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B2 (H Y AR5 28 f AT B R D 41 DNA o 888t bglCoJE PR I A2 K AT 11 b 23k, 23 M 2 7 ) 1) g 2
PR T HEAT 25 M REA0L Sy gk — P A 9 I A B D)y R B 45 M A B e Bk il K07 0E 1 0 bglC KR IR e B 31 K 0 AF
W (Escherichia coli) BL21 (DE3) v 31k, 3l i 52 m) 3F AL 3R UK il 508 38 B 1 S8 A8 Kk, 28 Ni-NTA 85 55 1 )2 M FE
A Ay i, W g B ARG R AT T B T I S AR R . R ] CD i s S AR 1 SR D A IR e e i P UK M =
Y Gl R T, o3 BT Y ARl AR W R R R A e KR Y B ARG B LETE D14 9.7 U/ mg, d5 3 8 A6 FE 4 60
C,Hid pH R 7.0, L RAFMIGIE, FATHE B — DA K BS-GLY_M1 (A242T/T385A/S425L) , H Lb ik
J1iEF) 17.1 U/mg, e d& i 524 55 C, il pH {2 7.0, 7E 55 C R0 3.5 h, LEEF ARG N 2 he R
A T A I R L Bt FUBE AT S UM A RE S A R (K TK) TR R e BEAE RAR ST R DL R A
VY SRR S AEAE I & DL SR JE AR D) R A o 5 A 0L 25 3 IH 58740 i I 1) — 4k 45 M A R i AR 4k
X ] B AL W AR E MR A SR A = I DR (50 ] R B AT e B T T LALE K i AT B AR A
o LLad g e v ik Ak 4 v LK AR R

KB R IE, 5 PCR, JRYIR: 57 1, CD Jailh, SR AR, 45 Ky g st
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5ok W T B bowg R A ( Thermoanaerobacter
tengcongensis) ik 4 ) 61 FR -3 2 i i 1) &
PR P 5 — B 62% L Rk F K 4 () 68 IR -
(B ] e B il o

Fili 0 2F 0 FF B A 4] ZE ] bglA L bglH Al bglC 4w
e ) — Thy 36 1) B 7K AR I » O ABL T AN A 5 ik BT E A
B T )5 R PR A SCIR WY A i HE O3 e F X 0a) 5 H
ANHEHE DN T AT 6 AR AT T R B e AR STR I
bglC 2k TR G i1 F 186 7 %68 56 1) JES 0 1% > E W8 /K i 22 Tl
BHH T » 22 DN 52 1 ) A kAR T -6 B IR B =1 FL b
T+ (pNP-6P-Gal) [f) fi fk 2 % (K /K,) 2 18.1
(mmol /L) =" /min, ifi %} 4§ 5 2 I = Lk 15 (1)
K., /K, 6} 25.3 (mmol /L) ~' /min, K It A 3 5 W 5
Je R % E T A B Ml ROV 2 AT BB T
Mg (BS-GLY) o H1 T~/ % 3R HX 64 192 43 ] 44 B 1 ik
Wy, BATBAT VAN BB BS-GLY /K fift 3 5 25 9 17 1)
ZE 5t o

ARSI T IR 2 AT 1A 168 Bkl B PR 4
se i th BS-GLY 1 2 X O A5 Kl 41 w1 b R0k, Rk
P A AT 2l BT )ik 30 9.7 U/mg, JE L B=F
FUBE T N I WE T T B ALl i e A . 2l i 4b
B I AL , 73 31 FRA s MR A V5 1 i o 1 S AR A
T 3 = Y 25 ey AT SREAR AR (R SE AR B A A BEAT T
IR BT WF TGS R N Al R 2F AORT T B W T i 10 45 A A
Hr 55 D REBLBIWE9E BL5E 1 Al o

1 BRI 57k

1.1 #i#y
1.1.1 FF#FAEEL: Bacillus subtilis strain 168, X i

#F 8 (Escherichia coli) DHSa, E. coli BIL21 (DE3) ,
pUC19 J5i ki, pET28a ( +) JFi ki, # iy A S 6 AR 77 .
1.1.2 HEFE:{3)A T LB K IR (ALB) : it
[ Studier "™ (1) (1) ¥ T ALK 7R AL, LUK T LB B R
B Dy KAt A8 R AT N JE E 1 SLRE 0. 2%, i 4 Bl
0.05% , 1 T A3hi% T belC FEK R IL .

it 126 1 77 B s DU ) LB 8% 9% O R Al A A
moN & OB E R LK E 50 pg/mL, IPTG
0.1 mmol/L, X-gal 0.1 mmol/L, T i i% % 15 BS-
GLY H BH % v B 1
1L1.3  FEZ 5 Fa 2 BRI e N D) g T4 DNA
HEFE W Pfu DNA 285 i Tag DNA & & 1 0 B

Thermo 23 ) ; 3K 4 DNA $REfIERF & (A H) -
SanPrep £z DNA R8Ik 571 & ~ SanPrep #::{ PCR
P Al A R £ SanPrep A1 3K kKL DNA /) 5 il 42
WA A i T A R A A DNA Marker. &5
g R A bR AE N B T TaKaRa 2 w5 Ni-NTA
Agarose I H QIAGEN 72w ; % %5 % 9 2 3 ) & (4
L) T B g 2 2 A7 PR A\ 4 R R -
B % Wi 17 (pNP-Gle) - 4l H& 2% K= 3L B 1F
(pNP-Gal) \5-5-4 45 3453 D—=F- FL B 1F (X gal)
Je FAB A AT B F F i A T A3 BR 2 &) Al Sigma
Awl. TCH6H & PCR A, W T4 N 1 H BF 47
N DYY-6C B Wy A3 W T b st o8 — AU E )
ELx808 7Y g b5 A%, W - 5& 8 A1 5 JIiZ 4 2> W) ; MOS-
450 2[5 = PG W T E L BB A ] .
1L.1.4 SI¥EREBEMNFRS :th Bilg 4 T AR A
TE R
1.2 B4R bgIC EEMTRE

M4 GenBank rf X5 4d (1) 5E X /7 41 ¥ ib B iF 51
W) bglC _F: 5"-CATGAAGCTTCCATGGCAATGATCC
ACCAGCATCCAG-3" (% Wi YJ 7 i Hind TIT, % £& 3
53 Fl Neo 1, R} FEAKR4Y) » R 514 :bglC_R:5"CGC
GAATTCGATAAACTTTCTCCGTTTGTCTT 3" (& il 1)
£ £ EcoR 1, R 73 ) » LA Pfu DNA R &5 R AT &
fREC PCR 94 . PCR ¥ 44k MW Jm » 28 Hind 11T
A EcoR TiHAL G 55 pUCLO JFuRE % #5234 7 ) L e
W E. coli DHS o, HL %5 /™ W) i A 1 i ik B 77 2k I
37 C #5750 A0, P0G (0B ¥ B T B K BH PR vl B
PEIBH M v B 7 TR (fiy % 4 pUC /bglC) i U1 56 iE
I T Hh AN B
1.3 BS-GLY BY{RIMEH R T R & Wik

BL pUC/bglC Rk A BB, 2 % Kim 25 ™' 1
Jrik, g Sy PCR X B A= 28 bglC o Jk PR 1 47 B AL
KA, &L PCR 7244 Hind 111 F1 EcoR 1 Wik 5
L5 pUCTY 3% # #) 2 BE BL R A2 4K P, ¥ 4L E. coli
DHS oo BRI {5 5F E 4 BT S 10 B0 o, [ 1~ 42 M 31 5
200 wL/4L A 3h %5 3 5 I 5L 1K 96 T LAk, 37 C,
250 r/min K5 7% 10 h Ao A7, A B A A0 5E 5 L 1
ODgyo fl - BE J5, 45 AL P AN % Wi & 2k B2
1 mg/mL,37 C+250 r/min §% & 30 min, = & &
20 min 5 20 pL B3, NS ) — AN 180 pl (1)
pNP-Gal JER¥M ] 96 LA+ ,55 C Jx ¥ 10 min, [§f§ b5
PCFE OD 45 » OD 45 1 OD g (1 T2 K 58 [ -1 R Ay Jir




R TRAE R ZE AR B B T I 50 M R0k AR AR R 1) BE G S SRR /3 AR A 27 4 (2015) 55 (10) 1275

1FRA .
1.4 BSGLY iFSRERIBHAK

Ji ki pUC/bglC %4 Neco 1 1 EcoR T H AL G 5
pET28a &3z, #: 1k E. coli BL21 (DE3) . HkHL A 1
R E] 1.5 L) LB W R R R 0k (5 &K ¥
50 peg/mL (K AFEE2) 11,37 °C,220 r/min & T
BiFRE ODg, fHZ 0.6 7247, NN IPTG %2 283k Ji&
0.25 mmol /L 4% 42 15 9% 10 h. 5.0 £ W 18, &
pH7. 0% 50 mmol /L #f fR — & %l 2% 4 i (PB 2%
W) Ve, EADIIE . NN W2 LR E N
1 mg/mL, 4 °C i & 30 min, 8 J5 - 80 C ¥ i
30 min,37 C /KT8 fE Gk, A SRR 1 -2 AR
Hfgwk, Bofa RIS MM w . H Ni-NTA 3¢
FZMT A 4l 4k 40 BS-GLY, HARYE v T PB 220
T AT I 2 K s, 28 DB 0 B UK 4 49 40 I .
aifl J5 I WG A SDSPAGE & AT 4% I 5 % ¢,
Bradford 3% ts] X A W R AT B A BUE
1.5 HAMMRKTHOEREEMLER
1.5.1 JKEEFBRMEBINEFE:H 50 mmol /L 2 —
L 22 v (pHT. 0) i 1 5 F B-Fl 7 4 B CMC
B ZEHE IR e B2 Dy 2% A, HoAl 3K 1 I 1
WA 2 10 mmol /Lo HX 0. 1 mL i& * i B (1) 21
W I 242 5T AR ) 10 mmol /L pNP-Gal ] K
H,55 C KM 10 min J5, A 2.9 mL ) 1 mol/L
Na, CO; £ 1F [ N, W 5E 405 nm % KA BE4H » o
SEH pNP IR AR i o B A R TR S i R
W00 e 3 7 A (AR A i) A Dt A 1S ) O vk
iTe 38 A1 55 C, pHT. 0 W 51T 43 BhK fif
1 pwmol B=FFLHE 1 JEC 4 B 2B 7% 1 pumol = FLBE it
it B A 1 ANTE ) B .
1.5.2 BEWNEHMBENEFENEIE: U pNP-Gal
R W sE 20 — 80 °C 2 Ju) AR 7Y T 41 il ) 4R AL VS
B
1.5.3 pH W EHBENLFEREM: LI pNP-Gal
HEY) AE 55 C AT T W E pH 3 — 11 2 [a) By A=Y
A AEAG TS ) .
1.5.4 JR#iE: A5 55 C,pHT. 0 548K, il & % 2k
TR il 5 5% A g Xk % A B W RS A0 FA) AR RS A A
1.5.5 {&1kahh%: H 50 mmol /L B R — &0 h 28 o
W (pHT.0) ¥4 pNP-Gal F Bl < B J1F 43 7)) # % 2
0.1 -50.0 mmol/L 2 [8],55 °C & ¥ 5 min Ji7, M &
OD o5 i, VS RN W) E Vo R4l MM J5 F2 A

TSy B 41 BS-GLY [¥18)) J) % K¢ A » LB XU {5) £4 1F
BIER M4l K, K, 555450
1.5.6 #0030 5% LFLBE b A, B 2Lk i T s
76 5 mmol /L, 074 $ 1] 7] pNP-Gal [¥) 3 J5% , B 5T 1
&) 1 F AL
1.6 NativePAGE £ #f

Z % LB 175 %, i BS-GLY £ R4
WA T SERARSAE . %183 BSGLY 1%
ST BRATTHS T 1) 23 128 e AN A 4 M 2% v 1K) pHL B —
VR T. 5, WRAEBY B it o 10 mA /R, 4 B FY BE A
15 mA /e, vk 76 =3 R 347, Ik 45 s, B
B IR HAZ N 55 C TR 5 mmol /L 1) X-gal ¥
et 20 min, W52 G 405 L JI BB €4 J5 HEAT 25 5 3
L R250 Y HT
1.7 CD f&ig

ik S 10 S A T R 5% AR I 8 e SRGE T R R R
ZHEBE ARG WT 2 Mg HEE R 0.5 mg/mL,
4% h I R A X3 (190 = 250 nm) 3T 48 4h X 5
(250 —320 nm) X K 47T CD 6 1% 4 4. i 28 4k
XG4 0. 1 em YRS A7 5% bE (A L, 58 40 X ) 3%
AT em JefE A PE . LL 50 mmol /L iR &
TR A AT S A HE S AN i S L 3
PR 07 308, SR )3 Bk 2 s, SR
0.5 nm/s. H6EAM X B EE R R = C [91) F P8
B PR IR 150 26 T B A AN RS 1 o) 1 B 115 )
BT R AR R ) (0] FH B A4 1 BE R W I 0 5
AN ARGy F K43 T 4% 57000 15 B g S50
T (1 DICROPROT #£4 1) K2D ph 48 9 4% S 72 7
AT
1.8 BS-GLY W =#ZMEES 2

¥ BS-GLY ¥ & A i /¥ 41l 42 28 45 SWISS-
MODEL (http: / / swissmodel. expasy. org/interactive) , %
1 A A5 (Automated Mode) 374 B 2 fR AT B B4
T = S MR T SPDBVA. 07 2 A 5 25
FRFT B BH I ) — A S5 R AT G 4 R S0 A

2 HRMIS

2.1 bglC EAMFII4FIE

WP 25 B3R B B Dy AAE 5 2 AT B 168 &
DNA tr 4" J9 H 1434 bp ¥ bglC K&K Jv B, i A 2
pUCIY ik b, 4 14 (¥ B I 5L X e 51 5 i 1)
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Bl 5 A — 8. ST, 1% AT 2L R A
S KR B 76 AT B P JUREFE L Y 3k . BS-GLY
JE PR AR i T B 22 5 5 BB T 0 T 1 S
W, FL 85 0E N 5 80 (CAL, — f T T F50 000 py 9 3
B ) 2235 /K F) "R T bglA i beglH, % W] BS-GLY

) FRIE BT bglA A1 bglH, IX 15 CL AR IE 19 45 24 A
FFo ML E. coli fig T, BS-GLY [ % #% 1 fi 5%
FRH(CBIL S i 0 Y5 3 B8] 72 H 9 i 8 b 1 3Rk K
) T X WIAE T E. coli fid VAR WY £ 4R
i BS-GLY [#&ik i (£ 1) .

F1. HEFATE BHEEBEENEBFRE
Table 1. The codon bias of BS-GLY

Gene B. subtilis E. coli CC3s G
CAI CBI Fop CBI Fop
bglA 0.432 -0.034 0.374 0. 300 0.107 0.492 0.477 0.452
bglH 0.440 0.007 0. 386 0.291 0. 085 0.482 0. 469 0. 460
bglC 0.424 -0.015 0.373 0.247 0.017 0. 441 0. 385 0.432
2.2 W5 T 4R EE B i T S
MZJ 5000 A € B v e, PRER 192 A i 14 200— S
LB 1 S5 160 5 1) 96 B ALK AT 5 4T U 57— —
JEFE 3 A 0D, 1 OD o {15 Je 5 1 575 o 901 F 45 b— —

KRBV EANT A KRR, 5E B LA 3
AN GHE TR R R AR Ak A242T, T322A il S425L.
2.3 BS-GLY #i5 E 4t & SDSPAGE 73 #f

T A 2 S8 K 0, 0. 25 mmol /L f¥) IPTG 5
SR B T DA R s M A 1) Rk R A B oK. N
NS 5,37 °C,200 r/min 554K 8 h 4%
KRR GA B R K, 8 — 14 h 2 N Rk B I ARG
ANAR o K B 2SR B SR B S BT A 2l Ak, T ] i
29. 6% (1) 57 4= R AL B, SiAb 5 BOL B 15 f5. R/
TR ) G 5 (R AT 2 Rl A 1% 250 A T BT A i, 4l Dk
25.3% 1 13 £, X v] B2 th T8 B 1 o8 F 2 B b
ST G AT B 3.

a4k 5 g O Ak B8 e I 20 B2 SDS-PAGE 45
REAG — 4, K/hAE 57 - 58 kDa 2 0] (] 1),
bglC i [K] 2 L) 1) il 75 2F FO AT B B0 1 I 1) 2R 18 4y
TE K 55.1 kDa, fin b N 3 Bl 4 1) Met-Gly 1 C 3
BN 20 AN, BAL 4 T 5k 57.5 kDa, 1551
e 45 R AHAF o
2.4 HAMERTEHIMERMR

gy (18 2) , BS-GLY J& — Fh i i #4115 B-
PEF N o BY Al AR 45 - 65 C R # AT % m I 3%
1E 60 °C 76 A7 Ak 3% 2 B iy » 55 °C 45 1F T g 1) 3
W29 1.5 ho ARG ¥ 5508 fH A0 W B2 g A B R
55 C, Ml E N 3. 5 h Bl k. REG, 1§
1) e T A A ik R ARG AR e P R B SR B s TR

- W <55 kDa

45— ap
29— —
20— ‘

| —
14— - —
T— -

1. EAREFHATE pHEEBMNEQRIKAN
Figure 1. Protein electrophoresis of recombinant BS-GLY. M: protein
marker; 1: Crude extract; 2: Purified wildtype enzyme; 3: Purified

mutant enzyme.

Tl P i T A UL E g 0 P R A R AT % BS-GLY
()35 P TP AT A T 2 R SRR E I Y
it P BE AR B AT 0 A1 I A 2 TR TR 11 A Ak i
A HE 3 BUB AR GO ROR AR . FRAT] v B A B
(¥) BH 17 W 5 Kuo 252" W g o 5 55 25 0 FF 14
(Bacillus subtilis natto NTU-8) 1 57 [ 75 31| (1) A i #4
Bt T (YckE) F1 Suzuki Z5 PN FhH 7 AT 1
(Geobacillus kaustophilus HTA426) th 7o [ 45 31 ) i)
L BB TE I (GK3214) & 1157 41— Bvk 20 Mk
98% 1 T1% » SR 1My doe 3 e 32 il 2 B0 N 4% 3 GK3214.,
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2. REMTBFLEBMITIBHIM

Figure 2. Effect of temperature on the activity of wide-type and
mutant BS-GLY. The optimal temperature for the enzyme activity
was determined by assay at pH7. 0, with 10 mmol/L pNP-Gal as a

substrate.

By 4 Wiy 55 AR Il Y f 1E pH O #B 2 7.0, Horp B
A=Wl pH R 52 Pk 9 75 pHE — 10 30 [ 4 )
PREFRB s (B3) .

GH K& 1 1 B-¥s i — Mt R AR % MKW
T AN S Uk R oo 25 B T S B 2 B T Bt
FUWE TR R B0k ity BB 1 (¥ 10 o AN [6) B 1 0T 5T 87

"R BS-GLY LA K AR fig ot e AN HEAL i ko 45 R
P TR Ji T 6 TR -3 4] 2 RS ) B A e
73 S T BEAR B 7 g AN S8 AR g X Bt FLBE T i pN P~
Gal~ LB~ X-gal CHCHf R 1) 1) A7 AR & 1908 P X -
] 250 BT~ B R i RO T LA AT I A R AR 1t
LB X B %5 B 1 (Arbutin) 2 I H B 59 109 95 o8 1L
WEHES T3 2.

1004 —=— Wide-type Bs-gal X
1 —X— Mutant Bs-gal
804
X X
5 -
g 607 .
3 \x
L D
2
E 401
L [ ]
M L}
204 \
o X\
0 e L A — S
2 4 6 8 10 12

pH

3. pH 7 BF & B 0 58 TG AY 72 I

Figure 3. Effect of pH on the activity of wide-type BS-GLY and mutant
BS-GLY. The optimal pH for the enzyme activity was determined by
assay at 55 °C, with 10 mmol/L pNP-Gal as a substrate.

F2. HAEMESREHBYAR pHEHRMAEL

Table 2. Enzymatic activity with different glycosides as substrates

Specific activity (U/mg)

Substrates
Wild type enzyme Mutant enzyme
B-glucoside pNP-Glc 0. 008 0.013
Cellobiose 0. 046 0.036
Salicin 0.035 0.042
Arbutin 0.054 0.220
B-glucan 0.023 0. 030
CMC 0.030 0.023
B-galactoside pNP-Gal 9. 690 17.120
Lactose 5.190 7. 650
B— fructofuranoside Sucrose 0.033 0.032
a-glucoside Maltose 0.027 0.035

Abbreviations: pNP-Gal: p-nitrophenyl-3-D-galactopyranoside; pNP-Glc: p-nitrophenyl3-D—glucopyranoside; CMC: carboxymethyl cellulose.

2.5 BS-GLY HIzh 71 Z45H1E

AR I WX pNP-Gal 1) K AR B 55 B AR, % 51,
BB K5 M AN K AE6 K, #8  R m (O
*3) o RARJG NG5 B A B AH LL XS pNP-Gal LR
AE UL 1) M 1 200 % A A v Lo R R 110 AR AL
R 10 A5 DL Fo b S HE D, 5% AR B R 1) o A A

il PR 45 P R R B R PR AR A, K B IR A BE
P HFAERR AN SRAZ WS pNP-Gal AN FLHE A8 A R &
{1 P A ¥ 1 AR T P 1K) B ) S R A AT W G 2 5
S A g A AR g X pNP-Gal | K., %8 5§ FL Bk 1M
K, AMC T 300 MR SR 1 1 - Mg 1 i Ak L
i, BeATTIED B AR FLBE B IE A 5 BS-GLY {13 1
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VBT AL U 15 (B2 pNP-Gal 1) FU B 7 i
K LU FUBE 51 D) 1 2% TB BB — Il 5 ) v 1) A
SRS 5E » B IV RE 221K, B IV 3 A B iy s g 24 i X
pNP-Gal PR RCR B o AE o SR IR L I, B A Y

BS-GLY X U 8 1 2 4 A4 ik 3 1y 27 i) &
¥ A 24.3 mmol /L, 32 4% J5 ) BS-GLY W %} pNP-Gal
RIULEYANHIBLGE, 0] R £y 14. 3 mmol /L, f8 2R 17
KA )y

RI3 HEBMRTHBHANNFZFSHILR

Table 3. Comparison of the kinetic parameters of wide-type and mutant BS-GLY"

. K./ K.,/ K. /K.’ Behavior (at high substrate
Enzymes Substrates .
(min~") (mmol /L) [(mmol /L) ~' /min] concentration)
BS-GLY_WT" pNP-Gal 653.2 £10.0 0.431 £0.02 1515.5 Saturation
Lactose 151.3 £12.0 0.150 +0.05 1008. 7 Substrate inhibitionK; =24. 3 mmol/L
Arbutin ND° ND 2.3 Saturation
BS-GLY_M* pNP-Gal 803.8 +12.0 0.279 £0.02 2871. 4 Substrate inhibitionK; =14. 3 mmol/L
Lactose 201.2 £20.0 0.144 +0.05 1397.2 Saturation
Arbutin 2.7+0.2 0.267 £0.01 10. 1 Saturation
*: Values are the mean of three repeated trials with each substrate, and the error was below 10% b Wide-type BS-GLY;“: ND, not determined ; ¢ :
Mutant BS-GLY.
2.6 Fi¥ES pNP-Gal 915 %1435 600 -
BS-GLY HA7 55 1 8H 1 /K fift i 1 S AL R34IE W]
LA 71 2 B R -0 -4 IR 40 ) 24 10 mmol /L 3B A7 71 3001
- w - E -—
i) pNP-Gal 1) 3l )y 2% 32 90t 38 P2 40 6 Re ik o = —
T 400 —
- RIS | K, [ g ]
Hese g e sh ) 2 5 i — = — 2
vo V81K = 300 -
£
K, 1 S A7 5 A 0 2 £ 1 /
W X v 0y 5 — ' 7 =
BT o NSRS ARMAT S
N N S NS f w
gt 10,5 DX RN —FHE AL /
N ST N 100
et B2 N AT i ARSI o O S O K (T s
ARG G W 1 e, 5 T R R — &M il 0 —
100 200 300 400 500

PO E G E P0G o SR FLBE 5 pNP-Gal A H. 5%
Geaf B oy 5 W MRRN— K RWWEL (K 4),
S22 e 2 A BLE B R A L — A 0 5 2y
THANA S HIIXFE IS . ME— 1A 2 AR
& :BS-GLY BL2 A2 A LA AR R W 345 D 3% 1 2h
RESAT o VF2 500 1 VOB 1 /K A Bl 8 2 DL — SR A A
N Ty BE HAT o
2.7 Native-PAGE

AR G 8, 75 vk 45 21 1) 45 2R v WL, BS-GLY #£
RARAEARNE ST B DU SR AR T A7 £, JF DL —
FARIRA N o BS-GLY ¥ — 2 ¢ R DY 2% 44 #0 AT f
st (B S) 3K Ve GIE 7 T T 5% 4 4 400 16 25 SR 1) 4
s UL FRATT 0 — 20 HE Wl BS-GLY ¥ 3 A 1) fi 22 47
& TR AR. P Jeng %[22] R 18, k¥ T Clostridium
cellulovorans 1] B % ¥% 17l BglA (PDB:3ahx, 45 )
CUAR 55 BS-GLY AHABLE S5z v 1R 8 7 7K % ) 7F i
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Figure 4. The competitive inhibition of pNP-Gal on lactose.
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Figure 5. NativePAGE of BS-GLY. M: protein marker; 1: purified
BS-GLY, dyed by coomassie brilliant blue R250; 2: purified BS-
GLY, dyed by X-gal.
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Table 4. Secondary structure predictions by CD spectra

Secondary structure /% Aperiodic
Enzymes
a-helix B-sheet structure / %
BS-GLY_WT 0.30 0.17 0.53
BS-GLY_M 0.32 0. 14 0.54
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Figure 6. The CD spectra in the far-UV and near-UV regions of BS-GLY_WT and BS-GLY_M. CD spectra for BS-GLY_WT and
BS-GLY_M recorded in the far-UV (A) and near-UV (B) regions.
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Figure 7. Model structure of the BS-GLY and the positions of mutations. A: Shown is the secondary structure elements of BS-GLY.

B-sheets are represented as orange arrows, a-helices as blue spirals. The catalytic amino acids are represented in yellow, three

positive mutations are depicted in CPK coloring with carbon atoms in white, nitrogen atoms in blue, and oxygen atoms in red. B:

Glucose of substrate is colored in green, the catalytic amino acids in magenta, and the mutations in cyan. Distance between two

atoms shown by yellow short dash line.
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Figure 8. The change of hydrogen bond in BS-GLY around mutation. A: The hydrogen bonds of Ala242 before mutation. B: The
hydrogen bonds of Thi242 after mutation.
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Figure 9. Conformational changes of active site. A: The amino acids of mutant enzyme shown by blue ball and stick, and the amino
acids of wide-type enzyme shown by red ball and stick. Glucose of substrate is colored in green; B: The amino acids of mutant
enzyme shown by cyan line, and the amino acids of wide-type enzyme shown by red line. Yellow short dash line represents distance

between two atoms.
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Cloning, expression, directed evolution in vifro and structural
simulation of B-glycosidase from Bacillus subtilis
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Abstract: [Objective] To further study physiological functions and structure of B—glycosidase, we cloned the bglC gene of
Bacillus subtilis and expressed it in E. coli BL21 (DE3) , followed by the characterization and structural simulation of the
enzyme. [Methods] We amplified the bglC gene and transferred it into E. coli BL21 (DE3) , then we obtained a mutant
with higher hydrolytic activity by directed evolution. After purifying the enzymes through a nickel-nitrilotriacetic acid
agarose column, we characterized the wild-type and mutant enzymes. By means of CD spectrum, Native-PAGE and protein
3-D structure modeling, we analyzed the higher structure of the B-glycosidase. [Results] We got one mutant enzyme BS-
GLY_M1 (A242T/T385A/S425L) with improved hydrolytic activity by directed evolution and screening. The specific
activity of wild+ype enzyme was 9.7 U/mg, with optimum temperature at 60 C and optimum pH at 7.0. The specific
activity of BS-GLY_M1 was 17. 1U/mg, with optimum temperature at 55 °C and optimum pH at 7. 0. Moreover, the half-
life time of the mutant enzyme at 55 °C was 3.5 h, 2 h longer than that of wild<type enzyme. Furthermore, the catalytic
efficiency (K_ /K

obviously. The polymer forms of the enzyme under the native conditions were of dimer and tetramer, but the dimer was the

..) of BS-GLY _M1 on the substrates 4-nitrophenyl--galactoside, lactose, and arbutin improved
most probable functional unit. Result of structural simulation also showed slight changes occurred in the tertiary structure
of the mutant enzyme, which may be the main reason for the enhanced thermal stability and catalytic efficiency of BS-GLY
_M1. [Conclusion] B-glycosidase from Bacillus subtilis could be expressed in E. coli BL21 (DE3) , meanwhile its
hydrolysis efficiency could be further improved by directed evolution.

Keywords: heterologous expression, errorprone PCR, substrate specificity, CD spectrum, oligomer, structure modeling
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