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W E: EAAT H4 PCR MALE R a9kt o T HALE R, RR GERDBRAF AT B-1,3-1,4-F RAE B 0 AL T 1
FAEZOEAT o6 MM GBEEHARA, 2EABET RN FBEF L, LHFAEFINIRABEIBRAIRZNE
EAK 2-JF-01. 2-JF-02 F= 2-JF-03. ¥ EFAA B-FRAEH AR e AAL T MR H O R T AR mi%«ui% 248 F e BT
AR LEAL S , Bl LR N K AR R B B 2-F-01.2-JF-02 F= 2-JF-03 #) Tso 485 5|t 27 £ B (53°C) 425 2.2°C.5.5CH3.5C.
% B B 2-JF-01.2-JF-02 F= 2-JF-03 ££ 60°C T 49 ¥ Z A ty0.60c(min) £ A FL2F A B (18 min) 2% 4 min. 13 min 4= 17 min.
T B 2-JF-01. 2-JF-02 F= 2-JF-03 49 Viyay /84 286 pmol/(mg-min). 304 pmol/(mg-min) #= 279 umol/(mg-min), 4%kt
Eriii_ﬂ% 83%. 2.6% A= 10.6% . K LB 2-JF-01. 2-JF-02 F= 2-JF-03 49 K, 1545 6.76 mg/mL. 6.19 pmg/mL #=
6.84 mg/mL, H¥FAA (6.29 mg/mL) KAME. 53l ot &Y, 3INMNRRAKRELE 7TAMARARASA: 2-JF-01 (N36S,
G213R). 2-JF-02 (C86R, S115I, NI150G) #= 2-JF-03 (E156V, KI105R). mﬁ%ﬁﬁ%«ﬂ}], TABABERT SMETEE
JREBBRARFIRE, 42.8% HREIRBAAFRE, LR BBRARS B-1,3-1,4-F) RABBAAE T P R ERGER.
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Abstract: In vitro evolution methods are often used to modify protein with improved characteristics. We developed a directed
evolution protocol to enhance the thermostability of the B-1,3-1,4-glucanase. The thermostability of the enzyme was significantly

improved after two rounds of directed evolution. Three variants with higher thermostability were obtained. The mutant enzymes were
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further analyzed by their melting temperature, halftime and kinetic parameters. Comparing to intact enzyme, the Tsy of mutant
enzymes 2-JF-01, 2-JF-02 and 2-JF-03 were increased by 2.2°C, 5.5°C and 3.5°C, respectively, the halftime (t;,, ¢0oc) of mutant
enzymes 2-JF-01, 2-JF-02 and 2-JF-03 were shortened by 4,13 and 17 min, respectively, the V., of mutant enzymes were decreased
by 8.3%, 2.6% and 10.6%, respectively, while K;, of mutant enzymes were nearly unchanged. Sequence analysis revealed seven
single amino acid mutant happened among three mutant enzymes, such as 2-JF-01 (N36S, G213R), 2-JF-02 (C86R, S115I, N150G)
and 2-JF-03 (E156V, K105R). Homology-modeling showed that five of seven substituted amino acids were located on the surface of
or in hole of protein. 42.8% of substituted amino acids were arginine, which indicated that arginine may play a role in the
improvement of the thermostability of the 3-1,3-1,4-glucanase.This study provide some intresting results of the structural basis of the

thermostability of B-1,3-1,4-glucanase,and provide some new point of view in modifying enzyme for future industrial use.
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Table 1 Strains and plasmids
Strains and Plasmids Characteristics Source
B. amyloliquefaciens BS5582 Patent strains (ZL 200510038488.8), source of bgl/ This study
Strains  E. coli IM109 ;‘ic[fr ng’g‘fi lr; jygﬁf‘?fc’ 1;},”1_;&2}21{/?1157]’ supEA4, reldl, A(lac=prodB)/ CICIM-CU
E. coli BL21(DE3) F~, ompT, hsdS (rBB-mB-), gal, dem (DE3) CICIM-CU
. pET28a(+)-bgl T7 promoter, lac operon, N His-Tag. T7-Tag, Kan" This study
Plasmids pET28a(+) T7 promoter, lac operon, N His-Tag. T7-Tag, Kan" CICIM-CU

1.1.2 ZZH

Taug DNA B4 . ANTPs W [ F i %4 YRt
HAMRAE; WHEl ., &6 K WAL R % e
FHIRAT]; BREIE N VIES BamH 1. Xho 1, T4 DNA
YEFERE . ADNA | B Marker, iR RIPE R .
SENEFA-B-D-2 A APTG) WA LA T4
Y TREA T, PCR WAL & . i BG4
JORE O &, R TBE I . I R OSUPN A T fie S
£ K BBI A7 B-HIRBEY N Sigma 24
H] 7 EEREER YRR AR (R Oxoid A A
P A AR R B AR ) Sk [ A A, [
25 AR AL 2= R A BR A 7 i
1.1.3  BEFEH

LB Fi3R3E (g/L): BRE IR 10, R 5,
FALEN 10, BEAERY 15 (EARTIRIL), AR AR:
FRIEAE T L MABEE R IE% &R £ 30 ug/mL. TB
BRI (/L) BEEAM 12, EBEEEEY 24, Hih
6, NaCl 10, KH,PO, 2.4, K,HPO,3H,0 12.5, 5
FEHERIHTINA RIS R, Z9RIEH 0.03 g/L,
1.2 A&
1.2.1 %3 #%PCR 7' 1

P 8 v B Mg™ RIS i ANTPs ¥R Ok 3047 5
5% PCR, £1%F B-1,3-1,4-7 R WHEF 2L, FEEREHL
AR PE o KR VE MWL 2 B AT IR bgl J¥4) (GenBank
Accession: M15674) #it4 i PCR i a951 9 .

B 51 F . PAG1-F1: (5'-ACATCGGATCC
ATGAAACGAGTGTTGCTAATTCTTG-3', BamH 1)
Ml PAGI-R: (5-GTAGTCATCTCGAGTTATTTTTT
TGTATAGCGCACCCAG-3', Xhol), VI bgl FH
i JFORL pET28a(+)-bgl MM , 4T 5 4 PCR 471 .
£ 100 pL SWVAK R K. 1xTag DNA B4 B K

0.2 mmol/L dATP 1 dGTP. 1.0 mmol/L dCTP
dTTP. 7 mmol/L Mg*". 0.25 mmol/L Mn?", I~ Fijf
5#)4% 50 pmol, Template DNA 1 pg. Tag DNA
AW 5 U, PCRY KM H: 94CHAZM: 3 min;
94°C7AE 50 s, 56°CiBk 45, 72°CHEffi 1 min, 30
AMER; 4T
1.2.2 EHESFERIH &

D5 PCRIEEMIZ 1 % (WIV) BrSHHEE I L TR G
I ] e I s i 50) & [ e o T BR P oA 4 il
BamH 1 1 Xho 1 53 5% 24k pET28a(+) Fl 54 PCR
FEIEATIRAG, B bgl BEPR 5 LA EAR B
BT AR SZ S N E. coli BL21 (DE3), WA
B RIREER (50 mg/L) Bt VAl d S AR AR e
1.2.3  ZEAESSE Y il 4 i i

M LB Az b Bk B A vE B I VR R T A A
1000 uL LB} 353 (N4 30 pg/mL Kan) F4 96 AL
M, B R e AT o A PR AL AR [ I
FiEp A= B i e, AR M BHMEXT IR, 37°C . 200 r/min $%
FEIGAE 12 ho TERWAMET, A 96 AL I
20 pL B, R HEA S 1000 pL Bréf LB 1532 3L
75— 96 ALtk b, Jf#EAT 37°C L 200 r/min JR¥EES
F%o ACIERA AT 96 I, 37°C. 200 r/min
PRI FEAW 4h J5, TFLIMA 2 g/L IPTG 40 uL
DL 180 g/L FLBE 100 uL, #241)5 T 24°C | 200 r/min
PRFEHTFR 6 ho TERGHRAL LW E ODgoo IR AFEHE 5
F4°C. 3 000 r/min &> 20 min, PIAEFL——XFhf
RIE, FUHHRAR PR 20 pL FIEMIERRE 2
e 96 PCR b At o JH rp — He 5 G RLIG W 1Y
96 PCR it Ztit 80 C4ax @it Ab i 0.5 h, F5—XFh
M 4°CHE . 4 2 B 96 PCR KA 40°CTHiF 10 min
Ja CRIFH AR SO P ER) , EEFL A 40°C 5 (0
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BWERY (I FHRTH pH 6.5 A 20 mmol/L Y W2 2%
W 1 193R4E) 80 uL, 1R21JE 40°CRNY 10 min,
FEFLH A 300 pL YiyEH , FIH Eppendorf K 25
LML, F4C. 3000 r/min #.0> 20 min, AR
% FE 2 2 Y 96 SRt I E ODsoo WOGAA o ]
FHEEAR AT BB 5 (ODsop s —ODsoo i)/
ODgoo WIBUE (RAYIETE), VIPHMEX NS %, K
S5 0 1 T R BRI B A Bk L O R A ARk I D
1.2.4 &8 TG0 T 5 1T T

MBI E. coli BL21(DE3)-pET28a(+)-bg! -
M B HREL 200 A BLTE VR , 7R 96 TRFLIEFR MR L kAT 1E
Ii A R IE I B0 HIAS LR, BE S AT B-1,3-1,4-
R SRWR TG vl T RUEAR A B
JEH, FHAR R=1-F(Xo—p)/o) W75 77 v kG
BT GE T a0, Jorh X S A i B FUBIA
FHR RN S g0 1 22 S BUBR PR TR 08Ul p i
B LEARY B-1,3-1,4-40 MRS ) 0072946 ; R MK
MR BHPE H BR A s o W EFAE RS B-1,3-1,4-7 Mk il
TG RIBRIETT 25 . Y1 R — R EARIE T 22 (o) Al
WIFEIME (w) 5, BUBE (X)) 78 96 fLk ik
PEMESRE T LA, DR A o i o T
PR FAR I
1.2.5  B-1,3-1,4- BRI 320 1E

alifb i FE AR AR 4°C R UEAT, B O Y A T
7T pH 8.0 Y Tris-HCl & v b, HA WM, B
O W TEW,  BIA R R . Rt 90 e S5 ) 3 FH 8 )
1] HisTrap HP affinity column 3128y ikt 174k
b, SHEHACE IR 5 TR 20555
1.2.6  B-1,3-1,4- BT BT 77 190 &

KA 3,5-hEIKR (DNS) KR AZO
e T AR A AT o R 22 M R ik
WE B-1,3-1,4-7 B AO S UL 1, MG 2 3L
TE 40°CHI pH fH N 6.5 S51F T, Bor8hoKfig B-# %
B AE R S F 1 pmol A9 45 BEIA R Y Il 4o 14
g 3% F7 BN o O A ) K B R bE, TEB-H
REEMOERT, BT B-HERBERSFHMW
B-1,3-1,4 HERY KL, ¢ W5 (L5 HUR 2 S Ak & v
AR E WDTRER G, Zead B0, IBWAE 590 nm &b
BAWOCE, HWGMHE MR/ B SR )0 &R
BLIE FE o AR E A2 B8 W Ekinci MS! V45428 5 1 .
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Carboxymethyl, dyed mixed-linkage B-Glucan

LEGEND
. G=anhydro-glucose units
‘G—¢ D D=dye molecule
3(*;_4(5_43 D CM=carboxymethyl group
f GGG M

|
M 3G—4(G)n—"(|} —G
Malt B-glucanase

+Precipitant ‘G—G—G
—G—G D
é * (Lz—G D
%—G—Cli cM
cM é—(G)n—(I}_G
é " 6—G6—

Soluble, dyed B-Glucan fragments (m=1)

1 BEEXETARBERYENE p-1,3-14-FRIEER
FERE

Fig. 1 Theoretical basis of the B-1,3-1,4-glucanase assay
employing Azo-Barley Glucan.

1.2.7 B/ BRI GE P48 15 ZEAE K Michaelis-
Menten ) 1) 57 Fr

JEWI N 0~10 mg/mL B B-HIRWE, Wik T
0.02 mol/L 1) pH 6.5 FRERRZE vhifd o (e AR [F] A E T
T 40°Cill%E B-1,3-1,4-75 MBS 71 o LA Lineweaver-
Burk 1E & & if & Michaelis-Menten & %0 . M
Lineweaver-Burk XUSE & th Al 15 25 J122 550 K.,

u& Vmaxo
1.2.8  ZF/f JlEAI A5 1 48 2 T3 T B #A A5 E P
MWE

A5 BB T IAE 25°C~80°C YK I Hh I
IR 10 min, S7EIVKIAE 20 min, #208 1.2.5 #i4J7 210
FE BTG ) o 0 B WA 28 0 Bl Ak A 3BT Y TS T R
1009% , LAASIR) I BE X5 AH B 1) 5% 4 i 0% 07 43 oA
B, SRIEEEG Sk 50% M IR, BliZEERY kR
WEIREE Tsoo & X B-1,3-1,4-H1 RMERG R 2 ILEE T #G
W B —PRympE] oy HE ], 20 toxceo
1.2.9  JEHIRIL TR BS5582 p-1,3-1,4- H M
FEH) = 255 14 el IR B 5 T3 (0 5 7P

7E SWISS-MODEL %4#& % (http://swissmodel.
expasy.org/workspace) THIA B-1,3-1,4-%5 R P
A R LA K 5 785 i 1) 1) 28 SR R e 9 e B Al , A2 A
FIERSRLIE . 5B PYMOL 2 B = 4254 7 B ik
PEIFARIE O R 25 F 5 2., A AL i S8 800
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2.1 5% PCR KM &R

Sy’ PCR LS8 A8 )5 i F B SL T FAK DNA &
B B AED 1 A e ) R LR T 1) B0 SR DR rh s | A R
Ji AR AT RO VAR R A M R B I
Y5 DNA JEG B R BCPELF IR BLEEAH G o 38 5 0 5 4
PCR S5 4 Z2 Min®" ¥ B T LA S 06 35 P 28 725 A %
HEFTRE AU, L 58 AR AR A A — e Y Y
AR SCRF AT M Ve R bgl i 5878 B R 04T T B 52
M 2 AT LA, BhEE PCR IV &G HHA 0.03%
(¥ RAE, FE R Tag DNA BEEHRA 3'—5'
TR A1) B P S I 52 0 X PCR SR AR X 1)
REUT . I DR () 28 AR S B 2 Min™ ViR B 1 484 o i 412
B, WUR SR, A 4R 2 Bk
WEPE, SRR AR ARAL, BRI R Rm,
wh B ZREPE A /D 0 0.25 mmol/L & 0.35 mmol/L (¥
Mn® e B o AT T A ST 1) B AL 28 A8 A R ok 1 Hh A
B, LM B R T A T 2~3
BRI AR . i 0T Ak 5 T S 0 i 5 R 1 — 2D
W, 0.25~0.35 mmol/L A Mn> W FEAEHE A T bgl
(717 bp) JEH A E M HEE . ASBFFRIR & AR R EE
(W 555 PCR Z&78 =Wyt A5 i Wi s e LUK 437, i
K 2 A LAE N, M4 Mo HE KT 0.25 mmol/L i,
JE AR =4 1 e B 0 i 2R PR, M 4L
A R MBI TS DNA ARG, 7T EE
Jere I IR R R 2 — U gi e, AR ST kB
0.25 mmol/L 7} 4% PCR R IVAK & Mn* ¥ i .

£2 MnREN bgl REIHEMFM
Table 2 The mutation rate of ep-PCR at different Mn**
concentration

Mn** Base ' Amino acid Amino acid
concentration  substitution rate substitution rate  substitution
(mmol/L) (%) (%) number

0 0.03 0.08 0.17
0.15 0.16 0.39 0.83
0.25 0.37 1.10 2.34
0.35 0.49 1.32 2.81
0.45 0.62 1.70 3.62

1 The total amino acid number of Bacillus amyloliquefaciens
BS5582 B-1,3-1,4-glucanase is 213.

Concentration of Mn?" (mmol/L)

5

Q'
F & o v v
p ¥ T

717

2 Mn’REX S PCR R KR FH898 01

Fig. 2 Effect of Mn>™ concentration on the products of
ep-PCR marker: DNA marker; control: standard PCR control;
0.15: ep-PCR with 0.15 mmol/L of Mn®"; 0.25: ep-PCR with
0.25 mmol/L of Mn*"; 0.35: ep-PCR with 0.35 mmol/L of Mn*’;
0.45: ep-PCR with 0.45 mmol/L of Mn®".

22 SEBEMEAENRITFEIN

AT Al 1 2 1 AR ARAR T, R O B 1) o
WO L (B 3) RHLESAM . N TR 96
PR e B-1,3-1,4-7% S0 s Al 1% RS B M, ABIESRE
MEFA= R E. coli BL21(DE3)-pET28a(+)-bgl “F-#i |
PRHL 200 PRI, 7 96 TRFLEE IR M b EAT 8 3% K
VR IA G B ORISR, B HETT B-1,3-1,4-7
VBN =l I . 45 RFRW], R B-1,3-1,4-7
RMEREIE ODsoo Y%L 1=0.63, FH G L brofi 22 Ky
+0.088 (0.14 p), HETEHEAFGIES AR, F)
A R=1-F(Xo—p)/o) X ik Jy % BRG i v kA 7
Giitegarir, R 2 BN R E A A AR
N 0.75%107° 2475 Sy WUIE A 1.15 £5 T 55 2E A B A4
P80, P PESERE M ME R A 1.7x107%, BFFR 45 R %
B, R 96 BEbR it AT B-1,3-1,4-7 SO0 Al I Il &
8 BH M T SUARAK, AT LA 280 7E S 1 1E Ak o
I FH
23 REBRXEMHERRTHRFEEFLE

FEPRALHA E 1 5 55 PCR WK R T, #E47 PCR
PHG, A 1% (WIV) BUIEHEEE RS B vk s A
FARE IR g Il . PR N YD BamH 1 F1
Xho 143 %} 244 pET28a(+)F1 5 5 PCR P4 #E4T 1Y
b, ¥ o5l bgl B =Y L vk Bik i B i
R YEALIRZ SN E. coli BL21 (DE3), ¥R A
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AR KA (50 mg/L) Pt FHuky g A8 (R 1%,
JEORE R FE AR DL IR 3. Fi B A SO A A O 3
BEXF B-1,3-1,4-H SRR HEAT T S HEAL, Fh5E okt
2y 4 500 BRECRERIBION , 15300 M O E I m AR Ik
87 #k. B MAHRIBE 96 15 FEAR - HREUX 26 7 f 7
96 FLAR LA Rl h i AT Z ST, i MR SRR
AR PR AT A R B SRAEEEZE 80°C . 30 min J& MYFIAR
WPE . FAIRIF AR E PR R HE Y 3 A RAR A
2-JF-01., 2-JF-02 FI 2-JF-03.,

Feal TR, 3 oARRIL LA T ADEIER
AR (K 4):2-JF-01 (N36S, G213R).2-JF-02 (C86R,
S1151, N150G) F12-JF-03 (E156V, K105R), #ET
SWISS-MODEL %% ##
org/workspace), X ¥ A5 7Y K ES g PR 4 1y 28 A8 (AR iE
17 HEA A R IEEL . %PEn PDB AR
MRl PR 5 VE R AL 2 AT T BS5582 B-1,3-1,4-7H]

(http://swissmodel.expasy.

- T7(IT) xpo 1 (159)
fl origin

pET-28a(+)
5369 bp

lac1

pBR322 origin

BamH I+Xho 1

T4 ligase

T7 promoter b o

pBR322 origin

WAL E] 97% 1Y 1gbgA (1.80 A), [RIVR Y45
JtH PROCHECK H:iE. fffB) PYMOL & |15t =4
SER 3 HTERAEIAR A O B 25 A AR S, AT T B
ROW Al B O SRR . B S S R, T
AR 5 AL T 8 B2 1 s o
24 FAMMAREMRSRETMAE Michaelis-
Menten Zh HF 047

B A 8 R GEARAR B-1,3-1,4- %) SO il 44 26 [ 3 1]
/3T HisTrap HP affinity column 35 FZH7 5 k4T
afifb I 2 Ik 4 5 T T2 012 H9E o 5225 i 2-JF-01
2-JF-02 Fl 2-JF-03 [ Viax {4 286 pmol/(mg'min).
304 pmol/(mg-min) F1 279 umol/(mg-min), 435k
AR % 8.3% | 2.6% 1 10.6% . 2875 2-JF-01
2-JF-02 F1 2-JF-03 % K, {4 6.76 mg/mL .
6.19 pmg/mL F1 6.84 mg/mL, 5¥f4:71 6.29 mg/mL
FEAME (55 3).

.. T7(TT)

f1 origin
e

Xho 1(159)

BamH 1 (882)

T7 promoter

pET-28a(+)-bgl
6 052 bp

lac 1

BamH I+Xho 1
ep-PCR
BamH 1 Xho 1

Mutational sites

fl origin:r7 (TT) Xho 1(159)

Kan

6052 bp

pBR322 origin

pET-28a(+)-bgl

bgl
BamH 1 (882)

T7 promoter

lac 1

3 5% PCR /M 3HY p-1,3-1,4-F RHEES E o) 3t (L BRI A3 R 72
Fig.3 Mutagenesis procedure of the $-1,3-1,4-glucanase structural gene bg/.
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WIDE TYPE MKRVLLILVTGLFMSLCGITSSVSAQTGGSFFEPENSYNSGLWQKADGYSNGDMENCTWR 60
2-JF-01 IMKRVLLILVTGLFMSLCGITSSVSAQTGGSFFE PEBSYNSGLWQKADGYSNGDMFNCTWR 60
2-JF-02 MKRVLLILVTGLEMSLCGITSSVSAQTGGSFFEPENSYNSGLWQKADGY SNGDMENCTWR 60
2-JF-03 MKRVLLILVTGLEMSLCGITSSVSAQTGGSFFEPFNSYNSGLWQKADGYSNGDMENCTWR 60
Consensus mkrvllilvtglfmslcgitssvsagtggsffepfnsynsglwgkadgysngdmfnctwr
WIDE TYPE |ANNVSMTSSGEMRLALTSPSYNKEDCGENRSVQTYGYGLYEVRMKPAKNTGIVSSFETYT 120
2-JF-01 [ANNVSMTSSGEMRLALTSPSYNKFDCGENRSVQTYGYGLYEVRMKPAKNTGIVSSFETYT 120
2-JF-02 Z—\NNVSMTSSGEMRLALTSPSYNKFEEGENRSVQTYGYGLYEVRMKPAKNTGIVEﬂFFTYT 120
2-JF-03 IANNVSMT SSGEMRLALTSPSYNKFDCGENRSVQTYGYGLYEVRMRPAKNTGIVSSEETYT 120
Consensus annvsmtssgemrlaltspsynkfdcgenrsvgtygyglyevrmkpakntgivssfftyt
WIDE TYPE |GPTEGTPWDEIDIEFLGKDTTKVQFNYYTNGAGNHEKLADLGFDAANAYHTYAFDWQPNY 180
2-JF-01 IGPTEGTPWDEIDIEFLGKDTTKVQEFNYYTNGAGNHEKLADLGFDAANAYHTYAFDWQPNY 180
2-JF-02 GPTEGTPWDEIDIEFLGKDTTKVQFNYY'IEGAGNHEKLADLGFDAANAYHTYAFDWQPNS 180
2-JF-03 GPTEGTPWDEIDIEFLGKDTTKVQFNYYTNGAGNEﬂKLADLGFDAANAYHTYAFDWQPNS 180
Consensus gptegtpwdeidieflgkdttkvgfnyytngagnhekladlgfdaanayhtyafdwapns
WIDE TYPE |IKWYVDGQLKHTATTQIPAAPGKIMMNLWNGTGVDDWLGSYNGVNPLYAHYDWVRYTHK| 238
2-JF-01 IKWYVDGQLKHTATTQI PAAPGKIMMNLWNG'IEVDDWLGSYNGVNPLYAHYDWVRYTK 238
2-JF-02 TKWYVDGQLKHTATTQI PAAPGKIMMNLWNGTGVDDWLGSYNGVNPLYAHYDWVRYTH| 238
2-JF-03 ITKWYVDGQLKHTATTQIPAAPGKIMMNLWNGTGVDDWLGSYNGVNPLYAHYDWVRYTK| 238
Consensus ikwyvdgglkhtattgipaapgkimmnlwngtgvddwlgsyngvnplyahydwvrytk

4 HEARABEHRSELTHE B-1,3-14-FREHIERF I L
Fig. 4 Amino acid sequence alignment for variants 2-JF-01, 2-JF-02 and 2-JF-03, comparing to wide type B-1,3-1,4-glucanase. The
alignment was performed by using the DNAMEN alignment programmer. Amino acid substitutions that differ from wide type are

indicated in white.

x 3 FEBMAREMESRENR B-1,3-14-FR1EHE
NhFSH

Table 3 Kinetic parameters of wide-type p-1,3-1,4-glucanase
and its mutants

Mutant * K (mg/mL) Vinax (Lmol/(mg-min))
Wide-type 6.29 312
2-JF-01 6.76 286
2-JF-02 6.19 304
2-JF03 6.84 279

a Kinetic parameters were estimated from assays conducted at 40°C
using Azo-barley glucan.

25 BEMAABEMRSHRTHARIEEN
M ZE

gl Ak A5 2 1Y BB 5 0 #E 25°C~80°C I /K ¥ Hh I
1% 10 min, 7 BPPK¥S 20 min, $#%08 1.2.5 $5 97 20
SEWENG 1o ICBHA A 2 Al Ak A 2R A TS 1k
100% , LIAS [R]85 5 5 40 07 B9 5% A% B G 0 B 43 O AR
K, SRHEEE Sk 50% MR, BIZ Ry 2k
TR EE Tsoo B-1,3-1,4-9) SMERG R & IR BT BlG 28
—2P A AR ) oo SEERESREH] (B
6) 7% 2-JF-01, 2-JF-02 Fl 2-JF-03 H Tso {8 53 5]
B AR g 53°CHR¥R 2.2°C . 5.5CHI 3.5C, A%
55.2°C . 58.5°CHl1 56.5°C. %845 2-JF-01, 2-JF-02
H12-JF-03 7 60°C T FF 2 t10, goc(min) 435 LLEF

Al 18 min 275 4 min. 13 min #1 17 min, A3
22 min, 31 min fl 35 min,
3 Wik

A 58 6 K IR T VE B WAL ZF M AT T BS5582
B-1,3-1,4-H RMERGFE N bgl 47 1 € WAL, K15 3
M EMER B S R, PR, 3
AR A T AN E RN

Mg PR o K Bl Sy o E e B s e W], PR E R4
1o RIS B-1,3- 1,47 SREMEBE R IC P 1Y 25 A ) HE AR
AR, AH S AAR XS T4 SRR ) AL T TR B
o BARAWIRRIE, e ke, W IER
e A AT P ] A5 5 i T (F A 1 B 2 ok
L IBCRAEE S PR 4R e 1R E ) R AR R
it £ 9 R A N AR LA A R R PR R Y,
PRSEMIE M, W E AR AW, DU
ST (RTREEARIE D) momeIRiY, R ZH T,
— A Tt ) 975 P R L TR e e — Tl O T A 1 6
£, AFRWERBEZH/E .

H5 A W58 2 WK it T2 1) 28 P Jo 3 T PR 1X
B (loop) = 30 BRTE Y 2B FR Sk HE 20 0T T2 1 5T
(s e PR F P2 e R MR A A AT A

© HERE RN TR TR A dE ChaS Imacen o e on



1300 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

September 25, 2010 Vol.26 No.9

Asn150 -

5 B13-14-EREHBAREERSRERIERY
R=HSEMEN

Fig. 5 Crystal structure of the wide-type -1,3-1,4-glucanase
(yellow cartoon) with the seven mutations (labeled and
indicated by sticks) of the three variants selected in the directed
evolution. The figure was made using PYMOL.

. [ 22 Wide-type SN 2-JF-01
NS E=2-7r-02 [ 2-JF-03
50 HONE
NE =
oI NHll E
“wNEll RE
NEl BRE
20 INE = ==
I = — NS
10 HNE = =
o IRE = PRENL

Tso O tinsoc (min)° tinsorc (MIN)° 1700 (min)*

6 IFAEMMAREMRSHRTE p-1,3-14-ARE
EERIEEHSH

Fig. 6
glucanase and its mutants. * Temperature at which B-1,3-1,4-
glucanase loses 50% activity upon incubation for 20 min.
® Half-life of 50°C inactivation. ¢ Half-life of 60°C inactivation.
4 Half-life of 70°C inactivation A: the absolute value of Tso and
half-life.

Thermostability parameters of wide-type f-1,3-1,4-

WA ZFE LA o DRI, Hrh 6 M
FEAFRE IR X (loop) Y 3,0 e, AHF
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87, XA T SR il 5 7L il ) AR MR v
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3R MK EIR (G213R . C86R il K105R), L%«
NGB B R 42.8% o FE IR IR 2R 598 A8 4
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S5k JOE 2 AR T, AR B AR AT A LR
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WA Pk, AERREE A RSN, fE
e HLAT O PREE T 7 A A ELAE T, T4 25 2 11 o
WARE mE . K7 R, 86 fLn kAR AL
KRG, SHABITH 85 ALAY KA H MR [ 88 i
RS AN = N 3 A S WD TP AL S L
M NG 1 BEEE 201 AR E Tk

E7 p-EREHEA=ZYHEEMD 86 NEERMEN
Fig. 7 Location of mutations in the crystal structure of
B-1,3-1,4-glucanase site 86Cys86 is surrounded by Asp85 and
Glu88, resulting in a hydrophilic cluster. Substitution of the Cys
increases the electrostatic interaction by forming salt bridge
with Asp85 and Glu88. The figure was made using PYMOL.
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