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WE  HIRR N-R B KRB RAL T W, A NCBI 2 & P it | BA R 53 #4750 % Rk &t vl o @ iR 3
KA REERZEMH A N-RmATF , RAE &E3EAM PCR H AR N-Kan B M 2 ° TR, RAE KRN B ) B4R K B 5 0%
R oW ZBE A THERAY ARLEFLR ERAN . £ 100mL TBZHRAFEN 1L5%HF ik, %S % 3.5h, F e
200 L 500 mmol/L 5% & J —B-D-#AX ¥ $L4E 3 (IPTG) , £ 20 C# 4§ 21.6 h # 3] S £ K R AE B xynP Ak b, L85 7E
1 884 UlmL, AR 4EBE xynP Fo % % B xynP-1 69 R iE R E ¥ % 40 °C, = pH A5 5 A 4.5 4 50, £ FF pH L4 22
J& , KK B xynP-1 48R 09§44 F (pH=4.0)#4 & M ug 55 T & A& A K B 458 xynP, ™ k& pH AL 49 % 4m (pH 4.5~5.5) 38R
AR B R B xynP, LU N-K b xd R RAEBF 09 RAS R M — E¥va . &% 5 F Ph¥ At 33X A + = ke R ARER 44 (SDS) |
L= TR (EDTA) *F 2 AF BB 7& H A A B 6930 VF A . AR KK B A4E A R o 43 d Fr e K, 1853 A 53 A 1.72
mg/mL F2 2.57 mg/mL;v,,, % %) 2 0.93 nmol/(mg-min)#= 1.15 nmol/(mg-min) , ¥ & B 49 J& 4 #F Fo A Fo AR AL 2 F 3 R B R
B 35 2 A5 T ERIT b R xynP A2 % & B xynP-1 /5 , R 7T B 5 3l 24.33%4% % 5] 90.03% %+ 95.70% , 9.7
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1 MREFE
1.1 5

H S xynP N NCBI 540 4 b i i O 3% 2
TR TR () R A RA G M, EZE
20 K FF R (E.coli) DHSo FLK B AT 16 BL21
(DE3) B0 3K T RARAE ARG BRA A . ve bk
& pMD18-T Vector il 4% ik 28 1k pET-28a (+)
Vector 4 A EAY) T (KiE)ARAH

Q5 PR F DNA 5 g BRI N YT B Neol |
Notl T4 DNA i# $z i , 52 E New England Biolabs
22 F);DNA - Maker 2.5 mmol/L i 4020 4% 11 = 8%
B2 (ANTPs) | JFORL/N e 18050 & . DNA 24 [ i35
&, RAREACRHE (b0 A7 FRZS R 5 5% 7R M Tt 1
fEHL K (SDS—Polyacrylamide gel electrophoresis,
SDS-PAGE) B il il & , 1138 = KA A A
FRAT]; PERAKRENE, Sigma AF]; AR EHEEN
Amp). #i B KB &% R
(Kanamycin sulfate, Kan)., 5N 3#&-B-D-#iftF
FLBEAF  (Isopropyl—beta—D—thiogalactopyranoside ,
IPTG) , It R EFHA RA A Hog aln i
R R U B 24 g o B 4l 2
12 N&E5EE

UV-1800PC #4541/ Al WAp ot ik, i3
TR AL AR W] 5 TY92-1IDN B8 75 35 240 it Ay
WAL, T U 2 AR R By A R 2 W] 5 C1000
Thermal Cycler 4 PCR {¥ .SUB-CELL GT %7K~
i Uk 78 PowerPac Basic % %E ¢ HL 7K {X .Gel Doc
XR+BBER R AZ 73 M R G, 52 [ Bio-RAD 24l ;
Sorvall ST 16R ¥ VR B L, SEEIZEERC A Al ;
SZB-20 BUHI UK AL, w2 ZE R 2 A PR W
ZWY-2102C B 15 IR 4R 5 bR I 0 A A
il AT PRA A
1.3 BHFEET
1.3.1 Luria—-Bertani (LB) A& 15 55 3 (o/L)  HHH
10 g AL B0 10 g BEEET 5 ¢, 7K 1 000 mL;
PR SR BT B 2% 35008 o
1.3.2 TeITifiC—BI‘Oth(TB)?&14&:[:%?%%(%’/[‘) ik A
FIRE 12 g, EERFEZREUY) 24 ¢, H il 4 mL, 7K 900
mL, 100 mL B2 £5 22 ik .
1.3.3  Yeast peptone broth(2xYT) ¥ A& Ks 77 5
[ R 16 g, BERER LY 10 g, AL EA 5 g, 7K

(Ampicillin  sodium,

1 000 mL,
1.3.4 Tryptone Soy Broth(TSB)Xi#dt & M
15 g, REAEHR S g, #4LH1 5 ¢,7K 1000 mL,
14 FHik
141 HMERK Mk 5REA RIS NCBI £
JE G 1 0 H 3L R P 8 T4 R PCR B4
51 %) F.5" -CATGCCATGGCCCAGACCATTAC CA
CCAGCCAGACTG-3" Fl R:5° —~ATAAGAATGCG
GCCGCCGAAACAGTGATGGAAGAAGAACCA -3’
HEAT H B I PCR 73, Ho ) 42358 43 50 5
B Sl 4 N DD B Neol A1 Notl BRI 45 . PCR I
N Z A DNA B4R 1.25 wl, 519 F 1.25 pl, 5l
PI R 1.25 pL,5xZE W 5 L, dNTP 59 2
pl,Q5 {4 K DNA R 4 0.25 pL,ddH,0 14.0
WL PCR S I 25144 :98 °C 30 $;98 C 105,68 C
30 5,72°C 1 min, HE 30 MEH ;72 °C 5 min, 4
CHE ., PCR Y 8™ W F 1.2% 1% 35 I W 55 g Hi Tk
K, 288 DNA [RIBGR ) & Ui B 5 % PCR =4
PEAT 2k, K IR PCR P22 T4 DNA i#
5 pMDI18-T %42, ¥ Y« & KW ¥ W DHS«,
P I BH P T B 0 P I I R A . T kA L B
PR, A 100 mL K532 5P 40 100 pl /9
100 mg/mL 2P 4E 2 76 LB 35 77 3 b 85 55 51 1)
U IE I 5 TE B A 3L R FE Neol 1 Noel BV AL 45
5 pET28a (+) i ¥ , 2R )= % 4k 8 K W #F 5§ BL21
(DE3) A W N xynP,
142 ARWERG SRR S
1.42.1 HHEERLEEIT HEAEK xynP 0
A R E (Kan) (9 LB AR K 323 b 78 37
CHRM T IRGHFE 5 W ODgopu 164 0.5~0.6 B
YERFhF W25 FH . 264 100 mL LB 15 5% 3L i i
2.0%Fh ¥ W, 175 AL CR N IPTG (14 15 7% i 6]
4 3.5 h,500 mmol/L. IPTG # AN+ 200 pl, %S
W R 20 °C, 5 RFE N 16 h 1F Sy AR 205 i
xynP IR IR RIE M, BIR AE—PRERH
EHREANE, FF5ER—A X A RS TR 5
ESF AT

1) ¥EFREMEmW  EiFREE 20 °C, H#Fh
i+ 2.0% 500 mmol/L. IPTG 200 pL. %S0 H 16
h S EHL 3.5 h B9 &N BF5E 55 95 5 LB [ TB,
2xYT . TSB %f A R WEREG 5 T 3R 3K 05200
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2) RPN 7E LB Ki 3R R iE T

L 20 °C 500 mmol/L. IPTG 200 wL. i7 i Ja]
16 h 3% 05 AL 3.5 h 19 45 44, AF 5 £ F i 200l
1% ,1.5% ,2% ,2.5% , 3%} X A M5 S ek 1
AU

3) EREHLA SN 7R LB B R AP iR
HE 20 C. #FP & 2.0% 500 mmol/L. IPTG 200
pL 75 S 16 h 1 2% 44 BF 58 35 S AL 23 301
2,2.5,3,3.5,4 h B XA RBEEFSE S 33K 095200

4) 500 mmol/L, IPTG @I (%M 7 LB
B g2 5P HE SR 20 °C 2R 2.0% | iF S it
[ 16 h i S A ML 3.5 h (941, 5% 500 mmol/L
IPTG &8 & 4391 >4 100, 150,200,250,300 wl Hf
XA SR WE S 3 IR 15

5) FEREERRW FE LB K53k b fe g2
H 2.0% .500 mmol/L IPTG 200 wL. % FAfE] 16
h, HESEHL 3.5 h 950, BFSEIHE IR 73 50
16,18,20,22,24 CH} X} A SR W il 22 38 521

1422 W EBETE R T RE RS R,
SO A SR I TG ) 2k 3 AN, R
i 1 17 43 BT 4K 44 (Design—Expert 8.0.6) 1T Box—
Behnken {5531, #5357 3 &K 3 KERIKE, LA
il 3% 7 (Y) by o 57 {49 17 40 07 1 k6 o5, LA
SE AR SRR A, m R R R 5 KOF
W1,

143 AKREWEAGRZIRNHE RIE4EYERY
Sy HTILE S AR RIS (3R 2 iR ), $RI
RIGHAFE DHSa h & A47 H 09 7 Bei BokL, B LA
9 PCR S i A >R FH 8 8 SEfh PCR H AR 3
T8, MxE R mE i 1 s, xynP N-K it ()
“QTITTS” # ¥ Ay “FPTGNTTELEKRQTT” [ i ¥ %
K VR T A RMERE xynT (NCBI % 5% %5 : ACS26244.1)
(19 N=A i J7 51 |48 2 B xynP-1,

F1 MEEREEZRKER

Table 1 Response surface test factor level table

6) EFMEAEI £ LB MR S K BT AREA AN
I 20 °C. AL 2.0% 500 mmol/L IPTG it Wy I G (©h
200 pL, i S HL 3.5 h 1 40, BF5E 75 S 16 1] 43 - 10 18 20
51 12,14,16,18,20,22,24 h B %o A 58 0 it % 0 = 20 22
SRR 1 2.0 2 24

x2 SI¥FEIEITREEYIG A
Table 2 Design of primer sequences and restriction sites

K] 14 /31 (5°-3") W I Bl A 2
Fu CATGCCATGGCCTTCCCGACAGGGAATACTACGGAGC Neol

fu CATGCCATGGCCTTCCCGACAGGGAATACTACGGAGCTCGAAAAGCGACA Neol

GACCACCCAGACTGGAACCAACAATGGCTACT
F CATGCCATGGCCCAGACCATTACCACCAGCCAGACTG Neol
R ATAAGAATGCGGCCGCCGAAACAGTGATGGAAGAAGAACCA Notl

519 F AR JH T 0 BRI xynP 24, 514 Fu Al fu JH T N-oR e, R0 2 RO 7 2

N-Kii C-FKii
xynP QTITTS L Coe ] GSSSITVS
xynP-1 FPTGNTTELEKRQTT [Coa GSSSITVS

B1 MERETEE

Fig.1 Transformation strategy diagram

144 KRN L EZERGLL  DUAERF 55
1% 1 2 P &K 51 21 R Rk B2 A T & Kan (40 pg/ml)

f9 100 mL LB }53:3L 37 °C,160 r/min 15 3% £

OD fH7E 0.6~0.8 Ju [H , Wik S # PTG (500
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mmol/L),20 °C .160 r/min 5 3% 16 h #17iE 5 %
ik B EIRE SRR AT RS0, 8 000 1/min (4 C
B0 10 min WA, A 10 mL 0.1 mol/L (147
PR ER 22 vP W (pH 4.5) 47 EE 8, |75 i BE 10 min,
5 10 000 r/min 4 °CES.L> 5 min, WA WIBER . %
FHER R E Mt f R 20 R R AR 2 R 17 55 A atifh
K H SDS-PAGE H Jk 56 3iF - I & & (170 7 & &
FFR I BCA i35 &0l 5 26 1 R

1.4.5 K RMEREREE I E K 0.1 mL 3& 240 R
MRS 0.9 mL 1% A A RBEIR P T7E 55 CK
W AT RO 5 ming SR A DNS J5 250 7€ AE i Y
b JFORE S B A 1 mL DNS &, ¥ K i 15
min, @, A 1 mL 40%P97K &30 41 B B0 4k v
WL AEDE K 540 nm AT E W RE A,

B G (U) s Xk 7F R iR 2, A0 b
K i A B A 1 ool AW BT 7 2 ) R —
A TG LAV,

1.4.6  AKBBEEG xynP & 5878 (R 24 5 1 00F 5
1.4.6.1 el i B g e v

1) WX IE T 52 BERE 25~80 C([H]
B S CH MY 7E 0.1 mol/L .pH 5.5 ¥y i 3 2%
AR UEAT R R DNS J5 3 I 5 A X i 7
(DA Fe A1 B 451 R I S 7128 100%) .

2) M IERE R RS> e T 35,40,
45,50 C&M FARE 30 min (pH 4.5), KA Lt
DNS J5 2 I 5 5 A i i (LA A b B3 i 0
100%) .
1.4.6.2 Fcili pH {H 1 pH {E AR E Pk

1) pH EXEEE 109 sgm) %4 pH 3.0~8.0
(0.1 mol/L) 1% Z& vl (#7452 2 £k 2% v pH 3.0~
5.5, BEMRELZE i pH 5.5~7.0, Tris—HCI 2% b ¥
pH 7.0~8.0),7E 40 CA 1T #EAT R0, R H] Bk
DNS J7 ¥ & AR X BETE - (LA pH (44 T 1
fitg 1% 114 100%)

2) MR pH EECENE KEE T LRz
(A7) pH 2% vhigd b 647 ORI, 40 “CORIR 2 h, K
FH B3 DNS J7 32 0 5 5% 4% i 16 (LA oA Ak B2 1) il 0
F1°0 100%)
1.4.6.3 4 )@ B F Bk 23500k 5 4 R RO g S
SARRIE I R R R 4R B TR A
EI% ;K* \Na+ \Zn2+ \Pb2+ \Fe3+ \Mn2+ \Ba2+ \Mg2+ \Cu2+ .

Ca b AR IE . O NG 5N EE A i ik
PIEE . H A EDTA \DTT .SDS JR % .CATB, #%
TSI B RS B T, S T BN E
2R SRBE I (5 ), el A5 DU i (DAR
US4 B T AL SR B T O 100% )
1.4.64 WMfEsh 128 WER %5
B MR E 6 SRR FE 0.1 mol/L ,pH=
4.5 FPE TR L 0% o S5 N S S B AE 45 CF LI 5
min™ >R ] 3R DNS J7 #4700 & | 5 5 s AR
4 GraphPad Prism 715 K, 1 k.

1.4.7 KRB xynP K 2748 PR 76 35 R 31 18 1
MR SR S b S Bk 78 40 S AR 2
KL UIHOT & T Ak b bR & o 8 B ks e
SERIIA 1% B0 3R i i 47 €6 500 5 1 35 51 00 7 40 44
B J5 T 4 220 A0 ik vk, D8 ED R S R R T (pH=
4.0) , PRAFT 4 CE W, ¥ 521 B M AR R X
AW (2 U/mL) MIAZE] 10 mL 328 0 5y F
45 °C AR 30 min, A0 FRJS A9 531 T ik Kk Hoin gk
2 min K{G#, JF7E 4 000 r/min 2514 F &0 10
min, AR F1F o R 5 A0 —1] UL 2356 5 B e D I
660 nm &b I 5 [ A J5 S T 0 33 6 R (T), LA 46
IKAEXT R (T2 1009% ) o 355 5638 1 I /IME S SR i
BRI FIBFE AR, SR DNS 3500 St oh i 5t
AR S| DR I SE R WIS oy V@I b oy s A |
VSR TR T % f o DAV A5 it T I 1 37 SR I
IR AE Ry 28 L0 B,

148 HdEarSgit AR ESR 31K,
fifi FH Excel \Origin 2022 i 17 Z46 4 ¥ 5 73 #r , 4l
(ZPIEESN

2 ZHR55W
21 AREEHBEENE

VIR RAERG xynP MEIH, did PCR 73845
£ H 8 7 B, 1.2%35 N WHEE IR F DK R0 | 45 2R 1 ]
2 Fim A BEA K 570 bp, I HA H BERK
H i3 K xynP B9 K/h—3K
22 ABREBMNFESREZHEMKWK
22,1 HRHERLE
2211 BEFRIEXTRRERGEG G ) KR
RZEAEFRBMERAZES, GEWIESE
FrHE A DU % 2 0k A — o SR TS DR I e 4
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2000 bp

1000 bp
750 bp
500 bp

570 bp

250 bp

100 bp

4 :M. 2000 bp DNA Marker; %57 1 7 H#x DNA,
B 2 xynP Bk E

xynP electrophoretic diagram

Fig.2

KRR PSRBT A, G5 R aE 3a TR, B
T TB K3 HAH L T H B 3 2 1h97 8 55 o %
RFEE CEREE, I EA 4% 0 H AT D A ik
TEFN AR R4 ), B IRk % vhil v] LASR AL RS
) pH (A BT S T AR 47 0 TG 22 I WU | J5 &8
BATR 2 0 ok o BE R TB RS IR A N S B R
5

2.2.1.2  HEFR AR RIS )RR

HRE TR IR EE , R A IS i 4 b AT
DIAR BT 1 F 88O 0 T W SRl B p i
O3 % R R 1% ,1.5% ,2% ,2.5% , 3% %) T i
PEAT RS 1 e . W 3b Fis , MR RN 1.5%
IF WG ) e o BEE 2D RGN, B0 4n TR TR
o e, B R SR I O R TR AR PRk B 5
T, A A ) T R,

22.1.3 PSR A RBE MGG 5 i
S AL A R PR R A RS S, RIS S
AL T TR R IR, S T RS TS S
AL, LAS S0 B R A8 o, 20 i 6 i AL R 2,
2.5,3,3.5,4 h BB HEATRETS 100, aniEl 3¢ fr
AN, YA ST HLAE 3.5 h 3k B TH 0 | 2k 252 184 i sk
KRG ST 0R T B, X2 i TEEFRAT R, 7= AR
A F o SRR R S T T R, S 3R A R
//[\[20]O

2.2.1.4  IPTG B A RIS 052 PTG
e — M E AR AR SR 5 AR, T LUK
FER G 3 B R 3Rk 8 TR &G PTG

[ il 2400
1400 | —~ ~
= — -

£ oot £ 2600 E nof
5 = 2

R Elooo» R Exzuou» -RE‘zooo—
51 .2 800l H 2 9.2

&2 .l B S a0k B E sl
g g g
E ol = =8

g g 2000 S 1600
=200 = =

i 1800 | ) ) X 1400 11 ) ) .
LB TB 2xYT TSB 1.0 1.5 2.0 25 3.0 2.0 2.5 3.0 3.5 4.0
R AL $EAh 7S L
Medium Inoculum size/% Induction time/h
(a)Fi 33k (b)$EFh it (c) i AL

2000 - 2400 2200 -

= = 200 2 2000}
£ £ £
S 100 ) =

'R\\; _R\%200l]- -R\>\‘]800_
2 2 1600 | e :i st :_E

23 & F 1800 Z 3 1600
Q Q g

g,uoo r % 1600 & 1400 |
= =
& | &

1200 L L L L L 1400 |- L L L L 12007 L L L L L 1 L
50 100 150 200 250 300 350 16 18 20 22 24 12 14 16 18 20 22 24
PTG ¥ i IR Al
IPTG addition amount/pL Induction temperature/°C Induction time/h
(d)500 mmol/L PTG (e) i IR IE (£) 5 S 1)

B3 AKEWEEERIEAFHHMML

Fig.3 Optimization of expression conditions for xylanase
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MR LA 00 R R S AR R 43 il S 100,
150,200,250,300 wL 9 18 & 2F 17 B & e, an
Kl 3d FToR 5 7K A B 100 mlL 375 5 35 5 2
FHER N 200 WL 19 TPTG Xt K Mg #F 1 375 5 1 4 FH e
£, AR SL4 i 0 S i it 2 R BTSRRI
iy IPTG A F— 2 1 28 AR, S i 2o e i
5 e L il % AP
2.2.1.5 1755 U B AR A Xk R SR I 0 1Y) 5 )
R T IRR EAER TS RINEEE DOy AR
Iy W 25 16,18,20,22,24 CHESHE S 175 5511
PRV I TS g o e g SR A1 3e FiT i, YR
TR B B TE,20 CCak B TR | B S T 4R
P R R R A AR sk v #0255 v I 1Y 1
ik, B )T R,
22.1.6  PEFEFEIXS AR RBERTE 0w 5T
BHRDE S RIEN — PN EEEE, TR
(5 S OF R), DLBS ) Ry A8 o 43 i 6 22 5 12,14,
16,18,20,22,24 h 55 0 W 2F A7 B35 00 22
S5 AN IR 3 R WG 7 B 5 S I R) 0 S K Ah T
FTRRAS 22 h i RO e A, Ak S N5 T B
KBS 1O T B, 1R K i
SRR T ) A2 T AL TR AR A5 TG ) R
222 M B A iR
2.2.2.1 Box—Behnken it 5455 MG AR E
SR ZE IR VEEUE A R (A) A SR E (B) ME S
FIE)(C) 3 > Xl ) B 25 1 = A

% 3 Box-Behnken i3 i&it 54 R
Table 3 Design and results of Box—Behnken test

. BT ASEA ATHE BEH(V)
(A)/% (B)/IC (C)/h (U/mL)
1 1.5 20 22 1 804
2 1.5 22 24 1 560
3 1.0 18 22 1 700
4 2.0 22 22 1756
5 1.5 18 20 1 684
6 2.0 20 20 1 642
7 1.5 22 20 1764
8 1.5 20 22 1 876
9 1.0 20 20 1 704
10 2.0 18 22 1756
11 1.0 22 22 1752
12 1.0 20 24 1 564
13 1.5 18 24 1 542
14 1.5 20 22 1904
15 2.0 20 24 1 584
16 1.5 20 22 1 896
17 1.5 20 22 1 884

AR B DA B i 56 A IR 30 19 e 1R 2%
P, LA (Y ) AR by o SO2 A 388 3w 7 1 2 A 4
PR T 17 AR T 5, BEAT W T AT i
IR BT S 4R 3 Pos,

2222 [PIAKERIE E S, e H R AR
% 3 P 17 ALK A e L T A P A
SEITE Ty RERERY | [n] Y=V TR £ S 25 O3 B 45 2R
4PN,

x4 HABERHEZESHT

Table 4 Significance analysis of the regression model

 E KRR 75 Fe B WA B F1a P1a BH&M
B 2.25%10° 9 25012.81 16.39 0.0007 ok
A 1 562.50 1 1562.50 1.02 0.3453
B 5 268.38 1 5268.38 3.45 0.1055
C 54 733.95 1 54 733.95 35.86 0.0005
AB 676.00 1 676.00 0.44 0.5270
AC 1 681.00 1 1 681.00 1.10 0.3288
BC 961.00 1 961.00 0.63 0.4535
A? 22 376.46 1 22 376.46 14.66 0.0065
B 14 607.20 1 14 607.20 9.57 0.0175
c? 1.31x10° 1 1.31x10° 85.84 <0.0001
*E 10 683.80 7 1526.26
PSS 4 303.00 3 1434.33 0.90 0.5154 FEF
% £ R 6 380.80 4 1595.20
by 2.35x10° 16

T ROR 2 F DA P<0.01 5% R85 5 3, P<0.05,
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il 33 {8 ] Design Expert 8.0.6 %4, X[l 14
BB J7 22 B 45 SR 4T T Z o0 R BIA G,
SEUAHER U SIRE ARy B AR KRR
Wl e 1 5 T SRy e N AE A 22 00 R H R LY =
1739.75 - 31.254 - 83.55B + 269.30C — 13.004B +
20504 C - 15.50BC — 72.904% - 5890B> — 176.40C>,
MR A TFTLIE W, & B R FAE R RS R
W HET h C>B>A | RIVF T i (8] > 5 5 i 52 > 4% Fh
W, AR FH N 16.39, P=0.0007<0.01,
F WLz A AU n] I 22 5 o M W 3, HOR LI (P=
0.5154>0.05) A &g 2, M Oz A 8 B AT )4 1) 401

BRI RERE O B U E R R?=0.9547,
B ESISESOT IR E A B S l]
T 775 120858 A0 0B 2 8] /) P00 BE AR AT, i
TR AT 40 B RS B 4 A OB B xynP S
WALIUEGEEE STy SO0

2223 AR ZEm N EAERSN R R
Mo 7 187 21 )5 77 #% , 7 Design Expert 8.0.6 H' 4 il
H e O AT AE BLVE FHIRL, 20 BT 52 i A 3R 0% i ity
1A PIR R Z RS BAE . LA 1045 4k
A Sz il T, Gl 4 R

R )
Enzyme activity/(U/mL)

g
[igl
3 /
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Table 6 Effects of recombinant xylanase and mutant on clarification of apple Juice

% & )7 A%/ (mg/mL) =T P B 4 /°Bx
x+ 848 3433 £0.85 0.23 +0.09 7.54 +£0.18
xynP B 4k 32 20 90.03 = 0.60 0.22 +0.09 8.26 £0.19

xynP-1 B 4 3 210 95.70 + 0.88 0.29 £0.12 8.38£0.16
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Effects of Recombinant Xylanase xynP N—terminal on Acid Stability
and Application in Clarification of Apple Juice

Qin Chi, Hu Kaidi, Zhao Ning, Li Qin"
(College of Food Science, Sichuan Agricultural University, Yaan 625000, Sichuan)

Liu Shuliang, Li Jianlong,

Abstract In order to explore the effects of N—terminal on acid stability of xylanase, this paper cloned and expressed a
gene sequence screened from NCBI database, designed response surface test to obtain the best expression conditions,
and constructed N-terminal displacement mutants from N-terminal by overlapping extension SORPCR technology, charac-
terized its enzyme activity and related enzymatic properties, and finally applied it to apple juice to explore the clarifica-
tion effect. The results showed that the optimal xylanase xynP expression condition was 1884 U/mL by adding 1.5% seed
solution into 100 mL. TB medium, the induction time was 3.5 h, 200 pL of 500 mmol/L isopropyl B-D-thiogalactoside
(IPTG) was added, and the enzyme activity was induced at 20 °C for 21.6 h. The optimum temperature of xylanase xynP
and mutant xynP-1 was 40 °C, and the optimum pH value was 4.5 and 5.0, respectively. After different pH value treat-
ments, it was found that the stability of mutant enzyme xynP-1 was slightly weaker than that of wild type xylanase xynP
under acid conditions (pH=4.0), but with the increase of pH (pH 4.5~5.5), its acid stability was all plateau enzyme
xynP, indicating that N-terminal had an impact on the acid stability of xylanase. Metal ions Pb** and chemical reagents
sodium dodecyl sulfate (SDS) and ethylene diamine tetraacetic acid (EDTA) have a significant inhibitory effect on the
activity of the two enzymes. When beechwood xylan was used as substrate, the K,, values of the two enzymes were 1.72
mg/mL and 2.57 mg/mL, respectively. The v,, values were 0.93 nmol/(mg-min) and 1.15 nmol/(mg-min), respectively,
indicating that the substrate affinity and catalytic efficiency of the mutant enzyme were lower than those of the original
enzyme. Two enzymes were applied to apple juice. After the addition of the original enzyme xynP and the mutant enzyme
xynP-1, the light transmittance of the juice increased from 24.33% to 90.03% and 95.70%, respectively, indicating that
the addition of xylanase xynP had a significant clarifying effect on apple juice. The results provided a reference for fur-

ther research on the application of xylanase in fruit juice processing.

Keywords xylanase; N-terminal replacement; enzymatic properties; juice clarifification



