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Fermentation optimization and pilot production of
Bacillus subtilis 7Y 1 producing CpxP
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Abstract: In order to obtain the optimal conditions for liquid fermentation of Bacillus subtilis ZY1 producing CpxP protein
and prepare microecological bactericides, the fermentation process of Bacillus subtilis ZY1 was optimized by single factor test
and response surface test. The results show that the optimal carbon source, nitrogen source and inorganic salt of fermentation

medium are starch, soybean meal and NaCl, respectively. The optimal medium formulation is starch at 2. 12 g/L, soybean
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meal at 5. 90 g/L, and NaCl at 5. 21 g/L, with a viable bacteria count of 9. 63X 10* CFU/mL, which is 11. 04 times higher
than that before the medium optimization. The optimum initial pH value, temperature, rotation speed and inoculation amount
for shake flask fermentation are 7.0, 37 ‘C, 200 r/min and 2% , respectively. The viable bacteria number is 1. 05X 10’ CFU/
mL, which is 9.0% higher than that of optimized medium. During the pilot production process of the microecological
bactericides based on 5 t fermentation tank system with 10% inoculated quantity, the count of viable ZYlbacteria reaches
1. 05X 10" CFU/mL, which is 100 times higher than that after shaker optimization. When the spore rate reaches 90% at the
end of fermentation, 1 012 kg bactericides are prepared by spray drying. and the count of viable bactericide is 8. 5X10° CFU/
g. The research results can provide basic materials for further research on the biocontrol function of CpxP protein in animal

bacterial diarrhea disease.

Keywords: protein engineering; CpxP protein; Bacillus subtilis; optimization of fermentation; response surface; pilot pro-

duction
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1.1 SEWHE
1.1.1  Etk

i B ZE AT R ZY 1, T bRl 4 K 2% B 1 T TR S = O A O ORAE
1.1.2  EZFRXH

A AL RS F R A IR A R AR AL B R R R WIS IR SR DR T R AR A
ARATBR S AR AL 5 B JE Ry L H L IR B LB % . NaCl, MnSO, ,CaCO, ., KCl,MgSO, . ZnSO, . K HFL 1 B
A AR A R w44t
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ZHWY-2102C fE 35 F2 %5 4% - L8 00 B A28 15 A PR A "4 D-1 B F 3280 KA By . bt &
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SR ERE Ve M I & 2R W R B 28 i A RS W) R AL s LPG 350 W5 25 TR L L 1 M I & A= ) 5 AR BIF 5% BT A BR 2 )
it
1.1.4 By

LB [ 85 5705 B H ik 10 g/ L, BBk 8 5 g/ L, @468 10 /L. 3G 15 ¢/L,.pHE A 7.0, LB ik
Wik AR 10 o/ L EERHE M 5 o/L. 5 4k88 10 g¢/L.pH{HE N 7.0,
1.2 XWHE
1.2.1 WGk

5 S A (R TR A B A A B 2E AT B ZY L 7E LB AR IR 3 R AL E bR T 37 CHEIR I IR A T e
Wi, PRI RE 3R 3% A BATE 75 A B A 100 mL/250 mL MWK S5 55, T 180 r/min. 37 °C it
WHEFR . HE 2 VO RP R A TR AP B AR 100 mL/250 mL MITRARRE SR, T 180 r/min 37 ‘CH R
1.2.2 REEFREM

TE 55 55 e v 43 0 18 MROUE My ARG Il L R 2 0 L R AR A O — R B R R 2R AT TR ZY 1 Y e A
5 43 00 B SBCEE 1 R L SL0R L ORI R R RRIR M R B R A i — R B R AR U 5 43 i B MinSO,
NaCl,CaCO; .KC1.ZnSO, \MgSO, 1E R AR TCHL & Fh 2, i 8 5 A TCALER s 76 e AR B IR L 00K L JE MLk A 2
Bl b 85 3R 3 g oAb I it — Ak, SR TE M M NaClL a4 0~12.5 ¢/L. %8 3 MR &
XA B ZEHIAF S ZY 1 TE A R S, LR E A 3 RGO A . KSR 37 °C 1180 r/min.36 h,

123 WD I8 %1 BoxBehnken %% B % 5 & F
R LN R AL 45 R A Design-Expert 11 78 Tab.1 Factors and levels of Box-Behnken tests design

1 A& H% Box-Behnken 52 55 15 1 it # , % HUIE ¥y (A) | SR K-

SOMI(B) \NaCl(OO ARy 1978 B, DLIE B 5 () 48 Hy i i H# = ) .

L BEVF 3 PRI 3 K TR L 5% R 7 % I 2 e S - .

etk . Box-Behnken S8 B2t A HKF I3 1. NaCl(C) 2.5 5.0 7.5

2.4 REEFZMMAL

TERA E K W35 3 R P T B R L M 9 TR NaCl g ML i 5L a0 1, 20 3%t ZY1 %08 pH {H (5. 0.
6.0.7.0.7.5.8.0.9.0) K FF I & (28.31.34.37.40.43 C) HLF# (1%.2%.3% . 4% .5%) . F% # (160,
180.200.220,240.260.,280 r/min)4 & BE 55 B AT BN 28 R e AR AR IR 30 & BERT W] 24 36 h, LLTE B £ 1T
WrAats, L EE 3 WL BCFIE.
1.2.5 i~

DL 100 L & e Ry Fh -, 50 Y0 B ik, R F K B Pk 2 R S R AT Z2Y 1 R Pl s 3% . R EERES B0k
SEMREEN 37 C AL BV 6 h o8 120 r/min, ffif5 R 150 r/min, #EARE F1 8 0. 05 MPa, $ 55 3% 5 9 F
T IRGE I VT B 10 o R R AN E 5« REERETD . BT RIS R RS R A 5 o A IR PO 0 B
B BRI TR B R S W R AT A R A 7 R RS RS SR A LPG B0 W 55 T L 45 B 7
1.2.6 Fdasit

¥ H Origin 2018 Design Expert 11. 0 34 #5545 . 1 SPSS 26 4 ANOVA £ 560 2 5 17 5 K 3=
T2 HT S R LB R IR 227 HK R . P<<0.05 N2EREFE.P<0.01 HEFHEFE.

2 ERE5SMH

2.1 REBEFEMRWL
2,101 BRUE AN IR K A R

e 2 A 0 AR 0 T TG BE A A 2 R R . R R N Btk T %) AR P O AT LR 5 R A AR O TR
BlL, L @) Al 1, 2B A V8 B B 3 TR KRR = o 5. 80 X 10° CFU/mL, 3G FRIEAL AT T T 6. 25 £k,
5 AL BRI AR L 39 35 22 5 (P<<0. 05) , It Hh B AR IS BE A . I 1 D T 280, 39 T KR B T A 4R
RO SE TR TR BN 2.5 g/ L WL iE W EUR RO 8,00 X 10° CFU/mL. 5 5 g/L & i iy o
S A B E S T HAR R A ZY1 GBIt e R R R 2.5 g/L.
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Tab. 3 Variance analysis of regression model

VE-3 3 7 A A o7 F1{H P 1

Model 440.17 9 48.91 61.57 <<0. 000 1
A 21.45 1 21.45 27.00 0.001 3
B 60. 50 1 60. 50 76. 16 <0.000 1
C 7.41 1 7.41 9.33 0.018 5
AB 0.25 1 0.25 0.31 0.592 3
AC 1.82 1 1.82 2.29 0.173 6
BC 0. 04 1 0. 04 0.05 0.828 9
A? 124. 95 1 124. 95 157. 30 <<0.000 1
B? 63. 14 1 63. 14 79. 49 <0. 000 1
2 124. 95 1 124. 95 157. 30 <<0.000 1
B2 5.56 7 0.79 — —

5 LI 4.37 3 1.46 4.91 0.079 2
a2 1.19 4 0. 30 — —

FIF A T 445,74 16 — — —

W P<<0.05 BRGHEREESR  P<0.01 ERFHERDEER,

T5 T KM e A e 2 W 9 7 R Y =86. 72— 1. 64A +2. 75B+0. 96C —0. 25AB +0. 68AC+0. 1BC —
5.45A% —3.87B" —5.45C", [AlJAMERI Ty 240 B2 3 s, kB E B AL P =0. 000 1,25 34 B 3% 5 2k 4B
W P=0.079 2,255 K 3 Ui W 0 5 0 B A A g 7 gl 2. o R T A 06 AR E(RP) 24 0. 987 5., [B1IH Jr R A%
IESRGE RER 0,971 5, KT 0. 95, BLHILA A8 B2 847, B0 1A 5 S5 Brfi v BEAROC Wl R FH T ZY 1 K eI A
BT, A, T 2T A R WOR A 5 B X BT ik B3 (P <70, 01), C X i TR AR e 3
(P<20.05) , 2% R XG W BoE i f2 52y B>A>C,

S UL T A 2 AR B 2 (R 28 BLAE ) R 45 IR A8 BVE IR Z2Y 1 T B AR B2 L 32 B Design Expert
11 B 5 3 U Iml A 5 AR A A0 22 ol 52 v 3% T 8 1) 25 v N = ZE I S5 SR R 2 P, Foh E B L KT NaCl
3R BAEAEMAE 2L . R R Z I RNH J5 FE R S, A e A 3G F2 FE W O R iE iy Bt iR BE o 2. 12 g/ L EM
JEAR WS 5. 90 g/L NaCl FiHEuk i N 5. 21 g/ L, 7RI BE 7 T & B3 4% A% 15000 8 A% &5 3k 9. 74 X 10°
CFU/mL. 2 T 95 ik Jo A5 70 1 o 0 1 76 b e A 0% 3R B O 45 0 R 64T 6 AT S8 . R SE
S5 BRIIE S F) ZY 1 3 W BCE SR 9. 63X 10° CFU/mL, 5 5 INAE 422 30T . 156 B 15000 2% 58 m {5,
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Fig. 2 Effects of the interaction of various factors on ZY1 viable bacteria count
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AE 5 B BRSBTS Shsi 58 M2 A = A 52 . R R 36 h L 2E IR N 75 %, MR E B 1. 01 < 10"
CFU/mL. F T AR AR 7= 5 mT A7 B R i M e e DR T 3% T 50 380 ok 0] 0 3000 10 o &% Ve O T vt 5 R O 247
FIRE] 90 Yo it , Al TS5 T . AR A BORE & W VRORE AN BUIRE L5 ¢ & R TP R TV A B TRUTR R RO A
30 26 SUEY R R TUTR E A% 3 Ol 80 r/min, IRAIHEN YKL, W% TR AT 15 8] 1 012 ke Hl5F . HUZEY I =%
FrifE GB/T 264282010, Z& M i B 1T AU IE . A5 216 B BUCN 8. 50 X107 CFU/ g, SCHK[ 21 10 A 50 25 76 T
BT IR S R W 55 BT S, A3 28 4= iy 4. 80X 10° CFU/g, 5 Z A H, BRI SCAS B 28 f0 4T 1
() 375 P 5 g L AELATS AT i e H e O SRS R Y ZY 1 S R R R, SCER[22 7E MRS 2R AT Y31 B R
FEFE A BB AERALS Y31 B EGEE T 2. 40X10"° CFU /g, & TA S ZY1 3H M. Ho IR PR — 2 i Ak
R & SR A

3 & iF

DL R R 3 0 2B A5 2 1) — K 7= CpxP B A ¥k Bacillus subtilis 7Y 1 N H % B AR PEAT WK & BE A
e Bl AE 7= A I DU R 4598 D B R BB SS oM TE R 2. 12 g/L 5 M1 5. 90 g/L.NaCl 5. 21 g/L;2) & ¥
FMRACES S G pH AR 7. 0B 37 °C HE R Rl 200 Dl 200 r/min;g3)5 t & BEGE AR pE
FEPEAR ZY1 W AGAE] 1. 05}X10" CFU/mL;4) & B Wi 55 Tl 4t 1 012 kg BERY » B0 A AR I ) 75
FEHE BN 8.50X10° CFU/g,

AR SR 7 25 T 7 2 AS TR AT B T BR A R 1 o PR, RO A RS R S ST
P07 XA = ZY T 095 T RO L, it — 20 IF i CpxP 4 1 7 3l W) 40 T Ve I T s A= ) By 16 ) 8 T T 114 F
FERRAEOL R 5] .
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