

9
Z

El 1 ERATHLE R
Fig.1 Strain screening results
E: M EZTFTIRAA A1~A10, Al11~A20, A21~30,
212 ACT##EWE
DL ACT WREEAMEALKR, OB AR, 2
ACT Pt [IVHT7FE A y = 5.3989x - 0.0444 , #H
KAKR? =0.9991, KM ZIAGMERRREF .

5

y=5.3989x-0.0444
4l R>=0.9991
E 3t
Qﬁ
o 2t
l -
%o 0.2 0.4 0.6 0.8 1.0
ACTIKEE / (g/L)

[ 2 ACT #rfEphzk
Fig.2 Standard curve of acetoin
2.1.3 HA i
XSRITEIRAFIC 5 R ZF AU TR AT PR A I A 0
B, REESSHRE SO EER, HHSIIRIESBR
BLEMMOGE, S5RNAE 1, ksl —#E ACT

74

FIBR A21.
R 1 ERERSER
Table 1 Strain rescreening results
%%  HEAk ODspun ACT &/ (gL)

1 A2 0.24 8.40+0.25
2 A9 0.41 11.21+0.37
3 Al8 0.26 8.87+0.16
4 Al19 0.47 15.09+0.31
5 A21 0.58 18.37+0.43

22 BEHRA2l M AKHL

TEREE RIS FE S, &R 2 h BUREI ODgoo nm
1B, B2 7J%0, BHkk A21 78 0~4 h A4 KIEw i,
WAOE KNS 6~12 h NXTHUEKH, AL LA
HEPETH G 12~18 h ATFREA KN, #iras
REFREE; 18 h JFFFUAHE AN,

3.0

25+

20

ODﬁOO nm

1.0F

05

1 1 J
2 4 6 8 10 12 14 16 18 20 22

0.0 y .

T / h
3 BEIHE A21 A cphzk
Fig.3 Growth curve of strain A21

2.3 EAR A21 By % MEARAE

FH P 4a A1, 24 pH A 3.5 B}, ODggonm 1EN 0.1,
KINZEME A BRI IR VRS, BRI pH A
3.5, B pH HIHEK, ODgoo nm (HIGHI KEREAR, 3
HIBEPE A21 A9 2o BT S R RIS, 75 pH 5~8
WA KR, HEE4K pH N 5.0, HE 4b 7] %0,
& CEEAARFU NI T, ODgoo am (EIZHTREAG, £
BB RS P AT I, BRAR A21 A KR M2 25
W), TRR A21 &GRS RERARI 21 A KT,
B RELE] 6%, ODgoo nm (T, RUIHEIE
A21 WAEKTERZENG], CBERCKI S 5%,

24 HEHA21 4L E
241 THAEWNKR
Bk A21 B2 Qe a B8 (| Sa); ZREftiige

SR INZER S A (& 5b), Ret)aifls
Zth, BRRLE; mESER TR, BERN,
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% 0.40 pm~0.80 um, +: 2 um~3.80 um (& 5¢). Hilk
FIBTZ B AR 22 [CBH AR 2R A B

1.6
14+
1.2
1.0
0.8+
0.6
0.4+
0.2+
0.0

a

0D600 nm

30 35 40 50 6.0 7.0 80 90 9.5 100
pH

20F

1.0F

0D600 nm

0.5F

0.0

1 2 3 4 5 6
LERFRIH %
Bl 4 Bkk A21 JBLRE AN ZESHO S2 1%
Fig.4 Acidity and ethanol tolerance of strain A21
E: ar pH#ZH; b LEEARZM,

[El5 Bk A21 BORSZSZEAFIE
Fig.5 Morphological characteristics of strain A21

E:oar mIefA; b FIEE; o BERA.
242 AIPAAIKEE

AR ARG A R WA 2. WPk A21 Ffelt
RE, RE7 R, Aizshtt, PEAR. Whts. YK
Wi, AR NI R, BEA F SEER R I bk A21 ]
CIFIFIR &0 RERE. 22200, FURE. Ve IRies,
AN, HIELLAE A, X HEGH B T m] R
Bk A21 BT MER 2T

R 2 Btk A21 IR LSIIRER
Table 2 Results of physiological and biochemical experiments of

strain A21
KITME %X KIIR %R
REAEK + AL I -
EaKig + FAEA A +
IR + ZFHEAR +
AR RAL + FUAEA R +
BRI R + R EAEF R +
AR - TEMRSAR +
FERE + E n

VE: b MM, - A,
243 ke 16S IDNA K2 4R
ey 45 R 5222 NCBI i 34T BLAST 7751
EEXE, A MEGAS.0 i RG K EW . FR LR,
Bk A21 5 Bacillus velezensis FZB42 1t [F—433Z I
(i 60, HAHXTEEREN 90, Fiadimbas S
% ai B, e w ik A21 R ULSE B 2 AT &
(Bacillus velezensis), Y4 A5 %N Bacillus velezensis
DQA21. £ (EPr4uEE ay 258 i — A g
VER AT B AR A 5 DS 2 AT B 2 R
%y AHIEERA T S0 PO S P 492 (R 4 b A
X USRI ZF fOAT 1R S Ve 2 FE AT B AR AR 732
AL HEATAIE T, 25 N E DUSIERT 2 AT B AN R AR H
ST B [ 5 4 A0 HSRASAE A 1 i 44 7 1 3

L.

Bacillus sublilis NBRC 13719
65 Bacillus sublilis NCDO 1769
Bacillus sublilis JCM 1465
Bacillus sublilis DSM 10
Bacillus sublilis subsp.subtilis 168
65 A21
90 Bacillus velezensis FZB42

| Bacillus licheniformis DSM 13
100! Bacillus licheniformis NBRC 12200

0.002

[ 6 Btk A21 RGL BRIDEER

Fig.6 Results of phylogenetic tree construction of strain A21

2.5 Bacillus velezensis DQA21 7= ACT X B %

e

251 FBEF R

] 7a AT AN, RIS IR L IOH)46 pH N 5.5 I ACT
= sk 2 B KAH 25.06 ¢/L, BEA pH I3 I~ s
HURFE. AN pH B 2 U B AR A0 M P 1Y) pHAE
T 55 M 0 T PRI S, 3 T S Vi) 48 L ) A= ) B
201, B. velezensis DQA21 £ pH 5~7 3t Bl N AE K R4,
BAERMESRAT T, ACT G OS2 R o- LIEALIR
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B RS SRS, AR R KR, FLR S € 20}

WA, MU (C PIRRRR T FRFLRR, AT AR ol . ‘ .
LITRRYE LN ACT. ZHANG™SRIL T B S 14| :
il pH f5ENE, REEAT 48 h, pH IZHI(E 6.5, ML L W o]
(BINERRG, 23- T “MAREILRIER ACT & sl
12,3 T R AT s A0 K PIE R BERTI(0~16 h) <
i pH 5.5, REEFEIA(16~72 hyfzl pH 4.5, iERH 2l
FRYEZRAF N AR T 45 % ACT. %0 40 50 60 70
a /1 . HeWi R/ mL
%ﬁ: &l 7 B velezensis DOA21 ZE#F= ACT U E RLINLER
g‘) %g i d c Fig.7 Single-factor experimental results of ACT production by
@ el B. velezensis DQA21
BB i a: pH A ACT ZEM%; b BAEM ACT #F#
< & Hod; o HAPER ACT ZE49%0; & $hkst ACT =509
4 rtx’j . s e B ACT B0 Hoh,
050 5.5 6.0 65 7.0 HHIE 7b A AL, R BAEREEA 31 CHZE 37 CHY
pH ACT F==bi 2 380,37 Chf ACT 7= ik i K1E,
b 5L . Al REsE T B. velezensis DQA21 7E 37 ‘CIf i & H:
_ ii s ARG HH OGRS /N2 $2 5. BEJS ACT 7~
io 141 ]f = b BOCRE R T AT RS, HEW SR T B.velezensis
s 2r = DQA21 RRUEEZEIIH], I ACT 7R F 255
g sl S A DU FR R ik ACT e TS gl 7c
< AN, ACT P~ & BB MREA 1S K, 7€ 5%
2t BRABIRR, BEEART TR, X THR I T
0 31 34 37 40 13 R TERTIA LU R A B B2, T R K =V A
B/ C TR A N BOE SR T AR . EIE] 7d AT
C 20} q ACT Py N, 24%1%y 210 r/min
R 12 . ¢ b ob ACT BB HNME, FEITIR T . ACT FIRR
S 14} TR EAA, (A PV SEBIRAR T B A
W o[ KB, REEI mr= A BT S e T,
]! R AT £ P 23-T TREL DU RE S
<o AR B 7e AT ACT 7 BB LR NI
2r HAK, MAEEA 50 mL/250 mL i ACT F=#iA
R % % 9% 11% KB, BEEITIR T, X2 H TRRE R S5EEA K,
Rt B DI, R BRI, (BRI EIE IR,
d 20} . d . AFIT ACT A&
o b : : 252 EZGKE
S 14} FEFA DRI RSB )RRl B, JRd TR iR B 42 5
- ig [ F X B.velezensis DQA21 [1] ACT = &M 1) K/ 1E
]! SRR TR I RIE 3, WHEAHTAT R, %
<o HIFEAT ACT PRSI M pH>TH >
2t E>EEMES . GO ACT P2 ET 3 MEER
RTT) 150 180 210 240 HEA T RIS, AR R B B A T 55,
B3k / (v/min) #5210 t/min, BRI 5%. BRI E T4 R
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W3R 4, pH ARSE p<0.01, ZEHE p<0.05, $EFEA
el p>0.05, ViR pH FIRFEXS ACT =& BA IR 3E

SN, BERENT ACT PR BAA RV, it
FELHR ACT P BT R E LR

3 EXREGITHRERER
Table 3 Design and results of orthogonal test

SR A B E%

B: pH C: &E/C D: 3%/ (v/min)

E: ¥ %/mL  ACT ~&/(g/L)

1 1(3) 1(5.0) 1(33) 1(180) 1(40) 17.51£0.52
2 1 2(5.5) 2(37) 2(210) 2(50) 24.95+0.64
3 1 3(6.0) 3(40) 3(240) 3(60) 16.53£0.49
4 2(5) 1 1 2 2 18.92+0.32
5 2 2 2 3 3 23.64+0.42
6 2 3 3 1 1 17.70£0.46
7 3(7) 1 2 1 3 20.02+0.64
8 3 2 3 2 1 22.9140.33
9 3 3 1 3 2 16.46£0.09
10 1 1 3 3 2 18.3240.10
11 1 2 1 1 3 19.75+0.41
12 1 3 2 2 1 17.94+0.12
713 2 1 2 3 1 20.56+0.23
14 2 2 3 1 2 23.29+0.44
15 2 3 1 2 3 16.07+0.31
16 3 1 3 2 3 18.12+0.19
17 3 2 1 3 1 20.70+0.36
18 3 3 2 1 2 19.53£0.22
K, 19.16 1891 18.23 19.63 19.55
K, 20.03 22.54 21.11 19.82 20.25
Ks 19.62 17.37 19.48 19.37 19.02
R 0.86 5.17 2.87 0.45 1.22
F 4 ERXREHED
Table 4 The variance analysis of orthogonal test
% ERR FFAe Ao H7 Fia P& BEH
EeSiin 2.17 2 1.09 4.03 0.07
pH 84.35 2 42.18 156.17 0.00 o
B 2479 2 12.39 45.89 0.00 o
$ig 0.61 2 0.31 1.14 0.37
FRE 4.45 2 223 8.25 0.01 *
#EE 1.89 7 0.27
B Fa 118.28 17

E: FEFRE (p<0.05), **EZFHREF (p<0.01).
2.5.3 Box-Behnken 348 & 5547
2531 Ok LT AR N S A pr

YR EATRIR AR, A pH. WE. RIEEM 3
BRI 3 KPSt 17 NI (5 AN £ [0 B i 44
e, BT RAEERNE 5. LR EIENE
&, FESLT ACT KIS, [R5 HE9:
Y=25.42-0.724+0.40B-0.38C-0.334B+0.234C+0.17BC-

5.574>-2.07B>2.02C%.

P [ AR 5 2 4041 (3R 6) Al 1, A7 p<0.01,
IR BN R KT, SRR TG S se PR E AR W)
Ao RIIA p 4 0.32>0.05, KIVIAEFALE, IEY
RO 5L IO A FEERT, BAGT e . B
—IRI A B. C X} ACT FEEsEMaml e %, — kIt
SR T E VR A pH>TE >R, X5 1ER
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RGBS . kI A2, B*. C* % ACT P&
MRS . S HI AB % ACT P& fsemity 222,

AC Xt ACT re&Esei i3, BC X ACT FeEimA i

e

o

5 MEERWEEITHRRER
Table 5 Design and results of response surface test

s A1 El%z [’El% 3 vfa@ﬁ
A: pH B: BJE/C C: FURE/mL ACT =%/(g/L)
1 3(6.0) 2(37) 3 (60) 17.08+0.25
2 2(5.5) 2 2 (50) 25.37+0.56
3 2 2 2 25.45+0.47
4 2 1(34) 1 (40) 21.50+0.41
5 2 3 (40) 1 22.00+0.35
6 1(5.0) 3 2 19.25+0.56
7 3 3 2 16.99+0.52
8 1 2 1 19.00+0.33
9 1 2 3 17.93+0.24
10 3 1 2 16.90+0.11
11 2 2 2 25.21+0.65
12 3 2 1 17.31+0.27
13 2 1 3 20.32+0.35
14 2 2 2 25.57+0.36
15 2 2 2 25.36+0.30
16 2 3 3 21.49+0.22
17 1 1 2 17.91+0.21
& 6 EMERFESLEER
Table 6 Analysis of variance (ANOVA) for response surface model
THRR 7 Aa fEE g F14 P1i BEM
AR 187.10 9 20.79 754.01 0.00 ok
A 420 1 4.20 152.51 0.00 ok
B 1.28 1 1.28 46.42 0.00 ok
C 1.12 1 1.12 40.80 0.00 ok
AB 0.42 1 0.42 15.32 0.00 ok
AC 0.20 1 0.20 7.34 0.03 *
BC 0.12 1 0.12 444 0.07
A 130.75 1 130.75 474217 0.00 ok
B 18.09 1 18.09 655.94 0.00 ok
c 17.22 1 17.22 624.68 0.00 *x
KE 0.19 7 0.03
PEVE 0.10 3 0.03 1.59 0.32
LhiE £ 0.09 4 0.04
EBE 187.30 16
2532 HETFREIERAN ACT =R HT dhasdh, RN, RO AR, AR

M 7 i P ) A EDAL ) e e B AT 3 ACT 7
SR FRIROEL, W S T R R GEUR , - b B i L T 0 H5 A
TR UK . WA pH (] 8a) | FGREAN
pH (8b) SZ A FH A 7 A T3 2 P A Ui L A5 v
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5% 6 HEMTER .
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T [ T AR () 5347, B. velezensis DQA21
7 ACT Wi fERBE%F4: pH 546, TR% 373 C,
B 492 mL, LR ACT P& HIME N 25.45 g/L.
RIS, BEE 5 FBRARELE, 53] ACT F
B8N 25.60+0.33 g/L, %45 RS TIME Bk,
E B 56 A5 21 A A ] UBLAF R P B, velezensis
DQA21 KM¥J5 ACT j=&.

o

ACT/= & / (g/L)

ACT/= 8 / (g/L)

ACT/ % / (g/L)

& 7 MmN ESEREIRZEIERX ACT FEE/IS/T
Fig.7 Response surface analysis of the effect of interactions
among independent variables on ACT vyield
E: ar iREApH A ACT Z&69%h; b: Fke4 pH
st ACT F 2680, o FREMBEMS ACT F 6%,
3 i
3.1 AHFFNKRE R 4B 30 BREFHIMR,
TR EE ik od Bt H b 20 #RBE#E R ACT,

H 5 BRr= ACT REIEGHE, HIX 5 PRI AR S
e, FIF ACT drErIZRiHE HE ACT =&, 55

—HREr ACT HIRfE A21. ZAEFIA1L L 16S rDNA
Y5, A21 AR VUSERTZF AT, 3L pH i 5Z3E
N 3.5~9. LEHRKISZAE N 5%. 73R Z I 15
fih BT T IERCIRES, HARZE ST AT R, SRR
ACT &M RAMK I pH>TRE>Z i >4 fh
>R, AT 3 REBHMTI N IRAGRE, o=
SMTATAL: pHy HE. RN ACT PRI
i3 . B.velezensis DQA21 = ACT Mt K-
pH 5.46, i/ 37.3 C, 3 & 49.2 mL, %1% 210 r/min,
R 5%, UL ACT P20 25.60 g/L, HARALHETEE
PRF=2 18.37 g/L &1 T 39.13%.

3.2 RAUEPEIIRI AR € ik AN TR H e g ad
—tkEre ACT MIBHTRIT I, SE BN
FE 3131 C. BRI 827%. pH 6.55. FEAHE 209
t/min, BOEZAFT ACT i5%)19.04 g/L, LUJRIG K
PR 35.80%; i KIPBEILPII B pH: R PR
# (0~16h), #=i#ilpH 5.5, KEEHEH (16~72h),
i pH 4.5, {FREMRA R ACT HIRESS 2Tk
1, ACT P78 32.70 g/L. AWFFATE DR 2EH#
FrR B R SRR 25, IEARFESRIER
R R AT AE . XZERT . F PN 4
BRI 1) DS ST R LA R TR . SR
FRIREAE s k> MK il kA — ik B R B
SEWTZEFIRT IR, AHEARNS DU SR FAT B SRR T
SR . DA ACT HAATE T 2 oAb
ZEFAT D RIS SEAT Y, DU ST
ACT fiRiER/>, 2R TAMEaR, Kk
il = ACT VUSRS AT B4 B AR 1R

3.3 HT B.velezensis DQA21 SKJFET K il, XHEEH
BERMM 320, HAETNTR T 457 TR B H Ay
e, AEEFIT S E A TR TR, I
ACT P KIESRTE, N ACT BUEEMI& b Tl Ak 2a
SEHAl. Bvelezensis DQA21 FI1E Ak i N k&
B, rlH RERIRT I, MHEE T ERY, oeGE
Ze AU, o ek A ARtV 1 XUk B A T TE AN
[FIE ACT 1B A {g FEThRE PR 7 Y FE SE L R FRT R R 5
R BIZ T R B ARAE M R B % N A P i 4R
ISR SO AWER E BRI R B 9, R
ZHE (Gl pH. W5 #MES SfELATE R RS Rt
TEREEN, AR KB ZEKBEER ACT [
71, W ZHEBAN FER TR ACT R IIRR
FHAREEENER, AR — BT

I SR
(1] A, MG, BT 45 ook il b B R 1 1
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