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Psychrophilic and acidophilic B-1,4-xylanase and its
Ca’*-dependent carbohydrate-binding module

GE Huihua, LIU Ting, YANG Chun, ZHANG Guangya*

Department of Bioengineering and Biotechnology, Huaqiao University, Xiamen 361021, Fujian, China

Abstract: [Objective] -1,4-xylanase is one of the key enzymes in the biodegradation of xylan.
Psychrophilic and acidophilic xylanases play an important role in preparing functional
xylooligosaccharides, whereas little is known about these enzymes. [Methods] We discovered a
novel xylanase gene by functional annotation of the genome of the deep-sea bacterium
Flammeovirga pacifica strain WPAGA1. The sequence alignment suggested 60% identity of this
sequence with the verified B-1,4-xylanase from Clostridium saccharobutylicum (ID: P17137).
Then, we constructed the recombinant plasmid and transformed it into the host cells for
expression. After purifying the enzyme by nickel column, we examined the enzyme properties.
[Results] The full-length B-1,4-xylanase (Xyl4513) had two conserved domains: a catalytic
module belonging to the glycoside hydrolase family 11 (Xy14513-T) and a carbohydrate-binding
module (CBM) belonging to family 60 (CBM4513). This was a rare phenomenon that the GH11
xylanase contained CBM. The purified Xyl4513 showed the highest activity at 30 °C and pH 3.0,
being a psychrophilic and acidophilic -1,4-xylanase. The truncated B-1,4-xylanase (Xy14513-T)
demonstrated the highest activity at 20 °C and pH 4.0 and the catalytic efficiency (kca/Km) 20%
lower than that of Xyl4513, indicating the positive effects of CBM on the stability and catalytic
performance of B-1,4-xylanase. In addition, Ca’", Mg®", and Ni*" improved the catalytic
activities, and Ca”" showed the best performance. Only in the presence of Ca®", CBM4513 had
the specific binding ability to B-1,4-xylan, demonstrating a Ca’’-dependent CBM, and the
maximum binding amount was 9.13 umol/g. [Conclusion] We obtained a novel psychrophilic
and acidophilic B-1,4-xylanase with a Ca*"-dependent CBM, which enriched the related gene and
protein resources. The findings of this study will provide valuable information for exploring the
stability, catalytic mechanism, and engineering of xylanases and CBMs.

Keywords: xylanase; Ca’"-dependent carbohydrate-binding module (CBM); psychrophilic and
acidophilic enzyme; xylooligosaccharide
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T - T A A SR AR it LA B A T iV w5 R i
TR R A ARG . M2, AT T IIRg
B A SRR IR B R VS L W TR K SR bE T
FRIFFE AR X 5B,
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(glycoside hydrolase, GH) 10 1 11 &, i
Z GH K, KREWEMGWOA KIS WA G5
B (carbohydrate-binding module, CBM), ‘EfgHH
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B, EYAEEHFR O #Ha®, EA
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(http://www.cazy.org/Carbohydrate-Binding-Modu
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WK AR R4S & CBMP, Z5550F, GH10
RV R A SR I 5 e T R A B8 TR AR SR
() CBM (—fit/8 F CBM 2. 4. 6. 13. 15122
FWOU . T GHIL SR A S 1 25 4 T A
B, ARSI, A CBM TS BLAE
UL (U >k I8 F  Paenibacillus campinasensis ]
GHI11 Z A RNl XynNTU £ 75 A AL AR HL S
6 ZIKi CBM)!', ST CBM 7 AT
PR IS Ve T R S AR, A A A Ak
AR CBM MRSk, KIS
CBM 3 Il GH11 ARR¥EMG, HB0E 5
RE S R 4T T 35 IR T Dictyoglomus
thermophilum ) GH11 AR Wil F CBM 9 gl &
J5 BT AR A ARTE pH>9.0, HRE R 90 °C Hh
TR T 45 kT I, CBM fER
o3 Tt Bl Oy v EL S I . R, S
$ 0 K BT B N v N TR A SR Ik N LA 1 Y
CBM REF & HHAME AT, JIWF5E CBM Fl
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KA K AKT B (Flammeovirga pacifica) ™ & PR
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PR 3 R A AT BRI A AE A D REZE LI CBM,

AL A B S TR A R, KRBT
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B-1,4- K ZEWER(Uniprot ID 5: P17137, KIET
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60% [ A 3R B B ¥ 51 (NCBI #4045 % 1D 5.
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B (fr 4 K. CBM4513), IR % & 5T
NI L Gm s LA

F 75 M 4 ME R AR D RHECAT BRA WA BT 4
W F 5 3E 00 g B Xyl4513 . Xyl4513-T #l
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Xyl4513-TF1 CBM4513 3R] pET-22b(+), f)m
Wiz TR T A e W R I (Escherichia coli)
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1.2 EHEBERAFSTRIE

W18 A RIBBIRM KB E A S A
NHEBERMN LB IIAIE TR, $2IK 37 °C.
200 r/min £53% 9-12 h. 5%k = S HERREE % PR
T R RANAIAEIUAN i (terrific broth, TB)R;##
Ferp ) 37 °C. 200 r/min ¥53% 3-4 h; MEK
ODgon 25 0.5-0.6 I JAE LS F -1 6
fR-B-D-2F FLBH T (isopropyl-1 thio-B-D-galactoside,
IPTG) W, 7E 20 °C. 160 r/min K537 20 h Fi5%
SRk,
1.3 HEEASBHEURKENE

B2k 5 BT 4 000 r/min B> 20 min;
3 B3, A Tris-HCL (pH 7.0)22 iR 5],
4 °C. 10 000 r/min EL.OUERTTTE ; HRIAYS
Tris-HCI (pH 7.0)2% mfifi#% 1:20 (AR G, =
BRARE, AR, WS &M T2 300 W
TAE2 s, 150 4 s, A REL 150-200 1K, 4
WEHENT 4 °C. 12 000 r/min %.0> 20 min, i E]
SRR, FH 0.45 pm E R 8 S5 2R A alifk
T M4 ] SDS-PAGE #iiA, {#i ] GIS-2008 %
W LR R G AR . F 25 W 5 vk R
el
1.4 AREEEBEZMRNE

R SRR Tl 0 A - 3 i A SR OK A R
(DNS) {8 32 I 52 K f 7= 4 & = U7, 2
DAARKE AR UE . — AW 7 507 (U) & SR FE
1 min WM B-1,4-AKREHE™2E 1 pmol i S5 A FIr
PIEE TR, TS ) O B2 S 2R 11 BT 3 G )
{7 (U/mg).s

FOE RN E . ¥ B-1.4-KRBHHEES 1%1)E
Yo BIfE 10, 20, 25, 30, 40, 45, 50, 55,
60, 70 °Co&MF RN, MEREE ), & i
154 100%, TS AOAHXT RS o

i pH ME . M B FEAN[A] pH Y22 vhil
(Na;HPO,- PR ZZ 1 : pH 3.0-8.0, & 1%

B-1,4- AR RMEE WG T1, & I =BG J1 0
100%, FHA3 LA 5% 14 T R0 A X i o

T EE AR PRI A - A B AEAS RIS R (30,
35. 40, 45, 50 °O)/rHEE 5. 10, 15, 20,
25 min, DIWIGREERG T8 100%, THEHAD &1
AT B

pH FE e . BEEAN pH K0T
(3. 4. 5, 6)rHIMFE 025, 0.75. 1.75. 3.75h
M 7.75 h, DIWIGREGE 1o 100%, 15 HAM %
AR B

& B BT AR R N T2 m . Dl
TS E TG 7 oA R g T A A
4 10 mmol/L &)@ FHE F(Na", K", Zn*" .
Mn*". Ba®", Mg*". Ni*", Cu’". Ca**. Co*".
Fe’ YHBEE J1, 15 AR B

K ECH B E - Bl B 1-10 mg/mL 119
B-L4-REWE(FHFE I TAHBRAR, HAHE
KV, e B SO 2544 F Oz 30 min, 52
BTG S, FIFKR AR Ko Al Vi (L, 101
E B I ko (L
1.5 CBM4513 [R5 & 45N E

1] 2 mL B0 A 500 pl %2R 10 mg/mL
AWM B-1,4- AR FME (B— & B I AR BB A
R PR E R R 10 min, AJE
12 000 t/min Z.0> 5 min, ULTEBRIMAEHEA R
WM, FINA 500 pL CBM4513 ¥k, # i
ME 1 h, 85 4°C. 12 000 r/min 250> 5 min [
EARGEEZHE, e FERPREAWRE ., Xt
PO HAD S AN S, O CBMA4513 B4 il 2 1
T HEF(BSA),

CBM4513 WIS Y e etk i ik 5
B-1,4- AR B-1,3- K SO AL A 220,
PIHfE CBM4513 2545 5k

48 BT CBMA4513 455 e s . |
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A F 5 AN A 428 B F(20 mmol/L Ca®*, Na',
Mg fl K, DLEHIRYIMHR & 4 i B T s
AR A X R

Ca® #e X CBMA4513 4545 R 100520 i)
ERER P BIINARFEHKEEO, 5. 10, 20,
30, 40. 50, 100, 200 mmol/L) CaCl,, % 1 h,
A5 RED .

o B-1,4- K BBEMSERE R Yk : N T HEE
BTt T f# CBM4S13 FIRPI S &, 47T T sk
A& 1% B-1,4-K M 20 mmol/L Ca*'ff) 12%
RNIRTE R YK . Ik TAESMEN 100 V
Ml 4°C, WA 2h, L BSA ABATEXTHE

CBM4513 W B # B0l 2 : 78 20 mmol/L
Ca' fFTE T, KM EWE M CBM4513 HH
(100-500 mg/mL)Z N E S NiAR R . AR
()T 5 %L

[pC]=[pC],,, [P]/ Ky +[P]) (1)

Hor, Ky (U R) 2 Vi e 5, [P2
W RS A B AV B (umol/L),  [PCTHI
[PCluax (B IREETE B-1,4-A RME) 73 B 45 5 26
IV B A K& S B i

A B
kDa M 1 kDa M
75 75 _.
50 — W
50— ..
37 — -
37— ..
35— . 20 —
20— .
15 — .
15—

1 ZFHZEH SDS-PAGE IiF
Figure 1

R SE S E R 3 IR,
2 ZRE5#b

2.1 FHEBEWRERGAWK

SEREN) B-1,4- KRB (Ar 40 : Xyl4513)
2 M, SRR,
P& T GH1l FKiGE(fns R : Xyld513-T), %
AR C o EERL CBM By 45 M I (fr 44
CBM4513), N THUE C A i &5 M Il & 7/
CBM, ##ET 2 MMM RARR(Xyl4513-T Fl
CBM4513) . ¥ & Xyl4513 . Xyl4513-T Al
CBM4513 3L pET 22b(H) & ARHAL B K AT 5
BL21(DE3)ilff73kik, FF4r5I#AES 0.1 mmol/L
IPTG WS FR IR . SR mRE . B0 SR
FESERZ TS B 4ifb i Xyl4513, Xyl4513-T Al
CBM4513, SDS-PAGE #Z53E 1 Frs, HE
AL, FEAF5r 00 33, 24 A1 11 kDa MFfiE
LT B3R 3 TR gy, HoarFa S5
ProtParam (http://web.expasy.org/protparam/) i1 5
HEYAH R S (E 3316, 24.25 Al 10.96 kDa %
i, UEM B 3 ASHERE AR 4L,
JEYIRTF 96%, Tl TG L2 56 iF % .

C
2 kDa M 3

75— ..

50— .

37— -

25— -

e <24kDa 20— W
15— . & - !ikDa

SDS-PAGE analysis of the purified recombinant proteins. A: Xyl4513. B: Xyl4513-T. C: CBM4513.

M: Molecular mass markers; Lane 1: Xyl4513; Lane 2: Xyl4513-T; Lane 3: CBM4513.

<l actamicro@im.ac.cn, 010-64807516



AR | AR, 2023, 63(8)

3257

2.2 SEEMEIE B-1,4-KNBHEEBAEEF MR
s

ME T ARG (Xyl4513 Fl Xyl4513-T)AY
Icds OV RE, dRWE 2 Fin. HhE 2A 1]
W, Xyld513 FHadE R 30 °C, R T 45 °C
Je, BB TR BRI, 10 B 57 A Y R SR OHE il
Xyld513 XFAFEME . AR E B, B
BB T 74028, ERIEHETE 30 °CAf, A
FLA IR T W 7 v T 7E 8 A AR E FRE 1Y
BEFR ARG AEE, BT, REHEE Xyl4513
)@ A ER . BHRT, X TR R R Y
WRAZ, HRTHGE 1) — L mg 8 R bl K 2
J&F GH10 Zji>"2 . GHS %P, HIEAR
MR CBM. L, %R & BAT DLt —
BEEARRERNTIEE. B 2B A,
Xyl4513-T BYsRI& i BEA R 20 °C, H AR
F 30 cCZJm, HIG B TR, MR
B-1,4- KR WEREE, BT CBM Z5#ik 2z )5 i)
Xyl4513-T e E 2, XMALELT
CBM HYARRBERF AT R, 40 AL 222K Bl

A
110
100
90
80
70
60
50+
40
30
20
10

Relative activity (%)

T/°C

2 REX B-1,4-KRIEESEE RN

/I CBM22 ZJ5 Y GH10 ZIGEA R Xyn10C
BRI RBE 1 80 °C7E 2y 60 °C, 1fif CBM X 55 il
PR E A B A B T AR DA AT B EsE P
XN E LT SE R B-1,4- R AN C-3il 7
F AT BE 2 CBM.

WE T 5 Wdsid )W pH, S5 RanEl 3 fr
o ATLAKRBL 2 PG IE 1 A8 1k f B SE A A
i), TEMRME S5 T BE 1 s, (H340E pH F+ &
WA, Xyl4513 Fil Xyl4513-T i S0
pH 735124 3.0 1 4.0, {HRETH pH B L 3 Fl
Vi o A TRWE G I W8 TR Ae E A R A sh P e kL
A TE MR, e R ARSI iE AL IE 1Y
BRI PR S rh AR R ES M A RE T BE S 55 1) R
AR, A, 7E pH 2.5-3.0 il pH
4.0-8.0 M, SEEEH B-1,4-ARBMHEHXyl4513)
RIS S T B-1,4- KR BRBHEF(Xyl4513-T),
ARRIAYZE SRl B IAE R B Clostridium josui AR
Wi Xyn10A, 7E235 CBM22 Z )5, HipHH 6.0
A5 8.01, Xt N TETSEH SE 2L 1Y B-1,4- KMk
fitgH C-3ii Al gt & CBM.,

jos]

110
100
90
80
70 +
60
50
40
30
20
10 +

Relative activity (%)

10 20 30 40 50 60 70
7/°C

Figure 2 Effects of temperature on the activities of p-1,4-xylanase. A: Xyl4513. B: Xyl4513-T. Error bars:

The standard deviation of triplicate assays.
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50 F
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10|

T

Relative activity (%)

0
2.0 3.0 4.0 50 6.0 7.0 8.0
pH

3 pH Xt p-1,4-RBHEEEERIE VST

B

110
100
90 +
80
70 -
60
50
40
30

Relative activity (%)

10 -

2.0 3.0 4.0 5.0 6.0 7.0 8.0

Figure 3  Effects of pH on the activities of B-1,4-xylanase. A: Xyl4513. B: Xyl4513-T Error bars. The standard

deviation of triplicate assays.

WE T HmAEs, 4R mE 4 pr
No FTLUE Y, EARTRDE R0 & — B ) i) 1o
R, B-1,4- A SROH T 1) T T35 7 Bl Fsf [0 4iE - 28 3457
FEAR, (HSEHEI B-1,4- AR SRMERGE J1 10 T R adi
FL#R g, Biln: 7€ 30 °C ¥ E 25 min
J&, Xyl4513 Fl Xyl4513-T 43 SR B T Wl HA B
) 92%F1 72%; 1£ 40 °CRIH 1 h 5, &4
SRR T RIS 1 83%F0 58%, X KM C fff“ﬁ
5 KLY S5 1) R AR T A SR T 1 AR

Relative activity (%)

50 L 1 1 1 1

t/min

4 REX B-1,4-KREBFERE RIS

0,5 2Z FTHGE 9 CBM 25 M B AR P45 22
RIS R, WRE T AR pH RRElE, 45
AN s s, ATLIEH, Xyl4513 78 pH A 3.0
4.0 MR TPIEE 775 h )5, R 80%

VA RR0 a s , Ui B-1,4- AR R MH B AERR L
W BA B R e . & T 1 Rl

[B] FA) 2R TR AR, (HLSE 38 B-1,4- K MHBEIG
FIF RN, [FAREB C Smas i it B-1,4-AK
WEEE pH £2 e TEA T B .

B

100 &
90
80

70

Relative activity (%)

60

Figure 4 The influences of temperature on the stability of B-1,4-xylanase. A: Xyl4513. B: Xyl4513-T. Error

bars: The standard deviation of triplicate assays.
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A r
S
2
i
2 )
g = |
S 60 - —-—pH 3.0 ‘
S —~pH 4.0
& sl ~pHS.0
—~pH 6.0
40 1 1 1 1 1 1 1 L
0 1 2 3 4 5 6 T 8

5 pHXf B-1,4-KREBHEREERIF M

ov}

1005
90 |- s
80
70 |

60

Relative activity (%)

5oL —pHS.0 T
—pH 6.0

4 0 L L 1 L L 1 L I
0

Figure 5 The influences of pH on the stability of B-1,4-xylanase. A: Xyl4513. B: Xyl4513-T. Error bars: The

standard deviation of triplicate assays.

e T 428 21X TG TR sem, 45 5%
WMFE PR, BT Na'fil Ba®", HiAth4:)m s +xt
Xyl4513 A1 Xyl4513-T [5G 500 At H AR —
., Mn®", Cu®", Zn*". Co™Fl Fe’ Xf Xyl4513
M Xyl4513-T FE X6 Bom g silfE -, A
XF 1% ER R E 65% VAR, Hd L Co*
(45.75% . 39.28%) 4 il /£ F e 3k ; 1 Ca®* .
Mg™ Fl Ni'#BXT B-1,4- A< RO ) il 136 0 A7 55k
PESEVERT, 35 A A SROME il UL B i B 4
AR,

W T =5 0 N ) )12 S8, 4
HIF3 2, ATLIES], Xyl4513-T ) K, {HEL
Xyl4513 B, FB Xyld513-T X e i 6 )
A PTREAG . X T AR (kea/ Ki) , Xyl4513-T
Fb Xyld513 ik 20%, & Zp2ERREEE
K- (P<0.05), R B-1,4- K 5 b il
(Xyl4513-T)IHEA SR B E FEAK . X BEW] C-diiy
S F AR PH B = AL AR, X IE & CBM
FOE BRI F3R 2 Fh Xyl4513 Fil Xyl4513-T
TEAEALYERE 7 T 1 22 B3R C-um&b i AR A

nTRESE CBM. [Hitt, # PRI H—LH
PSSR

#1 TREBEETX XYL4513 F1 XYL4513-T B
Cpal: Al

Table 1 The influences of metal ions on the activity
of the Xyl4513 and Xyl4513-T

Metal ion Relative activity (%)

Xyl4513 Xyl4513-T
Control 100.00 100.00
K" 93.17+0.60 81.90+1.93
Zn** 62.56+1.98 51.70+0.36
Mn** 61.3242.51 48.44+0.66
Ba** 90.02+3.53 110.10+2.10
Mg 122.99+5.18 151.25+1.76
Cu** 53.76+2.77 51.91+0.36
Ca** 121.02+3.61 159.88+2.10
Co** 45.75+3.88 39.28+0.96
Ni? 110.77+3.61 118.57+2.46
Fe*' 52.45+1.81 43.07+2.85
Na* 88.31+2.34 102.84+2.10
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2 XYL4513 1 XYL4513-T HIh hEEH
Table 2 Kinetic parameters of the Xyl4513 and
Xyl4513-T

Xylanases K, (mg/mL) ke (s7) keat! Kin
Xyl4513 2.99+0.79 45.76+4.24 15.31£1.42
Xyl4513-T 3.05+0.14 38.24+0.04* 12.54+0.02*

* means the differences between them are significant
(P<0.05).

23 STE B-14-KEBHEM C-imsEMiEgrIh
RELSE
KT UESESEHE B-1,4- KRG C-simsb i
HZhfE, 4k CBM4513 & 37 T F 41
WHE TZEASAFIEDSESEN, 458
R 3 iR, ATLAEH, CBM4513 & F1X)
B-1,4-ARIEME, B-1,3- /K M I b A 22 M 1 A 45

&3 CBM4513 5RAMKRMNGSE
Table 3 CBM4513 binding to insoluble substrates

A (I FE A TR, B4 B #
S3HF CBM4513 JEHIRHENH)E T CBM 60 %
W, ATREHA Ca' IKBiMIEMLs AReS. H
I, # 20 mmol/L () Ca® IRINFNLE & RS,

ZER R 1E Ca”fRAERITE LR, CBM4513 &
PR BE R 28 pumol/L)5 B-1,4- A FM B A 45
HREST, B-LA-REMEATULRTZY 27.5% (Liwihh
EHRWERNE S H)K CBM4513 EH, H
B-13-REMERMA ZHIAANGE S Z 456 . 1
Sk, FE Na" KHl Mg FE1ERT, CBM4513 FE
ARES B-LA-KREWELG . kel W, CBM4513
BEEAWA T REE—FI TR 2 S B-1.4- R ER M
[ Ca”" Al CBM, ‘EANREZE S B-1,3-KRFHH,

JEH T CBM W45 &R A (U T Bl
B, EATIZ R R R R

Substrate CBM binding (% of initial concentration)

BSA CBM CBM+Ca* CBM+Na" CBM+Mg* CBM+K*
B-1,4-xylan 98.95+0.13 97.67+1.19 72.49+0.34 99.81+0.27 99.15+0.67 98.20+0.13
B-1,3-xylan 99.24+0.54 99.71+0.55 99.81+0.41 ND ND ND
Lichenin 99.52+0.40 99.24+0.54 99.53+1.21 ND ND ND

The results given (means+S.D.) are the residual protein concentrations as percentages of the initial protein concentration. ND: No

data available.

3R B-1,4- AR SROWH (1) 55 FNE e L Yk it —
HAFSE T CBMA4513 MMKHE Ca® 455 R Ak
J1. MWE 6 ATLIFEH, CBM4513 eI &4
B-14-KEHEA Ca™ MIBEICHPEAEIR , HaT AR
H}0.77, MAEAL A B-1,4- A BRI A G0 HAts
AT JoT (58 e Hh Y R B 3 L VK AE R, A
R 0.87 (Bl 6A. 6B), M7TE FRFMAT,
A I AR 11 A I i B B BE B AR B ek
AR R AE RS B F 14 5 RNBE I UK AT B R AR
ik, XWIFR T CBM4513 HA 45 8 Tl iy
B-1.4-KREHMELE S HET
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6 CBM4513 §93F3E MR AR AR B ik

Figure 6 Affinity gel electrophoresis of CBM4513. A:
Control (without B-1,4-xylan and Ca*"). B: With
xylan (no Ca2+). C: With xylan and Ca®’. Lane 1, 3,
and 5: BSA; Lane 2, 4, and 6: CBM4513.
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F B F) Ca> X CBM4513 454 RE 1778 X
TEH, WF98 T Ca’ WXt CBM4513 (&R N
28 pumol/L)5 B-14-KIEMELE G, 45580
B 7 fiR. MAFELE Ca¥'Bf, CBM4513 454
REJ1, A Ca'fFfERITEIL T, CBM4513 5%
P B-1,4- KR RAEAIZE A e I E—ETEFIN S Ca™
MM EERE G, TS ZS AR i mgom, 4
Ca® ¥k A F] 20 mmol/L i, CBM4513 (145
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Figure 7 Effects of Ca’" on adsorption. Error bars:
The standard deviation of triplicate assays.
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ZET CBMA4513 ¥R F R (BRI
B SRR AR E ), 25
AN 8 Bk . 7E 20 mmol/L Ca> f74E F, {18
P CBMA4513 ¥k B2 0y 3G hnom B ik . 4
CBM4513 ¥ 4 5 pmol/L i, {3-F Khewm,
ik 67.2% (B 8A), ¥RJE M 15 pmol/L i, fRE %
LR 50%. [RIEF, DE T LOREYE B-1,4-KRBHE
A CBMA4513 (1 & 5, 4niEl 8B R,
FLZE A i S 2 T B Ak S o B 5 IS vk
ARUEIEL I . ARAETHE, H K fE9 2.81 pmol/L,
e K5 G B [PCluw NEE W B-1,4- KR WL A
9.13 umol CBM4513. 5 Rhodothermus marinus
HR BB CBM A E (Ky fE AP Cimax 575
k1 0.74 1 16.00 pmol™), CBM4513 5 B-1,4-&
RO A R R B0 (K e K 25 A e ([PClman) 5 2
fAfE—E 2200, SFEPRIEMFER LSS 1,3-KK
WY CBM3088 # Lt (Ky H Al [PCluax 73 51 A
17.88 pmol F1 9.65 pmol™), —H I KEEEHE
3, {H CBMA4513 BN #5808 & /N TR,
W] CBM4513 XY AT R Mae ), HAA
— E P HE A S BRI (E
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Figure 8 Effects of protein concentration on retention rate (A) and double-reciprocal plot of CBM binding to
B-1,4-xylan (B). Error bars: The standard deviation of triplicate assays.
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AR ATTIUE T —AEF GHI1 Kk
BRI VTR B-1,4- R RIHEH(Xyl4513), HimE
JEEE N 30 °C, fcidE pH oM 3.0, HONFEILHRE,
oA — A A SRS B AR 1) R S 1
A LA-AKRBEE CBM (J& T CBMs 5 60 ZJ%).
AR (Xy14513-T) sk e oy it 2 AN A 20 °C
Hif pH 4 4.0, X Vi8] CBM X241 i HAg —
SERFEIR . WA IR Ca®r . Mg™ . Ni*" ¥yt
TSGR A IR, OF B Ca¥ W E SR
W1, 20 mmol/L Ca> REMS A A HERR K AL A9
ZEA L (CBM4513) 5 B-1,4- K MR 2 M 2
&, BREEHN 9.13 umol/g, AFFELERA
RS T GHI1 ZKEARBERF CBM 4 60 %K
T R DRURITER, P9 TR, o0 AR SR ) A Bl
KB IR T 2%, AR R T EAIRE |
TRt A5 IF T e PR T RAF IS AR,
JERT CBM KRS B 1 1,4- KR BHEL A RE I
Sy FHLEIBEE T 3R, A RS IE7E AR WIR A
P

SEH

[1] BIELY P, SINGH S, PUCHART V. Towards enzymatic
breakdown of complex plant xylan structures: state of the
art[J]. Biotechnology Advances, 2016, 34(7): 1260-1274.

[2] YAN F, TIAN SQ, DU K, XUE XA, GAO P, CHEN ZC.
Preparation and

nutritional properties of

xylooligosaccharide from agricultural and forestry
byproducts: a comprehensive review[J]. Frontiers in
Nutrition, 2022, 9: 977548.

[3] HAN ZG, SHANG-GUAN F, YANG JK. Characterization
of a novel cold-active xylanase from Luteimonas
species[J]. World Journal
Biotechnology, 2018, 34(8): 123.

[4] KUMAR V, MARIN-NAVARRO J, SHUKLA P.

Thermostable microbial xylanases for pulp and paper

of Microbiology and

industries: trends, applications and further perspectives[J].

World Journal of Microbiology and Biotechnology, 2016,

<l actamicro@im.ac.cn, & 010-64807516

[10]

[11]

[12]

32(2): 34.

LIU XS, HUANG ZQ, ZHANG XN, SHAO ZZ, LIU ZD.
Cloning, expression and characterization of a novel
cold-active and halophilic xylanase from Zunongwangia
profundalJ]. Extremophiles, 2014, 18(2): 441-450.
SHENG P, L1 YS, MARSHALL SDG, ZHANG HY. High
genetic diversity of microbial cellulase and hemicellulase
genes in the hindgut of Holotrichia parallela larvae[J].
International Journal of Molecular Sciences, 2015, 16(7):
16545-16559.

FOROOZANDEH SHAHRAKI M, FARHADYAR K,
KAVOUSI K, AZARABAD MH, BOROOMAND A,
ARIAEENEJAD S, HOSSEINI SALEKDEH G A
generalized machine-learning aided method for targeted

identification of industrial enzymes from metagenome: a

xylanase temperature dependence case study[J].
Biotechnology and Bioengineering, 2021, 118(2):
759-769.

ARMENTA S, MORENO-MENDIETA S, SANCHEZ-
CUAPIO Z, SANCHEZ S, RODRIGUEZ-SANOIJA R.
Advances in molecular engineering of carbohydrate-
binding modules[J]. Proteins, 2017, 85(9): 1602-1617.
JAMAL-TALABANI S, BORASTON AB,
TURKENBURG JP, TARBOURIECH N, DUCROS
VMA, DAVIES GIJ. Ab initio structure determination and
functional characterization of CBM36: a new family of
calcium-dependent carbohydrate binding modules[J].
Structure (London, 1993), 2004, 12(7):
1177-1187.

WU XY, SHI ZL, TIAN WY, LIU MY, HUANG SX, LTU
XL, YIN H, WANG LS. A thermostable and
CBM2-linked GH10 xylanase from Thermobifida fusca
for paper bleaching[J]. Frontiers in Bioengineering and
Biotechnology, 2022, 10: 939550.

WANG L, WANG Y, CHANG S, GAO Z, MA J, WU B,
HE B, WEI P. Identification and characterization of a
GH11
campinasensis NTU-11 and the distinct roles of its

England:

thermostable xylanase from Paenibacillus
carbohydrate-binding domain and linker sequence[J].
Colloids and Surfaces B: Biointerfaces, 2022, 209:
112167.

PINHEIRO MP, REIS RAG, DUPREE P, WARD RI.
Plant cell wall architecture guided design of CBM3-GH11
chimeras with enhanced xylanase activity using a tandem
repeat left-handed B-3-prism scaffold[J]. Computational
and Structural 2021, 19:

1108-1118.

Biotechnology Journal,



BEARSE | UEW 2, 2023, 63(8)

3263

[13]

[14]

[16]

[17]

(18]

[19]

[21]

TALENS-PERALES D, SANCHEZ-TORRES P,
MARIN-NAVARRO J, POLAINA J. In silico screening
and experimental analysis of family GH11 xylanases for
applications under conditions of alkaline pH and high
temperature[J]. Biotechnology for Biofuels, 2020, 13(1):
198.

LIU T, YI ZW, ZENG RY, JIANG W, ZHANG G. The
first characterization of a Ca*"-dependent
carbohydrate-binding module of p-1,3-xylanase from
Flammeovirga pacifica[J]. Enzyme and Microbial
Technology, 2019, 131: 109418.

XU H, FU YY, YANG N, DING ZX, LAI QL, ZENG RY.
Flammeovirga pacifica sp. nov., isolated from deep-sea
sediment[J]. International Journal of Systematic and
Evolutionary Microbiology, 2012, 62(Pt_4): 937-941.
BRADFORD MM. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding[J].
Biochemistry, 1976, 72(1/2): 248-254.
MILLER GL. Use of dinitrosalicylic acid reagent for
determination of reducing sugar[J]. Analytical Chemistry,
1959, 31(3): 426-428.

PUCCI F, ROOMAN M. Physical and molecular bases of
protein thermal stability and cold adaptation[J]. Current
Opinion in Structural Biology, 2017, 42: 117-128.

KIM DY, KIM J, LEE YM, LEE JS, SHIN DH, KU BH,
SON KH, PARK HY. Identification and characterization
cold-adapted
D-xylose-releasing endo-B-1,4-xylanase from an Antarctic
PAMC  27433[J].

Analytical

of a novel, D-xylobiose-  and
soil bacterium, Duganella sp.
Biomolecules, 2021, 11(5): 680.
HE JL, LIU L, LIU XY, TANG K. Isolation and
characterization of a novel cold-active, halotolerant
endoxylanase from Echinicola rosea sp. nov. JL3085T[J].
Marine Drugs, 2020, 18(5): 245.

LI X, ZHANG L, JIANG ZT, LIU L, WANG JH,
ZHONG LL, YANG T, ZHOU Q, DONG WL, ZHOU J,
YE XF, LI ZK, HUANG Y, CUI ZL. A novel cold-active
GHS8 xylanase from cellulolytic myxobacterium and its

application in food industry[J]. Food Chemistry, 2022,

[23]

[25]

[26]

393: 133463.

ALI E, ZHAO GS, SAKKA M, KIMURA T, OHMIYA K,
SAKKA K. Functions of family-22 carbohydrate-binding
thermocellum  Xyn10C[J].
and Biochemistry, 2005,

module in Clostridium
Bioscience, Biotechnology,
69(1): 160-165.

CHEN XL, ZHAO F, YUE YS, ZHANG XY, ZHANG
YZ, LI PY. A new group of modular xylanases in
glycoside hydrolase family 8 from marine bacteria[J].
Applied and Environmental Microbiology, 2018, 84(23):
e01785-18.

HONG JS, LEE JW, PETTERSSON D, WOYENGO TA.
Nutritive value of enzyme-supplemented carinata meal for
growing pigs[J]. Translational Animal Science, 2019, 3(4):
1359-1368.

ALI E, ARAKI R, ZHAO GS, SAKKA M, KARITA S,
KIMURA T, SAKKA K. Functions of family-22
carbohydrate-binding modules in Clostridium josui
Xynl0A[J]. Bioscience, Biotechnology, and Biochemistry,
2005, 69(12): 2389-2394.

ESCUDER-RODRIGUEZ JJ, GONZALEZ-SUAREZ M,
DECASTRO ME, SAAVEDRA-BOUZA A, BECERRA
M, GONZALEZ-SISO MI. Characterization of a novel
GHS

in Escherichia

thermophilic =~ metagenomic endoglucanase

heterologously expressed coli and
Saccharomyces cerevisiae[J]. Biotechnology for Biofuels
and Bioproducts, 2022, 15(1): 76.

TEO SC, LIEW KJ, SHAMSIR MS, CHONG CS,
BRUCE NC, CHAN KG, GOH KM. Characterizing a
GH10

strain RA and its

from  Roseithermus
CBM-truncated
variant[J]. International Journal of Molecular Sciences,
2019, 20(9): 2284.

ABOU HACHEM M, NORDBERG KARLSSON E,
BARTONEK-ROXA E, RAGHOTHAMA S, SIMPSON
PJ, GILBERT HJ, WILLIAMSON MP, HOLST O.
Carbohydrate-binding modules from a thermostable

halo-tolerant xylanase

sacchariphilus

Rhodothermus marinus xylanase: cloning, expression and
binding studies[J]. The Biochemical Journal, 2000, 345(Pt
1): 53-60.

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



