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E T B-ANEH B XIn-DT 7T £ & 69 £ 4 R AL &, & 161,202 F= 231 4% & 4 4 3 5] A HIS/
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Activity of S—Xylosidase XIn-DT Improved by Site—Directed Mutagenesis

LI Qi, TONG Xinyi, JIANG Yunpeng, JIANG Yujie, LI Dongdong, ZHAO Linguo”
(1. Co-Innovation Center for Sustainable Forestry in Southern China, Nanjing 210037, China; 2. College of
Chemical Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: A B-xylosidase XIn-DT has been cloned and heterologously expressed from the
thermophilic bacterium Dictyoglomus thermophilum in the previous studies. A mutant of 8-xylosidase
XIn-DT with high enzyme activity and excellent enzymatic properties was obtained, in order to
improve its vital application value in bio-fuel, food and medicine industries. The key amino acid
mutation sites of B-xylosidase XIn-DT were obtained through bioinformatics methods to improve the
specific enzyme activity. Amino acids HIS/LEU, PHE/LEU and TRP were introduced at sites 161,
202 and 231, respectively, and the constructed mutant enzymes XIn-DT-202PHE and
XIn-DT-202LEU obtained significantly increased B-xylosidase activity. In addition, the enzymatic
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properties before and after the mutation were analyzed and compared. The expressed enzyme
activities of XIn-DT-202PHE and XIn-DT-202LEU were 3.28 and 2.97 times higher than that of
XIn-DT, respectively, while their specific activities were 2.86 and 2.54 times higher than that of
XIn-DT, respectively. The optimal pH of mutant enzyme XIn-DT-202PHE and XIn-DT-202LEU
decreased significantly from pH 6.0 to pH 4.5 and pH 5.0, respectively. The enzyme activity of
XIn-DT-202LEU remained unchanged when incubated at 75 “C for 2 h, which indicated significantly
improved thermal stability compared with that of XIn-DT under 75 C . XIn-DT-202PHE and
XIn-DT-202LEU could maintain more than 80% of the residual enzyme activity in the range of pH
4.0~7.0 after 24 h incubation. The mutant enzyme not only significantly improved the enzyme
activity, but also greatly improved its thermal stability, laying a foundation for its wide application in
food thermal processing and other fields.

Keywords: -xylosidase, molecular biology, site-directed mutagenesis, enzyme activity, thermal

stability
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Ui Rl TR IR T IR AT A 4R 4E R 45 G 4 CBD, i
M ) i B A M P 2 R

M T/ D. thermophilum A5 ) B— A BE T
ity XIn—DTUWE R A B b i 20k i BOAIG, B
AT 45 A AL 23 0 B A T Bl e T B-ARHE
T XIn-DT 7] 58 1 s . IS 1) PCR FEARY
oA BN | b A A SRR BRI A S A I, O
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Fig. 1 Schematic diagram of mutation energy calculation
for protein affinity change
1.8 XWHZE
1.8.1 & ERE5 st FIREBEE EYE
Bt o 5 RS T B, MU B-ARKETTY I Xn-
DT H) & B AL, Bt RN &, LAvE I E
D. thermophilum DSM 3960 ) GH39 Z % ) B—A Mk
T REIE D Y 8 aln—DT AR, Bt A il U107 A
W51, A 58 A8 6 (R IE R 1) R 25 SR 1 TR )
H, W3R 1, FIHIR ] PCR AR KGR 751,
x1 EARETSIMR

Table 1 Nucleotide sequences of used primers

SR

MR 751 (5'-3")

GLU161LEU F1:CTCCCCAATTTAACCGTATTTTGGA
RI:ATTCCAAATCTCAAAAGGCCATTGAGTAACC

GLUIGIHIS F2:CATCCCAATTTAACCGTATTTTGGA
R2:ATTCCAAATCTCAAAAGGCCATTGAGTAACC

PHEIGTALA F3:GCGCTGGAAAGATGCAAATCAGGCAGAATAC
R3:TACGGTTAAATTGGGCTCATTCCAAATCTCAA

CYS202PHE F4:TTCGGTGGATCAGACTATTGGATAACTGATTT
R4:GATTGCAGGTCCTCCAACCTTTATGTTTTC

CYS202LEU F5:CTCGGTGGATCAGACTATTGGATAACTGATTT
R5:GATTGCAGGTCCTCCAACCTTTATGTTTTC

TYR23ITRP F6:TGGACAGGCAAACCTCCTATATATACCCCT
R6:GGCATGTCGAGTTAAAAAGTCTACAGGTAC

T T RIZ AN 5 A M 5 A8 LR B S TS
182 =EXTEBFE HL. THIWHTE
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10.0 pL 5xPS ZZ #h ¥ ,0.5 pL Prime STAR HS DNA
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G AL 2= R IBFF I E.coli Top 10F 837 25 41 Jig
H, BRICERL TR 75 2 A 21 &5 A7 Kana TR LB B3R5
Tk R R SR EUTORL IS R4 T 00 7 48
1.9 RETEMEFENE. 44 K% SDS-PAGE 5317
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it 0% 38, LAAS InOBE e 00 #4308 A 100% , T3
FEARAG A [) AW e 15 5 4 i A A X TS T 0, LA
AFE il 15 (B A 509 R T it 7 (14 A B ¥R B2 RO R K

B 2R B DL pNPX R, W0 B 3 [l Ry
0.01~3.00 mmol/L, 43 5l W %2 4 £k Ji5 ) 2€ 7% g Fn
XIn-DT A BEIE o 2K HISUEI B BE R 5 58 722 il 1
XIn-DT 8 1 ESH(V v, Koy Vi | K)o

| 2 ==sitie

21 REMARIERE

T WA D. thermophilum X i i) XIn-DT
TS5 K R ARHT , BE T PDB FE R B A P ok T
Thermoanaerobacterium saccharolyticum %) GH 39 %
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Fig. 2 Molecular model of XIn-DT

#2 XIn-DT REETE
Table 2 Calculation of XIn—-DT mutation energy (binding)

1 CYS202PHE -5.10 +
2 GLU161HIS —-4.81 +
3 CYS202LEU -4.81 +
4 TYR231TRP -4.35 4
5 GLU161LEU -3.39 +
316 PHE167ALA 5.56 -

W AAG R 5 AR BT IS B9 3 A KN M 5+ R IE %78 - R
R
22 RETGHEAREFRUHHEMRIE

D) 4 635 TR pET-28a—XIn-DT My #5457 | i
it 1) PCR 51 6 AN s i S SE R S 1A, 22300 7 56
UEIT A s 58708 S A 1E A R 28 78 TE B 1Y SR B AL
E.coli B1.21 (DE3) /832 25 41 Jitd , B AL Pk BUFE 1k 1 iF
TiAERRIEIFERRIBGER WK 3, Y GLUI61 R4
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Fig. 3 Enzyme activity after mutation of key site for

enzyme activity improvement

W 4R R B S 9 XIn-DT K 58 78 1K 28 B A 4l 1k
Ja, A K4 R XIn-DT  XIn-DT-202PHE  XIn-
DT-202LEU il XIn-DT-167ALA £ v &5 25 14 | Il
K 4, B alifb )5 i Xin-DT F12 28 1R 4 51 I 72 2 1
JoTJOT o Y R LU T, b, CYS202 €48 B PHE Al
LEU J& , Fe g% 43 5l 48 1 2.86 1 2.54 i, B it ]
1,202 57 a5 Ay TG B2 o 1 DG B B R 07 AL

M 1 2 3 4

180 000
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M: # [ Bt Marker;1:XIn-DT;2:XIn-DT-202PHE;3: XIn -
DT-202LEU ;4 : XIn-DT-167ALA
4 ZHE XIn-DT RRTHEMELREKE
Fig. 4 SDS-PAGE of recombinant protein XIn-DT and
202/167 mutants

23 REFEHBZERFAR

231 RERGRERFEFRE pH  RAKEEM
XIn-DT ) #5cid i8 E WLIE 5(a) , XIn-DT B feid i
H 75 C, RAMK XIn-DT-202PHE Al XIn-DT -
167ALA 119 $5c 3 i B2 4E R A 22 | 1 XIn-DT-202LEU
75 % 80 °C.,
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2R AL PR AN XIn-DT () e i& pH WL 5(b),
XIn-DT-202PHE #l XIn-DT-202LEU A #¢ifi pH
JEUB () 6.0 43 B R B ZE 4.5 1 5.0, 1 XIn-DT -

167ALA W4 5.0,
120
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20r —e— XIn-DT-202LEU
0 1 1 1 1 )
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3
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0
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B 5 202167 REFHEREREMRIE pH
Fig. 5 Optimal temperature and pH values of 202/167

mutants
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Fig. 6 Temperature stability of mutants 202/167

SEAF R FN XIn-DT 119 pH Foe 25 R W IE 7,
ZRAZ & XIn-DT-202PHE  XIn-DT-202LEU #1 XIn-
DT-167ALA 7£ pH i~ 4.0~7.0 /785 [l N A2 e 48
T NS AT N B AEATIRE PR AF 80% LA _E R AH X BTG 7

120

—_
(=3
S

L e
ES — e 2
wE 80
2
= 60
= —+—XIn-DT
40 XIn-DT-167ALA
20 XIn-DT-202PHE
—+— XIn-DT-202LEU
0 1 1 1 1 1 J
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B 7 202/167 REMEE) pH 32 E
Fig. 7 pH stability of 202/167 mutants

233 RERAKGEBEAKK o HFAK Ko
6 J5 1) XIn-DT F1 %8 22 f& XIn-DT-202PHE ,XIn -
DT-202LEU XIn-DT-167ALA 43 51l % 1iif 8% 2 %4
K, M3 5w 8, a5 R L3R 3, Hor 248 1K Xin-
DT-202PHE Al XIn-DT-202LEU # K, {8 % I i
XIn—DT A8 Fb F R 8, 36 B L% pNPX 1 2% i1 g 2
T XS AAG SR —3, Wk 2, R
XIn-DT-202PHE #1 XIn-DT-202LEU % “% J5 AAG
Ry SAAE X BCAR 1 5 A TR R AR JE Y K R R
FAR B RY 3 394 mmol/L K&K 2] 249 mmol/L
1592 mmol/L, {HASE & T O IE B B-AME 1T B
JEIIE GH 3 ZKIG AR B-AWE YRGS, 1 58 48 &
XIn-DT-167ALA 3 J1 % % 20 K,V ZEAEAS K T
BEZREBCK, MR 1023 mmol/L,
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Table 3 Xylose tolerance coefficient and kinetic parameters 202, 315 %A% K XIn-DT-202PHE 1 Xln-DT-
of 202/167 mutants 202LEU
2)5 XIn-DT # It , 22K XIn-DT-202PHE #i
K/ : - . .
i) \ XIn-DT-202LEU {19 f§ 7% 53531 & & 1 3.28 0 2.97
Xln-DT 3394 254 13.58 5.35 %, FUEE o R e T 2.86 Fil 2.54 % K, fH LR
XIn-DT-202PHE 249 178 1192 637 B/, U B € A8 4R XIn-DT-202PHE 1 XIn-DT -
XIn-DT-202LEU 592 141 8.29 5.88 202LEU X pNPX WyEf i m, (HRZFM K &
XIn-DT-167ALA 1023 2.6 12.62 4.93 B i AR

3)5 XIn-DT # Lt , €22 & XIn-DT-202PHE #il
EEE Xin-DT-202LEU (I A8 1% W
TR L, RARK XIn-DT-202LEU (1 i i Fa & 1
VKR T D. thermophilum W) B—AWE 1T i XIn— AR A 5B R pH RE MY A R TR
DT Ry BRI L 3 P AP0 GEAARRIERE e g 173 45 8090 L MIRTIE A1

T4 F- B, & Xin—-DT 0I5 2 5 S 8 A7 25 17F BFFe 45 A B 3w T RS L T B
5, EREHEMT M ) 2 3 ATy C 0 30— 2 i

1) FIH I-TASSER Server T8 £ # {4 %t XIn-DT S PR TS
HATE ARSI, A pNPX 5 XIn-DT 45 1
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