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PR, BARIEAE SR B-AC BT % 4 E M
R, AHIZAH I8 I AT 15 B AU A SRl Tl
R R, i — P IRATR . B-AME
MRz, AT . R . B DL A
H i R D ER S B-A BT LA R
SEPERRE , R4 CLHRGE 1 B-AHE T 1 1) f 8 T
JE#RAE 4060 °C Z AU, SR1fIAT 8 Tl Az 7 ik
FETRTERF IR AR T 3T, Bl an & an g% T 2%
SR A= A A TR 6 T I R R e T A M
Ub, N THGE Tl A= T2 MR A = A, &
A7) 0% A7 25 4 AR 0 e 1Y) B A T i
21 4 & B A7 # J& (Caldicellulosiruptor) J& T #
Ui W TR AT, RBAS AE 7 VR 1Y i A AR SR K
FRTE 2R, A R E PR IX ST AR P 41 4 b R
A w8 BT, Caldicellulosiruptor
J& R B AR R ME K B 3R © A — e 53 B IR 3R AE
TR AR G B-AHE T I ) B AN AR X
B OARSCRFSE ) B-AHET i (CoXyl B)J&E T
WK%/ 39 K%, >KIET Caldicellulosiruptor
owensensis OL (ATCC700167"), i% i ] 7£ pH
5.5-9.0 J 50-80 °C MM M AEK, miGAEKE
)& pH 7.5 f1 75 °C1. el , ok A% —
Tl A SR B I AR AW T il T LA E o B R R R
R ANE , TN HA — & 1y ok 1
T A7 U ARBIE TS BAR T E R R AT R s
A 5 28 1) T PRAHRE I o PR 2T 4 R R A i R
A W i A R LS AR R AR 2
A ELA 5 4 R T PR AR T T ) LRV ) o AR S
PN Al 21 4 2% AT & C. owensensis OL
W R R BE TR CoXyl B gRfTE4H Kk 540
b, 38T FAR LG 2R 0T, A I 43 2 A
AT ST SR A B AR
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1 AAe ik
11 #he

111 FURCFIERE : CoXyl B BEDRR IR T HAfif 2T 4k
Z R #THEJE Caldicellulosiruptor owensensis, i
H BB B BT L B PR A fE R AR B, SCE R
2 JFAE pET28b-CoXyl B i iV 7 iR 2H 157 4 Fy
5. KIHFEE (Escherichia coli) trans10 #1 transetta
B e o W /T 8
112 &5 SEERR-p-D- LI PTG Ik
AR (KANA)Y A At gm0, ok M)
W HRIAE], BSA A AR FIba
254G BRA L, RS A i ik 2 35 -B-D- Lk I A B T
(PNPX)IEF Sigma /A Fl, B 5rtrali. Ni-NTA SEFI
FEFI source 15Q FHES T2kt (A4 F QIAGEN
ONTE] R AREE S Z HEE superdex 200 1 [ GE /3],
3 PhAf AT A AT 0 4. 25, 25mL,
12 EHAMKFIRRIE

H Coxyl B H:[H# o FRIPERETIAL A Nde T
FXho T 46 A pET-28b#fAr, HAL T —Bt Hisstag
JFAN R . FAEE R FE ATk pET28b-CoXyl B i
I PR AL 2= KT B transetta J& sz A 4
WA T & KANA $iA R 1 LB ~F-4i , 37 °C i e id
o FFRIEEG, PBURRES] 3 mL LB Hi5
R, ¥R E3E 67 h (37 °C, 220 r/min)., AR5 H
HE4H:3) 15 mL LB ¥igaskr, #RGH59% 46 h
(37 °C, 220 r/min). BiJ5 , UL 1% FhEFHEA 1L LB
B dkrh, MR SR 7 15 9% , 7F ODeoo 47 0.6-0.8
F, IAZLHRE H 0.2 mmol/L B IPTG JEF KT
75 14 h (16 °C, 220 r/min).
1.3 EHARMLL

W B0 WA Y B A 22 P (50 mmol/L
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TrissHCI, pH 8.0, 300 mmol/L NaCl)&E &, */H
R SRR I IR ARG, 4 °C 45FF 12000
r/min 2.0 40 min W4E i . FIFHE 41 CoXyl B
N i Y 2H 2 MR, R R A2 A X d 4 2
1 CoXyl B #4744k {5 FH ey vk B 110 bk mae 22 nfrifkl
(50 mmol/L Tris-HCI, 250 mmol/L BXM, pH 8.0)
R 2H R 1 P ISR VR R o K AR B B T I
Mike 31%)5, i pure AKTA (U2l E I : 165
HE 4l 25 A r Pk, R B B 52 6 1k (source
15Q)4lifb 25 11 , 3 1 A [H] ¥ & 119 2% 0¥ (50 mmol /L
TrissHCI, 1 mol/L NaCl, pH 8.0)## & vk it H i1 &
FUFBR 2 i M FE R, B B IR AR B 1
SR B MBI I e 41 (4500 r/min) 2] 1-2 mL 5 4%
H, WIREOMSFa, KRS 2 AT
(GE superdex 200)2lifb7r B3 25 11, i Bl Iy 4348
W R A, I SDS-PAGE Ha ik kil 2 1 40 i
It BSA kAT A R EE I E o
14 EEARHEEEIE 5k

100 pL RBARZR T, DL pNPX FERKY,
i e 10 5 AYBER 2 pl, S 5 min JEAIA 2 mL
20%BR R ENZE 1 S, R4 6B EETLAE 403 nm
ARG 7= 3 %ot il B P T (PNP) B4, DT 22 A A
HEFAIEHE 1 AEEE AL (V) E—E U
T, Lmin PIELLS=AE 1 umol pNP &
15 EHMRERE. $iEM. B&E pH M
pH A2 E I &
151 SEREWE: HIKWEMHT pH 6.0 122
pPR R, FEASEEE R (20-100 °C, [A]f% 10 °C)
YAV 5 omin J5 e BEVE o DA e S R
100%, 155 i A AH XS 17 1 o
1.5.2 H&i& pH WE : 7£ pH 3.0-9.0 51,90 °C
SN 5 min J5 435 00 B o DA e s B S

100%, 155 HE A9 AH X IE Ve . S R E AR
0.1 mol/L & R4MH-F1 15 (pH 3.0, 4.0, 5.0, 6.0),
0.1 mol/L Tris-HCI (pH 7.0, 8.0, 9.0).
153 PEEMENE : FHGF557E 40, 50, 60,
70, 80. 90 °C W3 H 3 h, SR LEA[RIAF (] A5 Hke
210, 30, 60, 90, 120, 150. 180 min),
FFAE SR IE A5 F T 0 o AR T
1.54 pH REMENE : FHEHIAE pH 2% 1l
FiBe 1045, 70°CAbHE 1 h, SRIG7ERE pH E’J%‘%
IR 90 °C KV 5 min, ERIAEES . A
WG IE 3.
1.6 &8 EB RGBS B I e

fia] S AR 2 I ACAS [R] 1 4 J 25 - sl Ak 24k
FI(&HEH 1 mmol/L F1 10 mmol/L), 7EfidE %
PF I WG o DA SO 1 4 S T Ak 2t
FRN AN I A TRl 1 S AR SRy BRI T B DAAS i 4
J& B T AL R R RS A 1000, TR AH
XTGP
1.7 FHESHNE

FAIRIE pH 58 PR BC & AR EE () pNPX
(0. 0.20. 0.50. 0.75. 1.00. 3.00. 5.00. 6.00 mg/mL)
VERIEYD , 43 7 B3 4518 7 I 4 CoXyl B
PTG . FEASCREENE 3 K. SRAAEZM:#h
LANEIEAER, i GraphPad Prism #fFH4EH
CoXyl B R FC K (Kim) FlER RSN HEE (Vima)
HHS AL B kel
1.8 HWREENAIE(TLC)KE™ Yt

] 445 L APEERRIFTBEIR AN (0.1 mol/L,
pH 6.0) F1 43T AL FE R 2 mg/mL (R 8% |

AR ZREFIR TUBE, ARG A 5 L ik (1.48 mg/mL)
AR S, 70 °C Z5F F ) i 0.1.3 h J5, F 100 °C
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SR THE 10 min JFX LR, BEFHR
(12000 r/min, 5 min)HF#)ZEN@E%EE.
1 pb B E &R 2 pl £ FRR AR TR A5 i
[AR—HE . A A= BERK PUAE.5 mg/mL)]
SFETRERR |, ZERIFFIGE TR « 218 « K=
2:1: DPRIF, BT EHSIBEN R ARV os ¢ V=
9: 1, 4% 100 mL 2 EFfA 100 mg 3,5- —FFHEH
), BF 0 °CHFMTRA,
1.9 4 CoXyl B E¥2(5 BT

FI T BLAST # R E A X CoXyl B #Y[a] ¥
%1, R JH Neighbor-Joining (NJ)(MEGA 7.0)34 744
HRGEHART

2 SR

2.1 B-AETFEE CoXyl B BRITE HLXH4r#r
£ Uniprot 4341, #JE C. owensensis OL

CoXyl B J& T ¥ /K it B 25 39 KM (GH39), K& K]
4K 1503 ML, gt 501 EIERR, HLigH
T2 58.4 kDa, it 5 HAMARIEAY B-AME
it Fp 5 EAT IR)JRPE EE X, S5 59K, CoXyl B 5
K UEF [ R AR A Co Bescii UL K C.
Kronotskyensis 73 7| .G 86% AR, HHAAR
[ SRR IR B-AWEIT AN 70%725 45 i AH
LR (K 1)
2.2 E4 CoXyl B WRIRF B 54k

1 3 X6 A E 40 TR pET28b-CoXyl B K
FrRAREATIA SRk, 4 Ni-NTA BRI BHE T
KT | SRMEEE I )2 M A (superdex 200)4ti4b )5
Nk IFalfb Y CoXyl B, Z5RANE 2 Fis.
afifb )5 BB ZH i CoXyl B K/NZk 55 kDa, 55T
WIME A 7 —20 2 L KIBF b A atife
5% 5.92 mg CoXyl B &1, ¥k 1.48 mg/mL.

Caldicellulosir uptor saccharolyticus (AAB87373.1) 82%

0.03

Caldicellulosiruptor saccharolyticus DSM 8903 (ABP67986.2) 80%
{ Dictyoglomus thermophilum H-6-12 (WP_012547134.1) 80%
Caldicellulosiruptor acetigenus (WP_(0129227842.1) 84%
® Caldicellulosirupior owensensis (WP_013411145.1) 100%
[ Caldicellulosiruptor bescii (WP_015906808.1) 86%
Caidicellulosiruptor kronotskyensis 2002 (WP _013431277.1) 86%
_{:Thermounaembacterium xvlanolyticum LX-11 (WP_(13788498.1) 72%
Thermoanaerobacterium aotearoense (WP_(014758330.1) 71%
Caldanaerobius polysaccharolyticus (WP _026485515.1) 70%
E Thermoangerobacierium thermosaccharolyticum DSM 571 (WP _013297482.1) 70%
Thermoanaerobacteriwm brvantii (AGQO14791.1) 70%
Parageobacillus caldoxylosilyticus NBRC 107762 (WP_042409331.1) 63%
Anaoxvbacillus flavithermus (WP_032100308.1) 62%

1. #F MEGA 7.0 #3% CoXyl B SIEBEFJi# L
Figure 1. The phylogenetic tree of CoXyl B with homologous enzymes. Accession number for each enzyme is
showed in bracket behind the bacterial name. CoXyl B is indicated with a solid circle. The homology is displayed
on the right. The scale bar at the bottom indicates the average number of site substitutions over the indicated

distance.

actamicro@im.ac.cn
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2. CoXylBEHERML
Figure 2. Purification of recombinant CoXyl B. A: SDS-PAGE analysis of CoXyl B; M: protein marker; CoXyl B:

purified protein; B: Superdex 200 analysis of CoXyl B.

2.3 4 CoXyl B B2tk E 447

2.3.1 IREM pH XEEE RN H & 3-A AL
CoXyl B 11 b 7 I B 0% T e 17 328 T 34 o4
90 °C Fif T 176 14 B B¢ 157 , 100 °C Fivf Tt 17 TH 33 g A1 3
R B Y 20% 4 47 o DRI, T2 P e 2 52 1 ik
¥4 90 °C. I 3-B W1, JEELE 40-70 °C 2

(A)
100 -

80
60 -

40 +

Relative activity/%

20
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7/°C

0 1 1 1 ]
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& 3.

], % AR E M N I & 2.5 h )7 CoXyl
B SRR A RE AR ISR R 1Y) 80%LA |, BP
{H7E 80 °CHEE 2 h, CoXyl B ik AT RE{FH %
KEGIH ) 60%, %45 REH], CoXyl B j2—Fik
Ui i A, T B RS PR A

H1 &l 4-A AT %1, CoXyl B AT S 7E pH 3.0-9.0

(B)

100
P 1 40°C
= (&}
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mE X CoXyl B #Ex1EgE R R0

Figure 3. Effect of temperature on the activity of CoXyl B. A: The optimal temperature of CoXyl B. The activity
of CoXyl B at optimal temperature was considered to be 100%,; B: Thermostability of CoXyl B at 40, 50, 60, 70, 80,
90 °C. The activity without heat treatment was considered to be 100%. X +SD (n=3).

http://journals.im.ac.cn/actamicrocn



694

Ying Huang et a. | Acta Microbiologica Snica, 2019, 59(4)

(A)
100

60

40

Relative activity/%

®)
100 -

80 -

60 |-

40

Relative activity/%

4. pH xt CoXyl B 8%} HgEHI RN
Figure 4. Effect of pH on the activity of CoXyl B. A: The optimal pH of CoXyl B. The activity of CoXyl B at
optimal pH was considered to be 100%; B: pH stability of CoXyl B. The activity without preincubation was

considered to be 100%. X +SD (n=3).

TN Ye Tt i 5 B, 78 pH 6.0 I Ik B ER R,
ZIGARXT RGO TR, I, CoXyl B ik
pH fE% 6.0, £ 70 °C AT, 43 BRI
pH ZZ ik & CoXyl B 1h, Z5H LI, WL pH
5.0-6.0 Z [A] (W Fe e ey, AHDR TS 4E 47 7E 80%
PLEo oo, fifie pH o4 5.0 B ik (Bl 4-B).
232 ZREBETSHFRAFIXT CoXyl B HIRMH:
hE 1A, &EE T, A EEMERIG. &
WS (10 mmol/L) ) Mn®* . Zn?* . Sn®* . SDS Il PMSF
Xof S T A R A RIVE T . AR, R
) Mg* . Li*Fl EDTA fEf% 42 % CoXyl B #y
BTG . o, EDTA MIBUSTERSECH % . Mm
WL FE™ . Ni**, Fe™. K. Pb™. B-#idk 2
Xof PG AT A T8 R 5 o k4, 1 mmol/L
1 10 mmol/L i) Co* . CaZ* il Na'™+ CoXyl B %
AN

2.3.3 CoXyl B Zifi%S5HMxE : X CoXyl B
PEFT BN SIS BN E , S5 E 5 R . YR
WHEMLT 7.5 mmol/L B, S s Rl Sk

actamicro@im.ac.cn

* 1 TREFIXFZS CoXyl B BRI
Tablel. Effect of chemicals on the activity of CoXyl B

Chemicals Relative activity/%

1 mmol/L 10 mmol/L
Control 100.00+0.13 100.00+0.15
Co** 88.00%5.75 97.00+5.38
Mn?* 93.00+.45 67.005.29
zn* 93.00+3.31 62.00+2.13
Fe¥* 95.00+3.03 115.00+7.93
NiZ* 95.00+2.59 123.00+7.83
Fe? 96.00+3.56 113.00+4.86
K* 97.00+3.95 114.00+6.86
ca 100.00+1.84 103.00+3.31
Sn?* 106.00+6.70 72.00+2.78
Pb?* 108.00+2.39 125.00+2.02
Mg 108.00+3.46 146.00+5.29
Li* 111.00+6.70 153.00+0.62
Na' 115.00+3.84 92.00+6.79
Ag" 0+0.09 0£0.12
SDS 91.000.60 23.00+1.47
PMSF 93.00+3.94 20.00+0.98
EDTA 97.00+5.34 162.00+4.74
-mercaptoethanol 113.00+£3.77 129.00+2.00
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5. CoXyl B & RiiR Rz
Figure5. V curve of CoXyl B.

B INTRIIG I s AR, YR T 7.5 mmol/L
B, 52N 85 Bl A TS vl B 3 ks AR A, R
FHl GraphPad prism # {4t 47AE e LG TEE R,
It EH CoxXyl B M3l J1 2= S 500 3l
kex=5.0x107° s, K=1.9 mmol/L.

2.34 Coxyl BIK@™=#4#r: L2 mg/mL 1K
W R = ERR DUREAE N ROV, TE pH 6.0,
70 °C Z&AF T AT AR SO, 200, 1. 3 h
PR it A T U2 )2 A (1% (TLC) 23 #r o i 1 6 T R

Hydrolysis of xylooligosaccharide

Xylobiose Xylotriose Xylotetraose

Xylose —
Xylobiose —
Xylotriose —

Xylotetraose —

MO 13 013 01 3

[El 6. CoXyl B BEEAZHE, K=HEFMARIIHES
Figure 6. Hydrolysis of xylobiose, xylotriose and
xylotetraose by CoXyl B. M: the standard of
xylooligosaccharide.

CoXyl B A4 R MR A W . A = WA
W, RV 1N 5 B2 KR . B
FF ] B HE RS KA 77400 P AR B ik 2 W
Horr, CoXyl B % A =48 LA I0D# A g 8 50 2 8
FAR M.

3 itid

WE P E R AR N B B L TE I, H2R
TS TER RN D) S A R A U A R Y
JSLFHRE 1R R A T SRS o AR A SR /K e it 2
A K AT =, B- A RO TEAT) H s
FEHAECTHA B- AR EE LA IR,
FESMRI RIS B . WG R, B-AME TG i
T& Wl FET B 40-60 °C, M A—LLIEHAAH
PRI AEC TR HH S B B- A i 5 BAT B
AR ETE. HET, TN S A RIS
PR v R R B AOHE T B, X LU s AR L A
Aureobasidium pullulans, Paecilomyces thermophila,
Thermoanaerobacterium saccharolyticum, Geobacillus
thermodenitrificans, Geobacillus stearothermophilus,
Bacillus stearothermophilus, Thermotoga thermarum
GRS (SR SR G B AW R Y JE TR
¥7E 60-70 °C Z[a]. Wk AWEHAE Geobacillus
TSAAL #
thermoleovorans | T-08 ) 2 1> B- AT i A fc i ik
¥ 60 °ClPo ik | F [l — B8 1 53— B
Fil Geobacillus sp. WSUCFL (%) B-ACHE 11 it 114 Jo 3
T REIL B 70 °CPAL HULE A, AT [ A
Al BLZE APl PR B- AR T 1R AT A AT
REANA, IXIE7S 1 X Seng AR AT FA BB A 12 v
Jo BUEHH, DR p-AME B HAT B

thermodenitrificans Geobacillus

http://journals.im.ac.cn/actamicrocn
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FIFFRE MERRIE,, Ak JRE T Thermotoga Maritima
(T. Maritima) il C. Bescii it 21> - A i Y B 1
VB 2] 155 90 °ClB2Y AT & BE C. owensensis

OL i CoxXyl B y#AFR MR AE, Himim ik
JE R RIS 90 °C, H7E 70 °C 4/ MR 2.5 h
Je ATy T AR AR X S 9 80%. MELZ T, SR H
C. owensensis OL f¥) 55— AT Coxyl A trid i
0k 75 °C™, ST FJEARF C. saccharolyticus
DM 8903 114 F 41 A WE 1T F XYL39B 5 AW 5% 111
CoXyl B HA 82%AHIEE, {H XYL39B Y fcid
IR 70 °CI2Y | eI AT fg 2 i T O SEHAT
2 S R R T

SR BT HEERFIRT CoXyl B HIBEHE A —&
SN, 15 XY L39B BN AR, CoXyl B 523 10 mmol/L
(1428 251 Ag™ . Mn* . Zn*" Sn®"Filfk %55 SDS.
PMSF () @253, [RIFHRERE 10 mmol/L Mg™ .
Li*F1 EDTA Frigki& ™. fb2#i5%F CoXyl B ik

B 52 ISR 5 R B AR R IR A Coxyl A FEAR—3K,

HJR 4 B 1 52 2 B IR A ], 4n Coxyl A
TG LA 52 M s, RSz sk i Fe' i
T, AR A HHTD%W@E’J?**@KIEJ@@I“Q]
Ik, CoXyl B 7 fd FH 2k 7 Hh 1 A 4 il ix
& J B TRk 2 s i o

LI pNPX MY 2 i sh J12# S50, 4553
B, CoXyl B Xf pNPX 1) Km fEEEK, BIXT pNPX
(ISR T A5 . dE—th, ABF5E % L CoXyl B
XFAR M R SRR DU ELA W I Y R R
71, ReRX 3 MR A SOt R AR R AR .
Hr, CoXyl B AR WA DU ) B A 3505 i 2
e AR OB, 2 I X AU SR A 1 R A 5 R
Eﬁ% R, Aknl22ixf CoXyl B #4754 F il

T, AR MG O Y R S M R SE AT

actamicro@im.ac.cn

DL R T IR
4 Zib

ARG I H X E B C. owensensis OL
PIAMETT I CoXyl B 7 T SRk 4lifh Kl
AT, R B s, #H4 CoXyl B Bk
Wi 90 °C, 7E 70°C ¥ H 3 hJ5 CoXyl B %%
ABEE S REALRF 60%, RIE7E 80 °C MFH 2 h
CoXyl B FRAMHRELRIF I R BEHEG Y 60%, RN
TESF P ENE . CoXyl B k& pH M 6.0,
£ pH 6.0-7.0 JEE N RA B m S 1, B
[ B LA B AR . R =W RUR DUBs e T
a2 g X MR TR . 28 Bk, ASCHESR
(1) B-AMETHE CoXyl B RATER M., et
Y R oA S U 1 T T o

Z % 3 W
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Biochemical characterization of a nove thermostable
B-1,4-xylosidase from Caldicellulosiruptor owensensis OL

Ying Huang™, Xueyan Yao'™, Tengfei Liu?, Shuofu Mi®, Lichao Sun®’, Fengjiao Xin
! Institute of Food Science and Technology, Chinese Academy of Agricultural Sciences, Beijing 100193, China

2Beijing University of Chinese Medicine, Beijing 102488, China

%I nstitute of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China

Abstract: [Objective] A thermostable B-xylosidase from the thermophile Caldicellulosiruptor owensensis OL
(CoXyl B) was characterized. [M ethods] Recombinant CoXyl B was heterogeneously expressed in Escherichia coli
and then purified using Ni-NTA, anion exchange and Superdex 200 chromatography. Further, the hydrolysis
activity of CoXyl B was studied using p-nitrophenyl-D-xyloside (pNPX) and xylooligosaccharide as substrates.
[Results] The optimum temperature and pH of CoXyl B was 90 °C and pH 6.0, respectively. CoXyl B maintained
stable at temperature between 40 °C and 70 °C. After incubation at 70 °C for 1 h, CoXyl B retained more than 80%
of its initial activity at both pH 5.0 and 6.0. Significantly, Ag", SDS and PMSF exhibited negative effect on the
activity of CoXyl B, whereas Mg®, Li* and EDTA significantly enhanced the activity of CoXyl B. The kinetic
parameters of CoXyl B towards pNPX were ke of 5.0x10° s* and K, of 1.9 mmol/L. Moreover, CoXyl B
exhibited efficient hydrolysis activity towards xylobiose, xylotriose and xylotetraose. [Conclusion] Our work
suggested the application potential of a new thermostable B-xylosidase (CoXyl B) in the area of xylan degradation
at high temperature.

Keywords: Caldicellulosiruptor owensensis, thermostability, B-xylosidase, recombinant expression, enzyme
activity
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