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Site-directed mutagenesis enhances the activity of dextranase
from Arthrobacter oxidans KQ11
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Abstract: Dextranase is an enzyme that specifically hydrolyzes the a-1,6 glucoside bond. In
order to improve the activity of dextranase from Arthrobacter oxidans KQI11, site-directed
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mutagenesis was used to modify the amino acids involved in the “tunnel-like binding site”. A
saturating mutation at position 507 was carried out on this basis. The mutant enzymes A356G,
S357W, W507Y, and W507F with improved enzyme activities and catalytic efficiency were
successfully obtained. Compared with wild type (WT), W507Y showed the specific activity
increasing by 3.00 times, the K.,; value increasing by 3.62 times, the K, value decreasing by
54%, and the catalytic efficiency (K../Ku) increasing by 8.98 times. The three-dimensional
structure analysis showed that the increase of the number of hydrogen bonds and the distance
between “tunnel-like binding sites” were important factors affecting enzyme activity. Compared
with WT, W507Y had a shortened distance from the residues on the other side of the
“tunnel-like binding site”, which made it easier to generate hydrogen binding forces.
Accordingly, the substrate hydrolysis and product efflux were accelerated, which dramatically

increased the enzyme activity and catalytic efficiency.

Keywords: dextranase; site-directed mutagenesis; specific activity; substrate tunnel
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1.1 #R

i JjE B I i Aodex (GenBank % 5% 5 .
KJ571608) 58k & pET-28a Fli-&, i JiH4xmE
BEMPH AR ARG . KBFFE DMT i
BL21(DE3)/&3Z2 A& 40 it A b ot 4 X 4 2k W4
RAWAH, Al HFrpEMER, PCR T
TEM S DNA W7 i R ) B Rk
B WA A AT . AR & A b 4
KEAEWHEARARAFA,

TR RAREE R N B-D-G At i~ FL b
1 (isopropyl-B-D-thiogalactopyranoside, IPTG)
b Ak 2 SRR ERE S 3 B R BT T AR Ak
FHE A BR A F

Luria-Bertani (LB)}% 3% %t (g/L): BEHEIE #y
5.0, BEAM 10.0, F4kiN 10.0,

Terrific Broth (TB)$%3%%E(g/L): BERER K
24.0, BEEFR 12.0, Hih 5.0,
1.2 RTEEIZITFiaE

Aodex (PDB ID: 6NZS) [LA T & Fr Sy B A= #k
(wild type, WT)]I¥) S {A& 4549 7] D PDB $5c4 %
$15 , FH Discovery Studio 3.0"7% Aodex ¥F4T
SYEEERI AT MR T — R AR, fE
B GRS (1 Sty b R R RN S AR A Al P R
T RASAF AT PCR ¥ . PCR B FE
J¥: 94°C2min; 94°C20s, 55°C10s, 72°C
3s, 25 MEFR; 72°C 10s, BA 5 578 A A%
RGP nER 1 iR . PCR P4 AR IR
A DMT B4k, 37 °CHFHE 1h, EERHA
R, ZJE4H PCR =¥ A DMT B3z 841
ML P HEA TSR, I B0 E A S AR P ER M . I
J B DU e TE A Y Bk AR AT BL21(DE3)
1.3 EgRyFRIAFLL
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MR RAREE E A LB K5 -3, 7E 37 °C,
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WRIRHEA TR BE VR, WS B—P R . R
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AEUEE BR LA ARk, BIRTASBIAifb AR
1.4 AKEPEETESLLE RN E
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JT e L Il 1 — A B B TE (U) e WT S 5878
A T 38 1 I A 20RO 3,5- A kK i R
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JEIE (1 20 mmol/L. pH 7.5 Y Tris-HC1 2%
MORC TR Y 3% 19 4 BEBE T T70) I AGRAE Hr,
A 100 pl 3 YFBAIBRE , 7E 50 °CTF U 1 h,
BiJ A 375 uL DNS LA E RN, RS
W S min WA, EREFMA 5 mL ik IR
G¥EY, SN TR B I AR A
BN 510 5E SV AE 540 nm ARG REE,
ST

BRI E R Bardford ¥, 4
MiEE AL 78 3 mL % B2 if i
WA 300 pL i Y REATEER , ZIE T SO
10 min J5, 7E 595 nm ZbKHWOCEE, iHRE&EN
JoT 5

FOIE 31U/ ug)=R5 (U/mL ) A 5 & B (ug/mL)
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Table 1 Sequences required for single point mutations and saturation mutations

Primer name Primer sequences (5'—3’) Size (bp)
A356G-R AACCATCTGAGCGGCGGTAGCAACTGCCAT 30
A356G-F ACCGCCGCTCAGATGGTTATAGTTATTG 28
S357W-R AACCATCTGAGCGGCGCGTGGAACTGCCATA 31
S357W-F CCACGCGCCGCTCAGATGGTTATAGTTA 28
N358A-F ATCTGAGCGGCGCGAGCGCATGCCATAGCAGCTGCGTGAAA 41
N358A-R TGCGCTCGCGCCGCTCAGATGGTTATAGTT 30
H360Y-F GGCGCGAGCAACTGCTATAGCAGCTGCGTGAAA 33
H360Y-R ATAGCAGTTGCTCGCGCCGCTCAGATGGTT 30
W507Y-F TGAACAGCAGTAGCCATTATGAAGATATGGGCAGC 35
W507Y-R ATAATGGCTACTGCTGTTCAGAATGCAGGT 30
W507G-F AACAGCAGTAGCCATGGTGAAGATATGG 28
W507G-R ACCATGGCTACTGCTGTTCAGAATGCAG 28
W507A-F AACAGCAGTAGCCATGCAGAAGATATGG 28
WS507A-R TGCATGGCTACTGCTGTTCAGAATGCAG 28
W507V-F AACAGCAGTAGCCATGTTGAAGATATGG 28
W507V-R AACATGGCTACTGCTGTTCAGAATGCAG 28
WS507L-F AACAGCAGTAGCCATCTGGAAGATATGG 28
W507L-R CAGATGGCTACTGCTGTTCAGAATGCAG 28
W507I-F AACAGCAGTAGCCATATTGAAGATATGGG 29
W5071-R AATATGGCTACTGCTGTTCAGAATGCAG 28
WS507N-F AACAGCAGTAGCCATAATGAAGATATGGG 29
W507N-R ATTATGGCTACTGCTGTTCAGAATGCAG 28
WS07E-F AACAGCAGTAGCCATGAAGAAGATATGG 28
WS507E-R TTCATGGCTACTGCTGTTCAGAATGCAG 28
W507Q-F AACAGCAGTAGCCATCAGGAAGATATGG 28
W507Q-R CTGATGGCTACTGCTGTTCAGAATGCAG 28
W507D-F TGAACAGCAGTAGCCATGATGAAGATATGGGCA 33
W507D-R ATCATGGCTACTGCTGTTCAGAATGCAGGTGTTA 34
W507K-F AACAGCAGTAGCCATAAAGAAGATATGGG 29
W507K-R TTTATGGCTACTGCTGTTCAGAATGCAG 28
WS507M-F AACAGCAGTAGCCATATGGAAGATATGG 28
W507M-R CATATGGCTACTGCTGTTCAGAATGCAG 28
W507S-F AACAGCAGTAGCCATAGCGAAGATATGG 28
W507S-R GCTATGGCTACTGCTGTTCAGAATGCAG 28
W507T-F AACAGCAGTAGCCATACCGAAGATATGG 28
WS507T-R GGTATGGCTACTGCTGTTCAGAATGCAG 28
W507C-F AACAGCAGTAGCCATTGTGAAGATATGG 28
W507C-R ACAATGGCTACTGCTGTTCAGAATGCAG 28
W507P-F AACAGCAGTAGCCATCCGGAAGATATGG 28
WS507P-R CGGATGGCTACTGCTGTTCAGAATGCAG 28
W507H-F ATGATGGCTACTGCTGTTCAGAATGCAG 28
W507H-R ATGATGGCTACTGCTGTTCAGAATGCAG 28
WS507R-F AACAGCAGTAGCCATCGTGAAGATATGG 28
W507R-R ACGATGGCTACTGCTGTTCAGAATGCAG 28
WS507F-F TGAACAGCAGTAGCCATTTTGAAGATATGGGCA 33
WS507F-R AAAATGGCTACTGCTGTTCAGAATGCAGGT 30
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1.5 WT ARTHREREREEREMN
B E

W ARk, Haifbfs WT fIZEA8{k
BV B A 100 pg/mL, 7E LR BE T 51 T il i
JEE RO R P AR 5

FOERERIE . 76 pH 7.5 (AT, il
FH 1.4 H32 S ) DNS 36435100 WT F19 48 14
TEARTRIREE (40, 45, 50, 55, 60, 65 °C) N iy
it 1%, T o e BT 1 L R Sy G P o T
B, 2 100%.

T EEARCE PERIINE - K WT FSEAR K533
BT 50 CCRHATHIEE , &M 10 min BUHE,
HEME AT 1 h, £ 50 °CFFH DNS %
e BRI AR AR TR, R RS PR E 1)
BEIE R 100%.

1.6 WT MRTEHDESHBNE

W ARk A, Haifbs WT FIZEAE (K
(R B R 100 pg/mL , 76 MR N R4 5 8h J1 2%
SHIME

DLATEBEIE T70 1R RIS 3l U1 2% 2
B i A R vk BE Y A TREHE I T70 (0.2% .
0.4% . 0.6% . 0.8% . 1.0% . 1.2% . 1.4% .
1.6%. 1.8%. 2.0%)/ERIEY), 7E 50 °CF I
5 min. 7F 540 nm bW 0 R OB
W72 S W W) IR %, ffi ] Lineweaver-Burk
BB Ko AT Keato
1.7 TRERY = 4E L5 TN

A AT Y = A 25 R LU AT T B R Aodex
(PDB ID: 6NZS) ki #z i I Swiss-Model
(https://swissmodel.expasy.org)[r] J HAE IS 5]
1.8 HFESH

ALy ESE 3 WK, B X+s#
. IRl t KT M. P<0.05 B EASE

IS
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2 ER504

2.1 RENMNSHIEFERERTAMEE

Ren ZFPURGH T 4 HEREEF Aodex ik
4EHR, Asp4a20 il Asp439 2 HIE ML BRI S 5
YIRS K a-1,6 MK, TR GHA49
KR Dex49A TEAEAb Z BRI T A7 75 i) 8
7, Y Tyrd63 5 Asp317 [AJE A EEVEH )
BF, T AT B — > “BE B AR I E5 G 05,
HEFRP e d, A R F IR 540
545, —Aodex HH[RI BRI AEAE X RE (1 IS ) 3
TR TR G A

FIF CAVER 3.0°%:4i] T Aodex mfJiE¥id
HE WA BRI, KT TERIE Dex49A,
it T2 58 R hE IR 2, A0 5 i AR,
WE TR, AW T2 5 RS A

1 WTHHRYBERBERESMAFIREK
NEREE SOORWEERS, WOk
EARESSALERSY, IR ARTER S 5 bR E
REEGOL R 28 TR

Figure 1 Schematic diagram of the shape and location
of substrate tunnel and tunnel like binding sites in WT.
The green part represents the substrate tunnel, and the
blue part represents the tunnel like binding site. The

amino acids involved in forming the tunnel like binding
site have been labeled in the figure.
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DI 5 ANEIERR Ala356, Ser357. Asn358.
His360 . Trp507 1 k43 F oltids i i i, R
Discovery Studio!"Xf 5 437 543 AT RE FULIRL
FZRAR (R 2), FEULIERE b VBN M P ks
E R AR R, 13 3] A356G .
S357W. N358A., H360Y. W507Y 3£ 5 4 ik
RAMA

2.2 BORTXTEERNS

KUY BINT WT Bz 54> Bk S AR IR k4 7
TRl E 2 Fondifb g WT Kol 2
AR SDS-PAGE 455, WT MR 73F
WY 69.9 kDa, A%y K/NSFISHIAF, £
5 GEAR R Al Al B )

AR 2 FIE T WT R RARRE H
W, AERE 3R SA RN RAR R, 3
A 3 AR T EAFRIE . Hp AR R W507Y
JEon it TR TS 1, S WT B 3.00 £,
A356G RYLLIE 718 WT f9 2.00 5, S357W KL
W18 WT [ 1.20 5. N358A [T A FTkE
fik, 30 WT 1 50%, 1 H360Y A97E P4 JLT-5¢
2.3 (AR T X TE RS0

XoJ B A5 ARG B ) il i R 1 WS07Y 28 A%
TRFTEERY 507 FLUEATIRAIZEAE . XM A2 AR {4
PEATARAE4lML, SDS-PAGE 45 RN 4 fir, 1
AR i 2 . AEMR & TFleE T
WT FI& AR RE S Ty, 25 5 iR

®2 EBMEFIRELER

Table 2  Virtual saturation mutation results

Index Mutation Mutation energy (kcal/mol) Effect

1 Ala356>Gly —0.92 Stabilizing
Ser357>Trp —0.58 Stabilizing
Asn358>Ala —0.61 Stabilizing

2

3

4 His360>Tyr —1.26 Stabilizing
5

Trp507>Tyr —0.78 Stabilizing
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B 0SS UG WSOTY b, MBS
HUDET 53— A5 WSOTF, FLHIE /1A
WT i) 1.28 i, TTIEARIASARAGTE S AT
FLEEIFEA.

24 SR FEFMRAOHM

IR SRR A 3R
IRRBL T LI A (032 RS B %

& 2 R4 WT KRB SRT{RE SDS-PAGE
S M: EAFWREST&E; JKE 1-4 258
WT. A356G. S357W 1 W507Y 4lifk)5 i A4 R

Figure 2 SDS-PAGE analysis for nickel column
purification of WT and single point mutants. M:
Protein standard molecular weight; Lane 1-4 show
the purified protein results of WT, A356G, S357W,
and W507Y, respectively.

350

300
g 250

WT  A356G S357W N358A H360Y WS507Y

3 WT REQREFHENEEEREE
Figure 3 Schematic diagram of relative enzyme
activity of WT and single point mutants.
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= 4
AR A

BARTAR SDS-PAGE 87 M. HEEFARAESFar; WKiE 1% WT, ki 2-20 fRES

Figure 4 SDS-PAGE analysis for saturated mutants. M: Protein standard molecular weight; Lane 1 repressent

WT; Lane 2—20 represent the saturation mutants.
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HEDT A0 =R oMeExrxZ AL >
SEECECECREEsERERE EE
EZzz2E22255225P52255

5 WT RIBFIRZFEIETEEE
Figure 5 Relative activity of WT and saturated
mutants.
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T2 65 °CHf, WS507Y Fl W507F BYEIG JL-F 4
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—e— W507F
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M A WT MR R AR B iR S iR . B: WT
FN4$ LS 28 AEIRAE 50 °CTF MR e 1k

Figure 6 Optimal temperature and temperature
stability of WT and each single point mutant. A:
Schematic diagram of optimal temperature for WT
and various single point mutants. B: Schematic

diagram of temperature stability of WT and various
single point mutants at 50 °C.
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T4y 15%4 4, W507Y Fil W507F 1E 50 °C N3
P T BRAFrREtE, WE L hs, BEEES
80%LA |, A356G A1 S357W 7E 50 °C F#¥E 1 h,
BG4 60%LA o X RIXMEAIEI T loop
M 356, 357, 507 oS ibAT 2878 nf LIS AL
U Bl P AR E 1

3BT WT AR B )25 5, 45

Keat/ Kn B R W507Y, S WT 14 9.98 1%,
2.5 RLEEFHIS FIHIEREH ST

L WT it , F)F Swiss-Model 72 W2k
XTHEHE A TR m i 4 ASSARR S B A 7 [R) 5
L s R O £ T (EA T A0 T

WT F1 A356G M4rF LSS SR 7 By

®3 WINERTENHNNEEY

WEIR, 4 DRANKE) Ky (B AR TR AR

Table 3 Dynamic constants of WT and various mutants
fiX, RFADFRBEREA L WT EIFREYER Type Ko (mmolL) Ku(s')  kea/Ke (mmol/(L-s))
1, Hh R R R R WS07Y, LK,  WT  5.89+0.07  9.06£0.6  1.54+0.05
T S 4P S S 0
FEEEMOIEIN, RIX 4 DRAAMMIEEY  wsory 2720056 4183608 1538+0.6
BT WT. KIREYIREF A N, Hh WS0TF 3.67+0.56  19.56+0.7  8.080.3

A B

D
- AT 1062
His391 Asp439 Gln466 -~
A356G  ser3ode. 4 N S357W )V’“ T\ Asnd6]
e =rT (/e Asp440
\ -;iﬁjﬁl;;z’ P W\’

Phe393g. %
j.‘)/}’\ 2’

P 0]
o A} £
8,
\ M o
s \ L

[ { T. 445 £ Gna18
, - : )
- 5‘ \ ., 3
Glud23 \e? " Lysd43
i His301 (|

\

7 WT. A356G K S357W BN FIEHLERIEE  A: WT, A356G [ S357W 7 7 XHE R LR By
OB RIBAR. o, SEML AR NS WT. A356G. S357TW Xt /a FL iR TR AN &, &
LI RaE I 3 IALE. B-D: WT(B). A356G(C). S357W(D)sMill 55 5232 2F =Rl X B 5 L. TR A
SRR Ry ST A A E I 2R, B R A RR

Figure 7 Diagram of molecular docking results of WT, A356G and S357W. A: The position and shape
diagram of the ligand of WT, A356G and S357W after molecular docking. The blue, yellow, and red-shaped
structures represent the shape and position of ligands after docking with WT, A356G, and S357W, respectively,
while the magenta represents the position of cavity 3. B-D: Schematic diagram of the docking results of WT
(B), A356G (C), and S357W (D) with isomaltotriose ligands, respectively. Gray white amino acids are amino
acids that for hydrogen bonds with ligands, with hydrogen bonds indicated by green dashed line.
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Ro 356 MiMN AR RZE ARG, TS
FEZWNLE M2 3 EMHIE TA). ik
Ah, A356G HELUAXNTHES, BoiAR A 2 A
AT A EIER T, XSS R )
BAETYE His391, Ser392 Ml Phe393 i, Hi
His391 J&4 s s 3 AU FERR, Ser392 I
Phe393 NIZZSE 3 LM AR . = 3 i
GIn418 Fl Asp420 RFMEILAE, T2 I 3 (4
PR 43 W A 25 25 R ) S AHE ™= 9 eV
356 o 2 MR AR SR R 5251 3 7 A T 211
MEAEH 1, S50 A356G HAT & Y6
1, RIS A RCR IR

S357W SEciAX G, EARECARIN B
WA s 3 ki, H5 4= 3 /9 His391
PR T SR Ay, R R ) A Rt
A THEZMER T, S8 S357W Rt T
S R E AT L T Y BT O R i
fhi

FEVRLRI A TS DU e 45 5 R B, T Y
WFngEAs A, HA W507Y F1 WS07F () HLTE
AR, HARZEAS AR R T AR R
BRI B REAR o T ECY 08 BIr ki i 282 A
507 {57 Z FEFR A B A RIS A R IR

HEra st &3, 78 GH31PYH GH66 'K
W A T W T e P A A 3B 3 A7 A — A B TR

(tryptophan, Trp)u¥ i % ik (tyrosine, Tyr), Ef]
e 23 Tl A EC AR -8 525 0 1) R AR 5 ) v R B 1
TR G225 XL BRI B A K
ORI O B R E IR, e B rh RS
iz Ve . W L ECRIR I 255 &
PEOKSRAE I, 3% Se 2 R 1) ) e i 25 e A K
WE B2 ) WG, i A BN N DG s R U AR A
B, i s kA A, B FKEE Y
KT

507 oL 1Y (4 A R 7E Aodex H L& A 5 E IS
FIVE T, DRI 5 288 il R R 255 A 2R B0 B 170 T 2
R FIZK TN % % (phenylalanine, Phe))5 LbiiG 114
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Figure 8 Schematic diagram of amino acid distribution at the tunnel like binding sites of WT, W507Y, and

WS507F.
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