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Abstract: To obtain a xylanase protein that can adapt to acidic environments (e.g., in distiller’s grains), the endogenous xylanase gene from
acid-resistant Bacillus velezensis P7 was successfully cloned using the polymerase chain reaction. The xylanase gene fragment and the pHT43-HIS
shuttle plasmid were first digested with the restriction enzymes Bam HI and Xba . After purification of the xylanase gene fragments with a gel recovery
kit, they were then ligated with the vector fragments using T, DNA ligase, and the recombinant plasmid was subsequently transfected into Bacillus subtilis
‘WBS00 cells. SDS-PAGE analysis of the purified xylanase revealed that it was a 40 ku polypeptide. To increase the extracellular production of xylanase
by Bacillus subtilis WB800-P7 in high-density fermentation, the effects of temperature, pH, inoculum size, rotation speed, and other individual factors on
the production process were studied, and orthogonal experiments were then used to determine the interactions among the factors and to predict the optimal
fermentation conditions for promoting the secretion of the recombinant protein. The results suggested the optimal fermentation conditions of strain
WB800-P7 to be as follows: inoculum ODgy, of 0.8, IPTG concentration of 1.2 mmol/L, fermentation pH of 6.0, culture temperature of 35 °C, inoculum
size of 2%, and rotation speed of 160 r/min. Among these factors, the culture temperature had the most significant effect on enzyme production. Under
these optimal conditions, the enzyme activity reached 4.21 IU after 16 h of fermentation, which was 64.45% higher than that before optimization. The
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acid resistance of the recombinant xylanase was analyzed, whereupon its residual enzymatic activity was found to be more than 80% of that of the original

Modern Food Science and Technology 2021, Vol.37, No.12

enzyme under strongly acidic and neutral conditions (pH 5.0~7.0). In conclusion, a modified B. subtilis strain with better protein expression capability and

which produces a highly acid-resistant xylanase was successfully engineered in this study.
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TRREAR ST A 3o R0 2 P AR P R () SRR,
W REE TS, R R & AR
FEER AR,

ARHIE T MR 53 B9 45 52 H IR 38 B A A
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1 HRSES

1.1 @E WK TR A

IS RN Bacillus velezensis P7 T bk

(ID: MH769179) £F4ERBERMIE /18 WUIHZE

BEREREYS /) 2.66 TU; AMJIBETE /7 0.6 TU: B SR M
Al 0.251U; AZRWEREE /) 1.3210.

KI#T B Trans-T1 Phage Pesistant. pHT43-HIS Jii
$i. B. subtilis WB800. 2xFast Pfu DNA R4, PRl
fi# (Bam HI. Xba ). T4, DNA %4, (ThermoFisher,
W D BRI RBHE (FRED AR A
HEHHER (Ampicillin), W HZEREMRIEH R
AT IBEBEAENE, WH Sigma (EED; HpAMt
BISE A = A ati = o

12 ERAEKEFT A

K W AF B Trans-T1 FAG B ZF 78 #F & 16
Luria-Bertani (LB) #5375 I 37 CH53%. A HAM
KL KA Trans-T1 AR S ZF AT EER N E B 5
(100 pg/mL) EFRIEHRREFR . A RZFHUFT B AE GM
BRI rp i) 5% BT 54, S0, s s R

1.3 EARR M R

HRE 5258 = M Bacillus velezensis P7 TR Ta 55k
ROARNERG xynd FEFF %1 (GenbankNC 000964.3)
Wit RS, R

F: 5°-cgcGGATCCATGTTTAAGTTTAAAAAGA
AATTCTTAGTT-3;

R: 5’-ccgTCTAG ATTACCACACTGTTAC-3’

T RIZR A AR 14 P DI Bam HI. Xba 1.
S R 5L A 20 DNA - R 32 B 77 & 32 B Bacillus
velezensis P7 WHRIENAH . WRIEFH], G| VIEZ
TR, BATRAEEENN (PCR) . ¥ 660 4
BFEXT (bp) F Bt

i TR FRIGA A &I ok, FEA Bam HI
A1 Xba I fi#17] DNA F BOAZS 5ok, FHIR SR BGR 7 &
AT R Atk . FH T4 WG E 913 B E 4Lk
pHT43-xynd (VLA 1), DNA o, FR#ERE IR
FoAT B A 7 i A R B R 92 A7 Ak
FONEEAGE A FORLEAS RS EHUAT P WBB00 AT
FURRIE .
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551 0.6~0.8 3L 1 mmol/L (&K ) 7 P %E-p-D-
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(D) A EERPIN 1 mL C Py i
Ni-NTA ZEAEHERAR (Helt 3 %, 1 mL/min U3, 7E
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W JE 7&K E A A 0.4 mL, FEHIA 2.5 mL DNS,
K 10 min, AHJE2800KE AR 25 mL, T3 540
nm A& E WA .

REVEREE SIsE: F 25 mL B2 FE
BN 1 mL 1 1% AR A (H 0.1 mol/L, pH 5.0
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150.13——AHEeh4axt o F A&, g/moL;
30——AR A R AT IE], min;

V——BNBLREHAR, mL.
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Fig.2 The standard curve of xylose
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J¥ 1 mmol/L. ODgy ik 0.6 7 S AWIIRTHE S 410
IS0 IPTG ZIKRFESr A8 084 1. 1.20 1.4, 1.6, 1.8
mmol/L A5 F LRI S 46 ODegoo 7351124 0.4.0.6+
0.8. 1.0, 1.2, 14, KBEHFEF TRl 2% E
HR:E 50 mL (250 mL =) & 100 pg/mL Amp
IR IEREFREE T, 1 FRIA 160 5, WIHEHE.
1.6.2 FLBMHRK BT

b A TR AR R &, X B, subtilis
WBS800-P7 Btk TR R EE T2tk LAESR pH. K5
FRIREE 37 C. iR 2% #5# 180 v/min. KA [A]
16 h B TR A, B YR B R 3 S v 7 S5
JE B RIR P I A R SR ALTE . KON 597 pH
(BERRER IR 2 5.04 6.05 7.05 8.0, 9.05 10.0)+
JRFF (25, 304 334 354 37, 40 C)- HEFHIHERE: (0.5%.
1% 1.5%- 2% 2.5%- 3%). EREEH (140, 160,
180 200, 220. 240 r/min) BHTHRRIRY. EARE
RIGLERAFERE B, X B. subtilis WB800-P7 3T 1EAZSE
B0, e HRRA R R e T 24

1 LWEFKER
Table 1 Experimental factors and levels

KP : @% .
ApH B EE/C C #AFE/% D 4i%/(r/min)
1 6 33 1 140
2 7 35 2 160
3 8 37 3 180

1.7 & A EEm RN E

BOEAEH pH ME : HEFRIIAAE pH (3~9 14
FEIN, BRE 0.5) [ 1%EARIRERY . METRAR
BEE 7, DABRGEBHE N 100%, HAEEG 52 AL
THEARXERG . £3 HiEE pH JE .

pH R MEllE: fEER T, OSBRI 2]
pH G 2~12 M2zl E 2 h 5, PR T
A TR )R ARTERE J 1R i 1Y) pH AR Pk

1.8 AR oA

A IES VBT 11 V3.1 AR 5 )
FLEMETM AL, PLpH. i (C). Sz
(%) FIEEL (v/min) AR, DEEEZ) (U 4
IEALAERAT . AR 3 APAT, RIS R
X£SD #7v. K Origin 2018 HfF2:H1 K% .

2 GR59%
21 EHAIMREHR

2.1.1 EAJi4 pHT43-xynd t9H

K TEBE ] Bacillus velezensis P7 AN SEFERGFER Fr Bt
HERER TR pHT43-His b, FFHEEAC TR B2 AT 5
WBS00 H, Ih3k1s 1 E2H B. subtilis WB800-P7. F|
F DNA #2152 A s 2L R4, PCR 74
2 1 %I EREE FYK R, Wk 3 R, #3212 660 bp
AR AT L — 2% 15 R %15 5 FH Bam HI R Xba T2 Bk
HARL, WK 4 B, 19312 8101 bp #1660 bp (1)
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Fig.3 PCR amplification of xylanase gene from Bacillus subtilis
7&: 1: DNA Marker 2000; #i# 1. 2: PCR ¥ 3%/ =4.
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Fig.4 Electrophoresis of recombinant plasmid

7Z: Maker: DNA Marker 15000 #» 2000; #if 1: Zfi:
BanafRe; vkl 2. 3: EAAUKERY) FH).
2.12 HEFRMHETHARA pHT43-xynd 4
il

Fili B ST PR RS S AR R AL R LI TR
AT BRI, ARSEIRAEAL SR 2 e A2 i 5
it b0 IR SZ A5 AN PR i) 2% B A T I ATSGE - 1)
W B PR A N R 2 AT R RS2, 728 Amp
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PUPERPAR AR RIS AT IR, SR E S

(Ao o RN JSURE pHT43 7EASHL2E AT B WBS00 H 3
ERHMTHINEAMZRIE, FrUUiRi = H SRS, H
FEGRITR T RIS B T VEANTTAT, T AAR S0 R
7% PCR (W77 B M B2 B AT I S 52 « PR TS
e, KANEERZ PR, TCREMA 5 mL &
Amp FTPER LB BrRdtrh, $RIRIRZHFE 12he LIE
MO, 3HT PCR. 7% PCR 45 201K 5

CHD e U B (1 B R A SR S B EE 41 R,
SRIG AT ISR . BV ERE, HEIR HIKIHAE
R A% RGP IRARRAT o KB 5 IR IR B 1
WA PERCRIE B ER BV EARA IR A F HD W,
W IERAIRI PE R A7 A 28 pHT43-xymAd, X R B
Pk 44 N B. subtilis WB800-P7.
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Fig.5 Single colony plate of recombinant engineering bacteria
(left), single colony PCR results (right)

7£: A& B Maker: DNA Marker 2000; #if 1~8: ZLMA
A H % PCR; vkl 9: ZEHAEHE (FHstig ),

22 Zkik =4 ki SDS-PAGE 417
F s

70

50

& 6 ER4LrIKE
Fig.6 Electrophoretogram (SDS-PAGE) of protein purification
E: S ARERG; 11 KRR B 20 KL 3:
LEAVAL TG Y BER.
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i SDS-2R A i B Bl LUk 45 R R E T 3
16 h J&, A B BON MR F EERR N 205
B 40 ku BHT B KBRS, IR
RS RS 21 R A DB T ik b, 45 R ]
6 R, AR T2 40.0 ku, REIMLAILTT
VEREAT WAL B R o 35 ) M A AT
FAHL T AT T SR L D ooymB FE A 55 2 FAT 1
Bs916 HHEAT R R A EAIN 7 TR 43 ku b
AR EARIBRN

23 HeRAAHHRL

DA SZKE 1 mmol/L. ODggo N 0.6 5 J94]
GRS S A AL B. subtilis WB800-P7 Xt Hi% 5.
23.1 HFEAST ELAARFEAEE B 7R

Yo B2 TRE R R T WE% 2% B F i e e
EEFRAN RIS 42 HIHT46 ODgoo 7314 0.4+ 0.6+ 0.8+
1.0v 1.2. 148, HINZYKEEN 1 mmol/L IPTG, £
37 ‘CFKREE 16 h BHTIHESRIE, WIS RER
EYE, SR WE 7 B, 7E ODgoo N 0.8 BRI
W IPTG BHTIES, MAMKRAERGS R R, ViHE
A58 301 B B E KB 5 B R AR
RAME SR, 25 7 EHRRIEARERI6E

.

N

1.0F

20F

filg 3% / TU

[

05 10 s
oD, ..
& 7 54155 0D X AESMNEGTE IR
Fig.7 Effect of ODg, before induction on the extracellular
activity
232 PTG REA FARFAEDL = B3)h
KRMIECE 37 CHAFTHFR, EREAERKIKE
#| ODgoo 0.8 I, FHIARIK L7555 IPTG 0.8 1.
1.2, 1.4, 1.6, 1.8 (mmol/L), #SEKik 16 h, W
Frre MM SR BRI 1, S5 R 8 P, ik
[ R UM A SRR RGN 2IE, FELORBEBURN, AR
PERIEIEREE IPTG WREERISE TR, 2R EER
T 1.2 mmol/L i, BIEHHEE IPTG W< EEF IS i/l
HARZIREEA 1.2 mmol/L I, HUAM#HE A 2.12
U, EREE IPTG 240 TR =1, M-S SRS
PET RS
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Fig.8 Effect of IPTG concentration on the extracellular activity
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Fig.9 Results of the single-factor test

E: (a) pH; (b) 3ABE/C; (o) #MHE/%; (d) 4#
JREER/ (rmin) 3HAEE FIOATE TAEE SO Hh.

X L THETE B. subtilis WB800-P7 HEAT LRI &K Kk
B, TE AT TR A A BT,
B—AREK, REEREEFRZA R 9 FioR.

AR A KA R EAC 32 HFR S pH 520,
TESSER PR EHRE (1) AR KA 2 SRR A K Z IR
BRI, EP s, EA AR KA
=B OREE BT KA P=BERE pH S
Wil 9a FiT7R : BeE pH oA 7.0 B, B F18R 4 2.01 TU
WEE LG pH 3G, BERECRINIA G &b,
pH 4~5 F1 pH 8~9 B PR IS & SUs A% -

el 2 O P B S A A 1 X 4 L PR A R
PR E R AR, S B AEYIEA . A
AR, ELZE SEAPIET, T I R A AT LA
Ao R BEXT BRI P BRI L2 1] 9b B et
BRFRRIEN 35 CHY, BRE JuieEns 2.17 U S4iEE
KN 25 CRF, BRIRRAEKZ 2], SRIFRIRIRE,
SRS ARG SIREEN 40 CHY, BERRIIERG /)
V- o

FERh R E I R, BeRERR, A
PAETART, SRR rR 40 B ] R B TR AR SN,
T B TR R S ISR A Rl BERhE R
DI, BEFRIER AN TR AR R U5, FE EK S v
J R e TR T I AR s 7 A A Rh R R A
ARG, ANFFEE B 2 TR B AR KR B~ I
O 9¢ Fm: S E R 2% 0], s i ek
242 1U; HEfE/NT 2%, B4 AT BRE 1
IR R I 40%; UK T 2%I, BERE
VAESUH TSR D

R FEFNA R A B A IEARDR, JEa ]
DU R 2B K. Wil 9d Bs: BEERSE N 160
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r/min B RS /T Ry FEIEUNT 160 t/min B, #0504
BoNRA, PR TAMEN 5, FEMERIC. A5
KT 160 r/min I, AR ZERN, SEOCE
RPN~ AE, AE AR, FRRG RN
ER7I NSO N G e 7 Sl AR AR N
242 KB FERIATEYE AL
AHT T TERIE A Bacillus velezensis AT

RFERGIE 7a k%, F9%EE B. subtilis WB800-P7 T REH ™

RVENE, TEREMIESAMT, AOCEHAbR IR
4, FIF LB BR3Pk I FiEwHS 718 2.56 TU.
K LoBHIER#E, B s Em TR R4
4 pH. RFE. BfhE. Fl RN . Rj FoR
NKij R B/AMEZ 2. Rjk, FoRiZBEZEKF
AU KTZ S HE AR I REMARROR 125 o) D] 2% 7 2
RZ, Ry, ZFERRBAEZ., WEK2TLEH,
Xof A SR BEG 07 7 AR R (1 KT ERR R BT A B
GREE) >D (B3 >C (EfpE) >A (pH), fER
e FE b, TR A R AN A A KRN R 1 R R IR IE AT
BB EFEN, 1 35 CHIRE T, B. subtilis
WBS800-P7 1] IR AR Kl R AT 2 g, 42
&V EAFRA R . B. subtilis WB800-P7 T LA3E
R E A KRR A, B T B A R
U, S AT LA A TR R BE B R
%A 8 A\B,CoD,, Bl pH 6.0+ T 35 °C . 3R 2%,

160 t/min, TEML T 20T, ASEMEEEE 7 70
AR 4.11 TU, LHEFSICIEE, 152]SEhrlgg /)
N 421 U, SEenitatl, BEEses T 64.45%,
BERRE T 2.19 5. HHEASESRE AR EOE

(B AR xynZF-318 FE R AT 250 T
TR T2 SEBRBEE 71 0.359 U/mL CRARIG R BE 464
N: BEFPEN 1.2%. BEHEN 20 mL. RN 11 hy
BRI 37 °C L RRIRILIEN 160 t/min F). FAF(E
LWL 536 T Paenibacillus campinasensis G1-1 AR
SRVENG o I R D R G B FE AR RE GS115 R [RI4H,
Ak JE IR 264 T M Ah EH S TA 21 707.2 TU/mL,
JE& T 5B, R BRI S AR AT RS
it ROVRIE 0 TR ik 2 A 5 3 Iy o 7 /0 2 AT
BYG5-20 HywBE1S 2 A B & 8 3T AR SR
xynd, FEFAERLE R B - R 5 2 A B 2 AR AR
1K pGI148 FR15 3 E 20 5k pGI148-xynd . K FH HLEL
N B TR pGI148-xynd i NN T ZFRFF 1 1A747
Wi, SRIEMAE B.GI148-xynd, RIEEHTIHESRIELL
NEEFRFEMINA - AL GI148-xynd KB BB A
REREREIE ATk 93.321 U/mL. P2 A=tk 2 S mT g A2 A
REAN R (R FE R AEAN R IR IE B 2R R A
— ¥, DARAFIRGPER R R R IR B WA, A
TN SE HEAFAE 2 b . (B RBEAT A 5 )
NI Anpaliokie

2 BRI
Table 2 Orthogonal test analysis

%5 A: pH{L B: RE/C C: #ME/% D: #id/(/min) BE/1U
1 1 1 1 1 2.68
2 1 2 2 2 4.11
3 1 3 3 3 2.23
4 2 1 2 3 2.98
5 2 2 3 1 3.67
6 2 3 1 2 2.08
7 3 1 3 2 3.09
8 3 2 1 3 3.72
9 3 3 2 1 2.13
Kj; 3.043 2917 2.827 2.827
Ky 2910 3.833 3.073 3.093
K 2.980 2.183 3.033 3.013
Rj 0.133 1.650 0.246 0.266

FEABEH KRS 11 i 10, 135508 K pH N 5.0,
HHATEERGLZ pH 2.0~12.0 407 2 h J&, I HBEIE U0
Bl 11 Fos, FEBRIE AT T, BREIEREAC. fERRIESH
PERAET, HERAREE 102 5 UAREE 7116 80%LA L,

5 SRR B RS R ZE AT T P R R BRI CE pH A

2.5 EHRKAEEER A

K2 B. subtilis WB800 HERLEIUAL G R3S 744
R P IR SR R 2 L3, EANE pH (3.0~9.0)
(9 1% AR EENE IRV AE 50 °C /KIS N 30 min J5 &
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5.0~6.0 AR RIE S, £ 37 'C, pH 5.0, pH
5.0~7.0 A TR 1 h, MEBHS ), TRARFEETES>
AORFFLE 68%. 50%LA EAHLL, FERRMESEAT T It 52
PERE ., BT pH A EY 1 526 .
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Fig.10 Effect of pH value on xylanase

KT R A RN, WF AU 2 e I RIA
ARG, MELEPWIRBNE (Uspergillus niger var
niger strain N402) &N V)-p-1,4- AR EWERGAEREREH
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pH A 4.0 7E pH N 3.0~5.0 [ P, A SEMEBE 3G 14
B, 24 pH<2.0 A1 pH>6.0 I, AZEHEBEEE UM T
B (KT 30%), BEHIHAEY 21 pH FsEiaH . i
TS ARG A T R 2 5, sk
15 2y T R T A 2 2 A T A SR Il TR T 1
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Fig.11 The PH stability of xylanase
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WKAHT, TE40 ku Bhio B — & EMEAKT, K
WER I FE 20 B. subtilis WB800-P7.

3.2 SR B DR 2R SR I AZ 56 43 B B E 2 4 A P
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[Pz, 15 SRR IR 73 il IR >
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FS M FENZIREE N 1.2 mmol/L, #4515 5 ODgo
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FSehri KBS 71 421 TU, SCALRTHILL, BEE 742
1 64.45%. UFEIAL DA & 1 CRE B IS, R
i U v PR R TR (LB e I 2% A
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