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FAGk e B AbINC2b 38, 4 F &4 57.04 kDa. AbfNC2b 38 #4iEM H &1+ 4 55°C. pH
6.0, KpF2 Viax 25 4 (6.48+0.73) mmol/L F=(1 248.0+114.6) U/mg, 5 H At % 2 B 28 kR 49 o-L-FT
FAG ek ke B BEAE b B R 5 b 7E 300.81 U/mg. AbfNC2b 38 EA 44F 49 LEE A= NaCl % b,
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activity a-L-arabinofuranosidase from Nomascus concolor
fecal microbial metagenome
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Abstract: [Background] As a valuable hemicellulase, a-L-arabinofuranosidase (EC 3.2.1.55)
can degrade xylan with other hemicellulases and is applied in food, medicine, and biomass
energy conversion. [Objective] This study aimed to clone a novel a-L-arabinofuranosidase gene
and analyze the heteroexpression, purification, and enzymatic properties of the protein.
[Methods] The o-L-arabinofuranosidase gene was amplified from the fecal microbial
metagenome of Nomascus concolor and heterologously expressed in Escherichia coli
BL21(DE3), and then the enzymatic properties of the protein were examined. [Results] After
a-L-arabinofuranosidase gene AbfNC2b 38 was amplified from the fecal microbial
metagenome, a recombinant protein AbfNC2b_38 with a molecular weight of 57.04 kDa was
expressed. At the optimum conditions of 55 °C and pH 6.0, the enzyme showed the K, of
(6.48+0.73) mmol/L, the Vmax of (1 248.0£114.6) U/mg, and the highest specific activity of
300.81 U/mg compared with the a-L-arabinofuranosidases of other metagenomic sources. This
enzyme was highly tolerant to ethanol and NaCl. It showed the relative activity of 68% after
being treated with 30% ethanol for 1 h and relative activity of approximately 70% after being
exposed to 25% NaCl for 1 h. Moreover, it had the highest synergistic rate of 1.21 when
synergistically degrading beech xylan with xylanase. [Conclusion] A novel
a-L-arabinofuranosidase gene AbfNC2b 38 was cloned from the fecal microbial metagenome of
N. concolor, which was successfully heterologously expressed. AbfNC2b 38 was highly
tolerant to both ethanol and NaCl, and can cooperate with xylanase to improve the degradation
efficiency of xylan. Hence, this enzyme is of significant application potential in feed and food
processing.

Keywords: fecal microbial metagenome; a-L-arabinofuranosidase; synergy
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o-L-F] 7 { R PR i (a-L-arabinofuranosidase,
EC 3.2.1.55) BE fif: 1k A I 0¥ K v A1 HE 18 I O
o-(1,2) . a-(1,3)8% a-(1,5)-FarHr i ok i b 2 g 1
ZREON AR TN 4 L PR ONGE AR 3L, P[]
HoAth 21 45 2 W FR AR MG . B- AN
o] 4 1% T 8 0 2 T A SRR T Il 5 BSOS SROME 1) 5
Sk, AT TR R A7 AR T
A A T R AR AR R B R
[LTRENE AN s 1 NS RN SRl (I EA (S D A
R o MO R S TP T A S RN H RS
PR T B E (Aspergillus niger)' O R ELZE
9 #F W (Bacillus  subtilis)!"™"™ | K BB A+ 56
(Bifidobacterium longum)“g'zz] . K ==
(Trichoderma)®™" | ¥ % 1 J& (Penicillium)**>"
5525 T 8 (Streptomyces)™ N AERR AKAL A W 16 1
lit} % $% J& (Carbohydrate-active enzymes database,
CAZy)H, M4z BRI IR, o-L-BTHiA
RIS S T GH2 .GH3 .GH10 ,GH39 .GH43 |
GH51. GH54 il GH62 ik

Y E W 25 R A Y i AR
PR, HETAAHZEIRENAR A, BFERRM
WA FE, @A B bR R R
MrEA T 6 PO, A AR 4 © M 0 g 36 9 A £
SERRANBETT5  iE4T PCR 3 3 i 58 BH A4 v s ok
T 55 L A0 5 R A A5 B S b A T s o3 i
Xt P A D REVE RS ik, B R4
FRE AR E P i E R AR RO g
L2 oA —Se b P . E YR L B RIS
P SRR o-L- BT A1 POk R AR i S L A
{EHZ B X BE  o-L-BAT 7 A1 Wk AR 7 B AT A7 AE A
it W WEAE VB A5 S5 A2

A 5E DT A 0 78 2B 56 K AR (Nomascus
concolor) EZIERN AW TR &, ik . whEIFR
IRFRIE o-L-BT P AP kB it , 38 e X il 2
PERTRAEGY, DAIRAS A s Eg e . iR

AT Y oo~ B2 AT Pk R AR 6

1 MR5r%

1.1 Hm

VG SRR A A A W) 2 L I 4 DNA
IR HAR pEASY-E2 S AL /A7, R
WAtF B BL21(DE3), dbatZ Rl A A AR
LI
1.2 FEZERF LR

JookE A O &L e Il i 2l Ak ) &
Omega /> A); Ni-NTA Agarose, Qiagen 23 H];
ARERRWN, FAEYLRARA A XA
2R H —o-L- BT $7 17 Wk 15 4 FF (p-nitrophenyl-a-L-
arabinofuranoside, pNPA), R4 H4A BR
); PrimeSTAR Max DNA Polymerase. PRI
WY (Nde 1 #1 Xho 1), TaKaRa 2+l ; #5254
7 A AR R Ml A SR I R RS TR Ok 15 )
Rl o-L-BAT 37411 0k PR % 1 7 , Megazyme 28 7] ;
XoT il Kk % 5L -B-D- ik W 45 %4 B 17 (p-nitrophenyl-
B-D-glucopyranoside, pNPG), X fiff 3t A Fk-B-D- A
PRI (p-nitrophenyl-B-D-xylopyranoside, pNPX) |
Xt fiff 3 7K I -a-D-H #& B 7 (p-nitrophenyl-o-D-
mannoside, pNPM), Sigma 23 ) 5 1L BPEAR R
FOREARRYE . HEEEARRE, BEEAY)
ABRAT]; SRR BRI RN, b S
YRR R AR A R, T IOR
2R A BRA A UKL, PCR X,
Bio-Rad 227 ; AP EEARAL, FEIR K RBHY
NI
1.3 EEREMFISH
1.3.1 EFEmE

AP BT i A A 0 o B DR 2 v
e S SE R H Y o-L- AT AT ok M il i
AbfNC2b 38, Wi AbNC2b 38 HYHEIN 41
V& A IR N YT Nde T (CATATG)FI Xho 1
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(CTCGAG) UL s 5[4 AbINC2b_38 NdeF
(5-TAAGAAGGAGATATACATATGGAATTGAT
GTATCGTTTGTATACTAAC-3")Fl AbfNC2b 38

XhoR (5'-GTGGTGGTGGTGGTGCTCGAGCTC
CTCCGCACTCACGGCAAG-3"), AT B 5 KA

FRIME A R FL 4 DNA A, PCR ¥~
3 o-L-FATRLAF Wk MR H B BE ) 4bfNC2b_38. PCR
JZ AR Z . PrimeSTAR Max DNA Polymerase
25 uL, . FHEEI#I(10 pmol/L)#% 1 uL, DNA
FEAR 1.0 uL, BEEKAME 50.0 pL. PCR Jh 4514
98 °C 30s; 55°C 15s; 72°C 1 min, 30 PMEIH;
4°C 10 min, B2k )50 PCR ;=45 17
) 5 2235 kL pEASY-E2 HEf7iE4E, #4k
F| K F B BL21(DE3) &% 52 A5 40 i, #y 7t
BL-21(DE3)/AbfNC2b 38 T F, LAWK PCR
B UFBHPE SRS, ORAF R FP IR I)T
1.3.2 FHIaHh

il F BLAST iFA74% T BR M LR )7 41 He
XT; SignalP 4.0 Fi{F 5 ik ; BioXM 2.6 Filil| &
5o TR/ Clustal W #1722 16 41 He X 43
B1; ESPript 3.0 X} 2741 LbXf 45 R kA7 3E4k ;
MEGA 7.0 HIfERGE LB -
14 ZRWMFRESAL

HU# ¥k BL-21(DE3)/AbfNC2b 38 LA 0.1%HH
HHEFF S mL LB (Amp £ N 100 ug/mL)
Rege e, £ 37 °C. 180 r/min i1k 12 h 5 LA
1% IR T 500 mL &4 WE 100 pg/mL
Amp [ LB B35, 37 °C. 180 r/min J535 %
ODgp=0.6-0.8, FiFRILARHIZE 20 CLELEMA
e BE N 0.7 mmol/L #Y IPTG, T 16 °C 180 r/min
BigR 20 h A DSBS EHER A E . FEIOKIR
G, 2150 W 75 4 Mk AR AR 4 20 min
JEUAEE R, 12 000 r/min 2.0 30 min J5ULEE
i, P Ni-NTA Agarose Zfifk 575 3 4lifig
AbfNC2b_38, i i 2 A I Ik o B J P DK iR 47 2

1437 o
1.5 BEgiEMERINE

it 155 0 5 2 MR SRR A P ik, WA TR
3. ¥ 25 L B 2 mmol/L pNPA 5 50 pL AY
200 mmol/L iR - i R M 2% v (pH. 6.0)1R A,
fE 55 °CHi# 5 min, ANA 25 pL Fikeid 54k
RORE, e 15 min J5H 100 pL 1 mol/L Ky
Na,CO; Z¢ 1k it B i, B 150 pl WA=
MEBRRR . FHBEARGEEUL ODyyo, Wk 10 min
W R TG S5 IR AR A 2s R B R
Pt P O ) R B SR e — AT
TG L (U) BIVPE ) il R g 45 F T, Aok
fit pNPA FEiL 1 pmol pNP i BB . X AR
WEFNBAT R A MR T8 I 2 R 3,5- Ak
B2 (DNS)E, TERWAKRZH A pH 6.0 Bt 2 -y
PR B 22 MR TR 1% 1) AR RO R H A1 SR IS0
TE 55 °CHi#& 5 min, JIA 100 pL BE#, K0
10 min J5 A 1.5 mL DNS & ¥ 5 min, {35
W R P A B Y, R ODsa fA
1.6 E:HE AbINC2b 38 EF I RIFAR
1.6.1 REEBEFREREMENE

M 7E 20-80 °CAM T BTG 71, HEANFH

VLB A5 T MRS BTG, B E BOE TR . K

WT 30, 37. 40, 45, 50, 55 1 60 °CHy Bk
B 10, 20, 30, 40, 50 1 60 min, 7E 55 °CHl
pH 5.0 250 W FLR AR E 01, DARAEAL 3
B@P@’E}{&fﬂiﬁfﬁﬁ?mﬁ?uﬂﬂmé@ﬁ@«ﬁﬁjm‘

. ot e M
1.6.2 #&i& pH #0 pH I2 E 4N E

TEFGE IR NI E pH 3.0—-12.0 (pH 3.0-7.0:
0.2 mol/L BHFR-BEFRENZE il ; pH 8.0-12.0:
0.2 mol/L H Z MR- % A Ak #h 22 il ) 22 v ifi v
ARG J1 . HEB A pH 258 R BUAR T BEIG , o
FE RS Y, pHe W ZEEETEATN pH 3.0-12.0
G2 b WO AR IR 1 h (37 °C), dRiE RV AT
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5 LR ARG 7, DA A A P ) il A 7 o3
SN A I R BEG J0 RRR L, Ay HT pH AR
TEE
1.6.3 EMFRMHENE

FERRE SOV 2544, A 2 mmol/L [ pNPA
pNPG ., pNPX., pNPM F 1% (B4 #0111 E
PEARRBE . MEARKENE . FARSAKRE, B
AR . BRSO R A AT R S
I 5347
1.6.4 EBBFUFRFIEAEER M

KBEREF(—mEmeF: L' Ag  Na',
K'; “M&EEF. Hg'. Sn*', Pb*", Mn*",
Ca%\ Cu2+\ Mg2+\ an+\ C02+\ Ni2+\ Fez+;
M4 @ T AP Fe )AL 2ERF (2 1R 21 |
PEG4000. #hA&AK, DTT. Huh. 8. .
FE | -5 3L 4, JRZE . SDS. Tween-80, triton
X-100. EDTA)/IN ARG {2 S Ak F& v, (i 2k
JEA5A 1 mmol/L, 1% (K50 (i &)@
BRI 3 R K L), 7 Tl e 3l A
FEAAE TS S, DIASI4 &8+ Mike#
T 5 4 B 0 R ) B
1.6.5 BMAESENE

L 0.1-1.8 mmol/L fJ pNPA NJiK#, 7E
il S N R Kol pH A5 T E, K
[ BRI LM LA THROK [ BU(Kn) . KR
I JE (Vi) {EL o
1.7 NaCl XffigiE B &0

B SRR, R AN TR A R T
A pH 6.0 [ifi & - lifi B £ 2% v ik C i 1 vk B2
1%-30%[%) NaCl ¥ , LA W AR R AR NaCl
okt BRI E NaCl x5 0 5 4 g FH 3R K
BeHI Y 1%-30%F0 NaCl R348 /%5, 18
37 °CFYEA 1 h Ja s 2 T I 6 4 il
i, VARBZE K BRI BRCAE 37 °CYEFH 1 h >y
I=POyii

1.8  R¥EFN L-PHI 1A #E X B 7E H Y2 M

] S AR R B pH 6.0 FSER-F R
IR vPR BT RS 50, 100, 200, 400,
800. 1 000 mmol/L M AMEFN L-FIHrfr1h, T i
3N ST I B T, DA WS A T A 1)
IS 2 A% B, A MR S T B s2 . R AL
ZE 7K () A [ e B A A AT - BT 7 AR VS VR
Wi BEBIE , 78 37 °CMAEM 1 h JefEdad 551 T
I 7 TR AR, LA SR K 7 B I BRAE 37 °C
YEHT 1 h 28 FIXT R
1.9 ZEXEgE S a9

TERIESAFT , TR AN I A TR A5 U
TN GG, W35 5% . 10%.,
15%. 20% . 25%F1 30%, PARWAR R ARG 2
B R, DU X B SE e o AN [R) v
() L BEVE R BRI, 37 °CYEF 1 h i, 1EH%
TE AT W0 T A TS, LA B K R T 1
WAE 37 °CYEH 1 h RS AN HE
1.10 5KREBEMHhEKEREER~
o

FH pH 6.0 Fo TS R - B2 B4 22 vh K I 1 1%
WP, 5 R U R 25 4T i fi
pH (4.0, 5.0, 6.0 F1 7.0)F0 i fif i EE (40 . 50 F0
60 °C)XT P FIZCR A2 . FEAN ] pH FR 2%
R B . RN 4E AbfNC2b 38 (Abf)
(0.5U/mL). HAnE AR BERH(Xy!) (0.5 U/mL).
[Fi] B o A b A SR % il RN EE 2 i ADENC2b_38
(Abf+Xyl) 5 58 i 7 b A 50 Bl J5 P in 2R 40 g
AbINC2b 38 (Xyl—Abf) . JehnE 4 F AbINC2b 38
Je PN b A BB (Abf—Xyl), F 200 r/min
FEIRF RN 4 h, B S8 15 min, FRRH)E
JH DNS 32300 7 30 ol 5 st o DA AT o] it vk 1)
JIE 0 Ry 28 11 BTt A9 WG 52 7 Ay 8 o — o i
JZ 4 hJ5E W 15 min, ¥HEEINY —FhG
JR 4 h 2 15 min). S A SR i 1Y
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Tl ik 25 115 5 B P 6T B (PR oL - BT 37 1k el
i), PR T AR R A S50 . PR FIAE TR
2P 5 kg 2 i I Bk s 0t ik ) s B e )
7 ) e 5 g e ok S 8 P I R T 7 ik 2
1 b3 BT

JW T 12 000 t/min B.0> 5 min J5, VA=
S BEVKESIR 7K (6:7:1, B EIFFI, LA
R 50 mL, —2Kf% 1 g, Z88% 1 mL, 1IEBER
5 mL JRSIME R B A 72 )2 (thin layer
chromatography, TLC)53 1T .

2 HERE54M

21 EEREMFEISH

3 PCR PG 75 5] o-L- BT A7 ok Mt b 1 it
FEIR ABNC2b_38. AbfNC2b 38 (GenBank 5%
5 OL416169) 2 A K4 1509 bp, GC &
4 49.83%, EIGEM TN ATG, L IEFGSTH
TAA., H4mt 502 A5, Hith FEN
57.04 kDa, JofF5 k¥4, BLAST XA BE,
AbINC2b_38 [z KR 7 41| 5 N 18 2 T4 6 12
W Bl (Lachnospiraceae) i o-N- Bl £ 7 W I B
i 2 FER 751 (GenBank %5554 MBD8918061)
A 98.21% M e = AU 5 5 GenBank Hr HiAth ok
T BT R AE Wk MR AR i 2 R IR 22 7 81 L R
B, ABINC2b 38 5 fiff A M i #4 25 # 4T 1R
(Thermobacillus xylanilyticus) K7 o-L-BrfHi{A
WRIBETEE(PDB ID: 2VRQ_A). AKI7iBE 4B
VR a-N-BTHL Ak i s 11 i (MBD8918061.1)
1R 38 7 SE PR YR Y o-L-BAT A1 Ok MR A 7
fif(CC0O20976.1), HEMEZ: LR LARIEN o-L-F]
PP W IR BT i (QBG80847.1, QBG80848.1 .
QBG80849.1) HA - ~F P E AR 7k 5 EHLG .
PGG. FGT. DEW F1 VNV (& 1), IAMA
KRBT Glul76 FALTIRSFIXHY Glu298, HEl
BT R 38 FH TR /A Ak 7] B 3 R A A S A2 R

B LY
VA [F) 21 e U5 - -BAT 417 POk IR R 4 il
M2 IR P 9 i R G R B (K 2), MAE Fik
(1) 7 91) SCJ2E R0 SCHRAG 2 IR oL - BT 4 ok i
T RGO A PRIEI ), EZR IR T BB AT
B J& (Bifidobacterium) . 2 6T 18 J& (Bacillus) .
RS . )R (Aspergillus) . HHEHIENA
FHHE . 45T AbINC2b 38 5 Uiz ik
Py 7 5 DR 2 R HE JIES 45 A A 0 2 Rk DR A A D 1)
o-L- BT A 1T Wk g B SR O —32, JF H 5 GHS51
G At o0-L- BT 477wk g ARk il EL A 1 32 A
Ik, 5 GH62. GH54, GH43 FEHIAH
o-L- AT 7 A Wk g W il O % MR I . X R W
AbINC2b_38 f& GHS51 FKJH A b1 o HoAth 7 5 K 4
SRR a-L- BT B2 AR K IR OB B R 2 A TR
GH51 F M GH62 i .
22 o-L-FH{ARKIEHEEES AbfNC2b_38
B RIRFTIES A

W5 T 4 TR pEASY-E2/AbfNC2b_38 %54k %]
KIGF# BL21(DE3)EZ A4+, )y
RS, A IPTG 55383k 20 h Ay, &mkif
W4 AT Ni-NTA Agarose 4fifk. ABINC2b 38,
231 AbINC2b 38 WME A TR AN
57.04 kDa, Xf4lifb. 5 147 SDS-PAGE #aill| &
P, 7E 44.3 kDa il 66.4 kDa 22 [ 45 B i At B 2H 4%
i, TR R S RS T REAMRR(E 3),
U 72 e R A A ARAS Y ou-L-BAT 7 {7 1 e A
fit I DR B DA B 2R 35
23 EiH o-L-FTR{RRKTEHEE RS AbINC2b_38
B g = 4 R
231 REREFEREREM

FEAS [RGB S5 T Al AbENC2b_38 G
ML A 4A 7R, T4 o-L-BiThir {F ok b 7
AbINC2b_38 HJfiGil N 55 °C, 7E 45-70 °C4%
R R 50%LA B BRI
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2VRQ AlChains RUVTNADRY KGTINANT TEH
QBGE0849.1 : vI |NVDHS b
MBDS918061.1 YHLYlTNPKEK (Hi
AbINC2Db 38 NP KEX M i
CCO20976.1 ~ MXKQLVLGAMIFASLSLSAOQK HSDRG

e T D ND SRV AR LRDRAY T DiToe
QBGB0847.1 .. et ittt i i MN{H IK|ID LDRQ S{GIC|I|H[P|H|I F

SPIPN|
SPIPN|

2VRQ_A|Chains
QBGRO849.1
MBDS918061.1
AbfNC2b 38
CC0O20976.1
QBGEO84R, |
QBGROR4T.1

KISERIKRRLEL
EDGIP TREDL

ORZZZ0O0

2VRQ_A[Chains
QBGROS49.1
MBDS918061.1
AbNC2b 38
€CO20976.1
QBGRO84S.1
QBGS0847.1

2VRQ_A|Chains
QBG80849.1
MBD8918061.1
AbINC2b_38
€C020976.1
QBGS0848.1
QBGS0847.1

L‘V|ACG
DIP S I|S{L{LAS A

EWWVTL

2VRQ_A[Chains

0QBGB0849.1 DWFITL
MBD8918061.1 EWYLTL
ABINC2b_38 YLTL
CCO20976.1 DFYWMI|
QBGS0848.1 ERFIRI]
QBGR0847.1 EERISA

2VRQ_A[Chains
QBGS0849.1
MBDS8918061.1
AbINC2b_38
CCO20976.1
QBGS0848.1
QBGS0847.1

2VRQ_A|Chains
QBGS0849.1
MBD8918061.1
AbINC2b_38
CCO20976.1
QBGS0848.1
QBGS0847.1

2VRQ_A|Chains
QBG80849.1

MBD8918061.1
AbINC2b 38 [EILIGAEE|
CCO20976.1 PLEVDCETMDVRD
QBGBO848.1 VTLVDGPKYDSR]
QBGS0847.1 DVFWIGDITFSTAE

DVGELTVE]
RARKLTVE

2VRQ_A[Chains
QBGR0849.1
MBDS918061.1
AbINC2b_38
CCO20976.1
QBGBO84R.1
QBGS0847.1

Bl 1 AbINC2b 38 BIZ FFHI k3o 4F  MBD8918061.1., QBGS80847.1, QBG80848.1. QBGS80849.1,
CCO020976.1 4332k B NS M 40 8 B AR B AL . MR 22 BE DR 20 A P Ui i 22 3R R4, oK A A A SR B IR 0
ZEMUFF R PDB: 2VRQ_A 1N R A5, B0 HER IR RS 2 SR a5, i =k 3R 38 FH R /s
fEAL TR EE Glul76 Rk EAZ IR 3R A Glu298

Figure 1 Multiple sequence alignment analysis of AbfNC2b_38. MBD8918061.1, QBG80847.1, QBG80848.1,
QBG80849.1, CCO20976.1 are from human intestinal bacteria Lachnospiraceae, compost metagenome and
termite intestinal metagenome, respectively. PDB: 2VRQ A from Thermobacillus xylanilyticus is used as the
secondary structure template. The black box indicates the conserved amino acid residues, and the arrow indicates
the common acid/base catalyst residue Glul76 and catalytic nucleophile residue Glu298.
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Figure 2 Phylogenetic analysis of the amino acid sequences of AbfNC2b 38 and a-L-arabinofuranosidase
from different families. The phylogenetic analysis was constructed using the neighbor-joining (NJ) method in
MEGA 7.0. The number in brackets is the GenBank accession number; The number near the branch line

indicates the reliability percentage of the branch in the test; The scale represents 0.20 replacement nucleotide
positions for each branch. All sequences are from GenBank.
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Figure 3 SDS-PAGE analysis of AbfNC2b 38
recombinase. M: Protein molecular weight
standard; 1: ADbfNC2b 38 pure enzyme; 2:

Unpurified AbfNC2b_38; 3: Escherichia coli cell
lysate containing empty plasmid pEASY-E2.
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Figure 4 The optimal reaction temperature (A)
and stability (B) of AbfNC2b_38.

I AbfNC2b_38 J#{i , tH3& 1 A] 41, 7E 1 mmol/L
M4 JE B F Ag 2T, AbINC2b_38 Ay 1
o amidl, B oSn®Ah, Hofh 4 B T
AR EAMEERN, 3] AbINC2b_38 XI4:
J& B TR FE UG 1%A94k243855) Triton X-100
Al SE4 3 AbENC2b 38 MITEYE, 2R M.
PEG4000. £hFRNFIZBRXT AbINC2b 38 Hify
BRI RIAVER, FRAF G KT 15%. DTT.
B-FIL L BE . SDS A b2=ilIXf AbfNC2b_38
P4 il 355 1 A A R R B R R R, T 1% 00 2
A i ABfNC2b_38 W7 45 =5 2 109.76%.
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Figure 5 Optimum pH (A) and stability (B) of
AbfNC2b 38.

234 MAFESH

L pNPA “NJEEHIRT, AbINC2b 38 KK RH %L
Koy (EAHR SN HZR Vi 73591 24(6.4820.73) mmol/L
FI(1 248.0£114.6) U/mg.,
235 EYEFEEME

25 32 AN ) IV s A 0 T B, 4L
AbfNC2b 38 XJ pNPA F 58 B /K it 16 P , B
A 142.19 U/mL, LiGPEHR 300.81 U/mg; Xt
PNPG. pNPX, pNPM H1 pNPG JCifitE; XF 1%
(R EOR I BREAR RS . TR TN . 1
TETE A SRMEFN L-BTH A SR TS 43 3 1.47
6.26., 4.33 1 5.22 U/mL,
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# 1 ERBFMUERTINELE AbfNC2b_38
& RSS2 i
Table 1 Effects of metal ions and chemical

reagents on the activity of recombinant enzyme
AbfNC2b 38

Metal ions and chemical reagents

Relative activity (%)

Metal ions Control 100.00+1.74
(1 mmol/L) Lj* 4.97+8.09
Hg?* 4.3143.12
Sn** 110.21+6.67
Pb** 61.69+7.00
Ag" 0
Mn?** 78.90+9.43
Na* 96.74+1.48
Ca* 9.37+7.81
Cu** 9.80+3.24
Mg** 4.23+4.07
K* 4.89+8.49
Zn* 4.62+1.86
Co** 90.32+2.81
Ni** 1.91+9.77
Fe** 9.74+1.93
AP* 26.87+5.64
Fe'** 63.63+4.79
Control 100.00+0.08
Chemical  Ethyl acetate 7.39+0.05
reagents  PEG4000 5.66=0.13
1% (VIV)  Guanidine hydrochloride 11.36+0.87
DTT 78.2242.05
Glycerin 76.60+0.37
Acetic acid 2.67+0.81
Ethanol 109.76+0.16
Methanol 70.45+1.35
B-mercaptoethanol 42.96+0.35
Urea 52.66+2.23
SDS 31.52+0.89
Tween-80 68.37+1.47
Triton X-100 0
EDTA 103.64+4.21

2.4 NaCl;K[EXf AbfNC2b_38 Eg;E BY 22

TEAIA] NaCl vk B2 451 T Kl AbfNC2b_38
B A 25 3 An &l 6 A T , NaCl ¥ BE N 1%38
F] 30%HMf, AbfNC2b 38 F{%% 17 fa s R 4518
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Figure 6 Effect (A) and stability (B) of NaCl on
a-L-arabinofuranosidase AbfNC2b_38.
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Figure 7 Effect (A) and stability (B) of xylose and
L-arabinose on o-L-arabinofuranosidase AbfNC2b 38.
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Figure 8 Effect (A) and stability (B) of ethanol on
a-L-arabinofuranosidase AbfNC2b 38.

¥ AbENC2b_38 | b o-L-BaTir 7 W b 1 431
SR AR TNER S THEAE & EE, AbINC2b_38
%ﬁﬁﬂt%%@ﬁfbﬂ?ﬁﬁﬁﬁﬁmﬂiﬂim

1.21 (£ 2), &JEHER = EEN 2.23 mg/mL
(1 9); il a—L-BﬁMHﬂkﬂiﬁﬁ%ﬁ@ﬁ%ﬁ&*%
WERG PR VR e BRI 325 111, 3 sp i
M 2.05 mg/mL (K] 9), v BAASH T H i
BN a-L-PURL A mk s i AbfNC2b_38 57f
MV o-L-BAT 7 7 1A PR AR TR LU B B 4 b R
ARG RIER . HZE(E 10)BeT A
SROWE e i S 3 vh R S AR O, RS X
FECRIT ou-L- BT 7 17 PO e A I B2 s o 2L 40, I
RIS I A IRRANE R A
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ARt E &

Table 2 Synergy rate of ADbfNC2b 38 and
commercial xylanase under different enzymolysis
conditions

Degradation Abf—Xyl Abf+Xyl Xyl—>Abf

conditions

pH 5.0 40 °C 0.75 0.99 1.03
50 °C 1.09 1.21* 1.19
60 °C 0.96 1.05 1.08

pH 6.0 40 °C 0.83 0.86 0.98
50 °C 0.89 0.99 0.98
60 °C 0.96 1.02 0.96

pH 7.0 40 °C 0.96 0.98 0.95
50 °C 0.92 1.03 1.00
60 °C 1.07 1.10 1.02

Abf—Xyl: KA RBERS S NMA AbINC2b_38 FEAIA R
REEWER ; Abf+Xyl: /KA RAEIS R AbfNC2b_38
FIRTAL A BWER ; Xyl—>Abf: /KA B 560 A Rk
ABBEEG A ADINC2b_38; *: il

Abf—Xyl: Add AbfNC2b 38 first and then commercial
Abf+Xyl:  Add
AbfNC2b_38 and commercial xylanase at the same time

xylanase when hydrolyzing xylan;
when hydrolyzing xylan; Xyl—Abf: Commercial xylanase
was added first and then AbfNC2b 38 was added to
hydrolyze xylan; *: The highest synergy rate.
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Figure 9  Production of reducing sugars by
synergistic experiments of recombinant AbfNC2b_ 38,
commercial o-L-arabinofuranosidase and commercial
xylanase at pH 5.0 and 50 °C. Abf: Only AbfNC2b_38
or commercial o-L-arabinofuranosidase is added to
hydrolyze xylan; Xyl: Only commercial xylanase is
added to hydrolyze xylan; Abf—Xyl: Commercial
xylanase was added after AbfNC2b 38 or
a-L-arabinofuranosidase was added to hydrolyze
xylan; Abf+Xyl: Add AbfNC2b 38 or commercial
a-L-arabinofuranosidase and commercial xylanase
when hydrolyzing xylan; Xyl—Abf: Commercial

xylanase followed by AbfNC2b 38 or commercial
a-L-arabinofuranosidase for xylan hydrolysis.
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B o-L-BalF7 AF W IR BT B AbfNC2b 38, 4T

2 22 35 31 4 B i AL J5 R O 25 v B EAT T OB
IE WFFT LS W], AbINC2b 38 fivid& pH 4 6.0,
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1 h A 40% 1 F AR [ (3% 3)-

G I8 B T ANAk 23500 %o 1 R e A AR 5T
FKH], AbINC2b_38 537 4@ & F Atk 2zt
FIRZI , 2804 8 B T Ak AR e s
BRI EIVE A . 5 AL YR IR GHS1 &
T I oL - BT 7 A Wk e 9 il B 5 49 B R B
Cu®*. Hg” 1 Zn® %t GH51 ZIGEHI KIS a-L-Fi
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i i

Figure 10  Collaborative experimental hydrolysis thin layer chromatography (TLC) analysis. M:
Xylo-oligosaccharide standard; 1: Xylose standard; 2: Arabinose standard product; 3: Blank control; 4: Only
commercial a-L-arabinofuranosidase was added to the reaction system; 5: Only xylanase was added to the
reaction system; 6: Commercial a-L-arabinofuranosidase and xylanase were added to the reaction system; 7:
Xylanase and then commercial a-L-arabinofuranosidase reaction products were added to the reaction system;
8: Commercial a-L-arabinofuranosidase was first added to the reaction system and then xylanase was added;
9: Only AbfNC2b_38 was added to the reaction system; 10: Only xylanase is added to the reaction system; 11:

AbfNC2b 38 and xylanase were added to the reaction system; 12: Xylanase was first added to the reaction system
and then AbfNC2b_ 38 was added; 13: AbfNC2b_38 and then xylanase were added to the reaction system.
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B, AE | L-BaThrAFTE A e BB , X AbENC2b_38
At . L-BT AT o-L-BAT LA ik i
T 8 40 BT B A AR SRR (R 7= BT, 24 LT r
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