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Recombinant expression of o-L-Arabinofuranosidase
from Bacillus pumilus and hydrolysis of xylan
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Chengdu 610065, China; 2. College of Food Sciences, Northeast Agriculiural University, Harbin 150036, China )
Abstract: Hemicellulose is a rich renewable resource, which is one of the most promising raw materials for the produc-
tion of biofuels. a-L-arabinofuranosidase (EC 3.2.1.55) is an auxiliary enzyme in hemicellulose hydrolase system which
catalyzes the a-L-1,2, a-L-1,3 and a-L-1.5-arabinofuranoside residues in non-reducing terminal of various oligosaccha-

rides and polysaccharides. Bacillus pumilus is a widely used, bio-friendly feed microbial strain that can degrades man-
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nan, xylan, cellulose and so on. Therefore, cloning the a-L-arabinofuranosidase gene xyn43 from B. pumilus and recom-
binant expression is beneficial to the separation and purification of the enzyme and it can be applied to the hydrolysis of
other hemicellulose polysaccharide. In this study, we used the E. coli BL21 expression system to express the a-L-arabi-
nofuranosidase gene xyn43 isolated from the B. pumilus and then analyzed the enzymatic properties of recombinant en-
zyme Xyn43. And we used Xyn43 and commercial Xylanase derived from the mutant strain of Aspergillve clavatus to de-
grade the oat spelt xylan. The results showed that the optimal temperature of Xyn43 was 50 °C and the optimum pH was
6.0. Tt was stable over a pH range of 5.0 —10.0 and temperatures of 45-55 °C. Compared with Xylanase alone, the re-
ducing sugar content in the hydrolyzate of Xyn43 and Xylanase added simultaneously and Xyn43 added after Xylanase in-
creased 16% and 20% respectively, and the xylose content increased of 35% and 48%. The studies indicate that Xyn43
is able to synergistically with commercial Xylanase for oat spelt xylan degradation and can improve the hydrolysis effi-

ciency, produced more xylosaccharides, arabinose and xylose.

Key words:; a-L-arabinofuranosidase, xylanase, oat spelt xylan, recombinant expression, synergistic effect
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LR e OB (D-ABE, L-BIRiAARE) , O
(D-Fi%IHE, D-FFLBE, D-H &) fl— itz
W (F FUBH TR R TR BH T 12 ) 55 S [] IS A8 Bt 2 B
(I 2B ( Ay 5305 2011) , a2 3 R )5 1%
B A1 1 O AIK BAS 1) 25 W) Jo 7 A8 1A A 1 7
dh, WG BN Tl A2 5 4 PR R A H B
KU e R B, A R 02 A 7™ AR 0 R R 1Y) B
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e Z LR A%, H 5T A K i 5 B 22 R 1Y) S TR
Z 5, FHEK N DI B-1,4- K EBE (EC 3.2.
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AW LR 2 2 R ORI 1 A7 e BHLAT T 32 5%
K A it 1 5 e, — S R SR Tl A 1) 0 e AR A R
W PRLOT 22 (8] B4 W5 B, DR I AE 32 B o8 42K g 2 AT
W6 DA ZT 40 . A TRBE L B L-FaT 741 1ok M A 32 )
S 7 I AR T A SR K A T T 1, R O BEL RS T
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AT K DA /I 25 60 AF T v B B0 A - LBl ir
AW R A L TH xynd3 FE E. coli BL21(DE3) Jit
MRk RZGp EA KA, B0 TR 71 kDa 1
FAHE L, 40T 7 2 o-L-Fa] i 47wk i B T
Xyn43 A= PE T, OB B 4] Xynd3 A1l AR 3R
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)& i, RS 20T 1 BThi AR S RS 1 & i A8 4k,

1 MR 5T

1.1 #F#

B AR5 Ok . KA E. coli BL21( DE3) FlJfi
K pET-32a( +) NASLET AR AF, FZH . D-K
B, LBl 7 A1 B, A0 86 22 R SR W5 I 11 BIOMED 2
Fl 3 B M B (Aspergillve clavatus) W) 5 7% B R 75 b AR
R, W [ LT R s A AR AR Dy [
Sytrat, W [ BRI AL T
1.2 /&
1.2.1 xynd3 ¥y LA Em R L ALKEC K
Fl| wynd3 B, {H K B8 75 K W FF T E. coli BL21
(DE3) ptpi ik, IR )T 51 43 b7 45 R & WX
EAT MRS ERI, B THRAAEA, &
FEARZBRAG 5 BRI 50T, 5141 8 1 8 o0 b 2 1
S ECR W B B S5 3R E . B AS B ST AR 4 55 5
FE M TR R BB A B AR 4y A A
BamH 1 #l Xho 1 i 1T R BR {55 KA PCR &34 5]
¥ : xyn43-PF ( CGGATCCGCAAGCACAACAATTGC )
1 xyn43-PR ( CCGCTCGAGTTACCTTTGAGTAAACT-
GCC) o DABERERI R AR K155 KA xynd3 BTk DNA
R, RIS xynd3-PF Fl xyn43-PR 14 xynd3
LR F 1, PCR 4887 4 Jie [DISC e £l P BIR o 4
WY B BamH 1 F1 Xho T 43 5 XF xynd3 %K 1
pET32a Bk DNA #E 47 BUEEYT 45 XU V) 3 )5 19
xynd3 H L R BEA pET32a 244K H B T4 DNA
FEFEREYE Ty i 2 R xyn43-pET-32a, R H
T2 RIR TR xynd3-pET-32a H A KIGFF I E. coli
BL21 (DE3) HiAT xynd3 ML,
1.2.2 EE G Xynd3 0 44t 5 4 B A3 5|
THENEREREMN LB MRS R E D IEAENR, RS

HAERH E E R0 LB AR SR A R A AR
KF 0Dy M 0.6 ~0.8 Z[HJ B, A LU Ny 0.5
mmol + L IPTG T 16 C F 5T 16 h £iAEAHE
H B ORI ] PBS 28 ik o B A8 7 B
4 °C,12 000 r + min", &0 20 min, 37 B A
W AT 144k S A AT R AZE MY SR
SEVEML A T RN [] DK s v B 7 92 TR 5 TR AT
WAV 11, SDS-PAGE 60 36 M3 25 11 1 2 1
1.2.3 Xynd3 B & ey ml & DLIESE KRB NI
Y, RN ZRH 1 mL, Ff 4 500 wL 1% (w/v)
FEARRBEM I pH 6.0 #7450 -05 1R = — 9 2% th ik
T M BRGS0 °C RV 10 min J5, iITA 1 mL
DNS 211 B, I 5E 540 nm BTG, LLAEoy
BRK A AR FRBE = HE A T 1 pmol D-ABH AL R
W I it 2 A Bl A SO 1 ANBTE B (TU)
1.2.4 Xynd3 B2 R AT R pH XFEEIG 1 45200
BT 1% M2 R RBERY pH 3.0~ 10.0 A9 22
M 100 mmol « L' #7152 -Na, HPO, 2% th i ( pH
3.0~7.0),50 mmol - L' NaH,PO,-Na,HPO, 2% &
(pH 8.0),50 mmol « L™ H 2 #2-NaOH 2% #p ik (pH
9.0~10.0) , 7E 50 C 4T /KI RN 10 min Ml 5E
fitg 1% 7, L S ) SR B 100%

U 2 G 7 B e . il pH 2 vPRORE T
WOE 4 B, 43 WITE 30,40 .50 .60 .70 .80 °C 1 ik
JFE RN S 7, RO 10 min, H A B ) A i Y
HEH 100% .

pH FoE P 43 At - B it B VR 23 0 & T pH
3.0~10.0 FIZE i 37 COARMIE 1 h, Ttk
SR 2 T 7K 10 min 0 52 76 4% Bl 06 7, o i
1= G 11 100%

PSR M A BT < B30 Sk %) il 40 L A 45
50 155 CHEIRAKIA T 1 h, 5B 10 min BUEE—
W, R G T I 1R B A GE pH 45 T RN 10 min
D3 T8 45 TG 77, 5 PR TR O min B (900 1 Tl 9% 0 14
4 100% .,

1.2.5 Xynd3 5k KRR EBHGHRAER L 1%
(w/v) ML ARRBERIRY , & 5550 0 HE 4 Xynd3
fitf (3.6 wg - wL') S K AR 6 hy KR BEREE (0.7
pg - w7 HHKAF 6 hy B4 Xynd3 i FIA R A
LR K fE 6 h, SRIG, SEMARRIERG KR 6 h )5
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. (A) M. DNA maker 2 000 bp; 1. xynd3 JEFP M), (B) M. 85> F & Marker; 1. Zi4L)5 A9BSR ;
2. xynd3-pET-32a i L35 3. PAMEXN I8, S B EHIAE S L,
Note: (A) M. Standard DNA molecular weight of 2 000 bp; 1. PCR product of xyn43 gene. (B) M. Standard protein marker;
1. Purified recombinant protein; 2. Recombinant xyn43-pET-32a without purification; 3. Blank control of E. coli BL21 (DE3).

Bl 1 xynd3 ) PCR ¥ 8 FTERIAGAT I BL21 Hh ) H 40 K58

Fig. 1

LA HE , P INE 4 Xynd3 BELEZE R 6 h; oG
TNEE 4 Xynd3 BE/KAR 6 h 5 & H G, HINAR
WERGARSE N 6 h, KN IR R 37 C . e, ¥4 X
IO YR B O MR B ] DNS 300 38 J R 5
T, I FH R SO AR €315 7 43 BT K A 7 4 v B A
B FABE B 5 1

2 SR E M

2.1 xynd3 By sEfEFIRIK S

MR 5 | P17 5L A 509 1575 3] PCR
PGB 1A Z I 2K 1458 bp, 465
485 M ALMR , W By 25 11 4> 758 71 kDa, Rty
U R A FORL aynd3-pET-32a #5 A K 7 4T 1
E. coli BL21 ( DE3) Hif5 3 3 1k | 1 & B A 2847 5%
FZEM > B 4lifb 11, SDS-PAGE HLjk 45 S &1,
H Xynd3 H 50 F i 5 WY & AR/ A —
H(E1:B),
2.2 Xyn43 B BEZF MR
2.2.1 Xyn43 ¢ & & pH A& & 7F pH3.0~10.0
(28 bR I E Xynd3 TG 1, T 2 45 3R,
Xyn43 [ feidE pH 4 6.0, 7 pH6.0 ~ 8.0 2 6] it
FEE 80% LA L i A0 X il 7% 7, M %% vp W pH /N T

PCR amplification and recombinant expression of xyn43 gene in E. coli BL21 (DE3)

5.0 SR T 9.0 B 3% [l 19 AR X il 75 AT 50% ., 7
30~80 C ik & i Fil NI % Xynd3 1 75 7, &1 3
SR X 3l N TR E N 50 °C TR E TR
30~40 °C B AH X Bl 6 PR FFLE 75% L L, 25 50 i
FER 60 °C B2 i i) AH X BTG 298 55% , T B v T
70 C B, AHXT BTG BEAR 2] 30% LAF
2.2.2 Xynd3 # pH #& & e A8 2 BUE Bl
WA B B T pH3.0~10.0 MG il b, 37 €k
TRHCE 1 h, Tl RO 5% 14 I e 4 il 0% 77,
P S S B N 100%, Rl 4 45 R R0
2 Xynd3 7€ pH8.0 [ 5% why h A% e ok e df, 7F
pH5.0~10.0 Z [A] B H8 2 HAH X Bl % - F5 7E 70%
DL b, 7€ pH3.0~4.0 FRYESAF T AE 1 h J5 AH X
1% 15k 30% LI

V430 B W 40 B FE 45,5055 C R E T E R
KW 1 h, BEFRE 10 min UK T 08 O 5500 T
5 76 4% W36 7, K5 PR IR O min IS A9 IS 7 %R
100% ., &5 45K FW % /FE 45 .50 .55 C &M T
Fechae , Horb 45 CAyfefae , 1 h J5 B 17 Ak
BN 75% 7547 ,50 °C A1 55 C N HIK 1 h J5 40 3
fiEsR B2 65% F 68% 2 A7 HI BT 11,
2.3 Xynd3 5L ARBEEEDEKERZARE

P E 4 Xynd3 fiff 5 ok U5 T4 h 25 R A2 AR 1Y
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Fig. 2 Optimum pH of Xyn43
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Fig. 3 Optimum temperature of Xyn43

Tl A SR T I (] 7K A e 22 AR SR, LA 1% (w/v)
e RKBHENIKY), ¥ A Xynd3 il A 54 Bl
IR 56 Je sl B AR N A R vl sk DNS 9]
FE TR 7= g RO JEOBE 9 5 i, I R RO
TR IK A 77 40 v BT AP B AR & S 2R AT 4 AT
e 1 Al %0, Y B4 Xynd3 i A0 58 W B ] I
A Sehn R 5 M I 0 4 Xynd3 il S i 4
Xyn43 i J5 AR SR g 7 A6 0038 J5mE 5 2 53 5 ok
K B R AE A 1.16,1.20 1 0.92 f5, H1%
2 AT, AH T A RO it R U D T e [ AR
FH B2 A 5 B i 5 N Xynd3 i, AOHE & &4 5
HINT 35% F1 48% , i Je I 4H Xynd3 g5 fin AR
ROVERG 7 Az 0 AR E S i o R SROBE Bl B ek A Y

X EEE
Relative enzyme activity (%)

El 4 Xynd3 By pH fa & M
Fig. 4 pH stability of Xyn43
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88% ., FUCINE A Xynd3 i i Jin A 58 B AH 1L
T ) ESF AR S T A SR OB i 0 B 4H Xyn43
il 7= A= (A BT AP B s o 3 s T 72% F1 94%

3tk g R

LT A KA O — B R B A A] AR BRSO
Wy el A5 S T kL AL AE B BE R, I A SRR AR o 41 4E R
IR T 6 ) BOR B E AN T2 T, Tl A
ARIEHG IX LE AR AR 1) A ) o e A A Y
At , AN EEAN Tk AR 7 il W T A 25 PR PR R U2 A
ANED ), RER YRR e — P A H R 2R 10 Z UG
MR S R W, A YRR A RS
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x1 EH Xynd3 BFIAREBNEIERASE
HERESERMEIREILE
Table 1  Comparison of reducing sugar content

and synergistic efficiency of recombinant

Xyn43 enzyme and Xylanase

R2 BUBHEBEITESR Xynd3 BFIA R HEE
thEME AR KB R AREMA R AESEEWN

Table 2 Analysis of the contents of xylose and arabinose
in the hydrolyzate of recombinant Xyn43 and Xylanase
by high performance liquid chromatography

i JEOBE 5

BT B 5

wopmm gogEm I g shmn AmER R T g
The f}rst The se‘cnnd sugar content Syn‘BI-'gIStIC HRE  Xylose con%ent S}‘/'l:leirglstl(‘, content S}Te.rglstlc
reaction reaction (mg - ml") efficiency Enzyme (mg-mL"') efficiency' (mg+ mL") efficiency’

ABF — 0 — ABF 0 — 0 —
Xyl — 3.43 — Xyl 0.65 1.0 0 —
ABF+Xyl — 3.97 1.16 ABF+Xyl 0.88 1.35 0.31 1.72
ABF Xyl 3.17 0.92 ABF—Xyl 0.57 0.88 0.18 1.0
Xyl ABF 4.11 1.20 Xyl—ABF 0.96 1.48 0.35 1.94

. ABF. T4 Xynd3 Ff; Xyl REMERG, T, PrREE
“hy 5 SR M T R AR T A B 3 DO o Y LA

Note: ABF. Recombinant Xyn43 enzyme; Xyl. Xylanase. The same
below. Synergistic efficiency is the ratio of the reducing sugar content
to the reducing sugar content produced by the Xylanase alone.

Z 558 WL, o-L-BT 7 A1 Wk W Tl 2 2 5 K i
L-BaT 7 AP W% I It , e A BOK Al SRS e &1 4 R 5%
EENEZ AQUEDRISE 27 W IS A T ETA(SE =3 DI T DA S|
W21 L 5 W8 RN BT i A R SRME 45 FE R AR 4 R
(i A ) BE A kAl 2 27 4 2l 1 K A | 4R T K
FERR o= L-BaT R AR PR A 0 1 il A o S SR R
BHA % 7K i Bl , 78 Tolb A= 7™ B gk) 32 v F ( Saha,
2000; Numan & Bhosle, 2006) , f3.45 B 73 T
2RI A ST ORAR ) A T AE

AHI G DL/ ZE AT B v B 3 ) S B o
L- B[ 17411 1o Mt 4 I TR wynd3 7E E. coli BL21
WA T TARH xynd3-pET32a &7 B bk,
22 i 2 — A B — (1% BT 7 AT POk g Y il , LA B AF
AR E R E PE T 12 /0 pH T 327, 4 Xynd3 i
55 ok 5 T o A 5 A TR RR 1 R M A SRR 1 I [ K
fiff M A7 A SR, 45 L 3R W G ol il ) B R R S
KR BERG SN Xynd3 B, 7K A 7= 9 10 38 JERE &
ABE RN B 700 & 1R A W 042 K R RIOR
TR RO il 2 A, (E S A Xynd3 il J5 A
KSR il 7 A ) 3 SRR BT R AR OB AR B B A
AR T A SRR Wl P A P o 3X — IR AE Z 1T (9 B

. ABF+Xyl. BiFPREEIRIAT SN 6 hy ABF—Xyl. &/l A ABF
Wt 20 6 h, 2 WSS A Xyl 4K2E )% 6 h; Xyl—ABF. %%
A Xyl BEE 6 h, B W 55 AR ABF 4822 52N 6 h; B3
[RIZCR S PR B 5 7 A Y AROBE & it 5 Xyl SRR ™ AR /Y
AW AR ECAE ;P IR0 SR T R 8 [ B AR Xyl— ABF
A =R B RS & i 5 ABF—Xyl 404 7= A i BT hAA OB &
YL,

Note: ABF + Xyl. Two enzymes simultaneously reacted for 6 h;
ABF—Xyl. The first join the ABF enzyme reaction 6 h and boiling,
cooling down then adding Xyl to join the reaction for 6 h; Xyl—
ABF. The first join the Xyl enzyme reaction 6 h and boiling, cooling
down then adding ABF to continue reaction 6 h; Synergistic effi-
ciency' is the ratio of xylose content produced by the combination of
the two enzymes and the xylose content produced by the Xyl alone;
Synergistic efficiency” is the ratio of arabinose content of the combi-
nation of the two enzymes simultaneously and the Xyl— ABF with
the arabinose produced by the combination of ABF—Xyl.

FEP AR E A, a0 A i FA KR 5 I R Y1 ( Yang
et al, 2015) 7385 21 oo~ LBl 437 {17 PR Mkt it A
RUERE O RV, e R R BB A LBl 5247k
WRE AP 8 1149 T 1 7K A At AR RO , 77 A 14 i iR
i O AR SR A T 98% , X FTREJE N
JEIA Xynd3 [, 5 Az 7 A A B BTS2 A7 B8, I 41
il 7R RO Tl 4 G ), T BB N Xynd3 i
SRR T R RMEBE I R W45 5 7 a5, T BOK BBl
-5 R B 245 45 BE 0 A1, 315 IR 0 14 4 ) R
AR PR FAIL ) 25 R 5%, B L TR i 5 i 2 68 Tl 1 1
PP HE— 0 SR AR . AW 5T B K A 7= By
B AR SERE  BRLARR AR | A SRR il S AR
I FURE ™ A R SE M R/ i B8 AROBE | A B AR Bl 7
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VB, 76 A SRBE R P A Xynd3 )5, RIUERLT
BT RLAFURRE , AR A 7= A e, P R R
WERG IS I Xynd3 [ 77 A= (0 AW F BT R AR 5 o i
1o, TR A & 020 2 i R SR E I JS 0 Xynd3 il 2l %
e i [ B A D A S M e 5 At it 28 5 AH LE 23
A B S AT R T AT A 04 D) 25 R N B TR
AR BTRLARE B R 2 XA AR TR O R R b
fitg S R, 7= AR T K a B R 20, Xynd3 il g A
X SRS 4 00 55 v K S A BT RLAR B . X R B
Xynd3 AL BE M HE 27 A TR 33X K 11 22 580 1 )
7K S TR T BT T AP AR, I K S A S 0 i ) —
SERT LA RS | P A BT R B

FIA, 1l 21 4 28 Wl ) 57 o 22 4 JL A Al
EII i, A4 BT 7 A Wk e T il D A A b s o 2 4
RHAL hy PR (B R 100 Ah B 5 2 10 1 i J5 %) 7k
AW R R P W R AR 7 R S5 R T Ak BN AR
EGR TR AL B O B PR BT S G L AR A% 2D XA
AW AR AR, ASAIE Y %) i 2 Tz A PR e
TFRE Xynd3 & —Ffoim i e P il , B AE B 3% F K
SO G 7, B2 = K R AR DR RT AR A Rl o
£ 4 ZEE S B, F AR TR I A e A

BEAL, L-BTRLAABE R 3L )2 o0 A T 4R 4 R
AIMINEE o L-Fa] PR = — B A R i A 5 9
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