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B E: KRR TMIES E2RE Leuconostoc mesenteroides ATCC 12291 44 A& #5 BB (Sucrose phosphorylase,
SPase) A A 4T % A F AL G 44 4B A 2| pET-28a F #y 3 & ik # 4k pET-28a-spase, #% -+ X M4 # Escherichia coli
BL21(DE3)/pET-28a-spase & ik 4|13 SPase LB, F &40 SPase 4bfb /o #tATBE % A AR, 4R AW, F4 SPase 9
YBgE 4 213.98 UImg, b iEdch 1.47 12, B =R & 87.80%. #BaRiER/A A 45°C, K& pH 4 6.5, %
Bt BB 49 K 4 128.8 mmol/L, Via 4 2.167 pmol/(mL-min), ke 39 237.86 min™, #|/f %41 SPase 1#1k £.A%
AR oa- R, RIRAH A ABRAmE A 40 g/L, BRI RER G BE R A 5:1, 41 SPase 250 U/mL. £ 25 mmol/L
#ehok LAEER (MES) £4%& (pH7.0) F, REi&RE 30 °C, #ARRM 24 h G4 LR, HF 500 U/mL 494544
B 40 C4 22 25h, o-f&R3F = F1& 98 g/L, A EIER 99%. & LATE, L F LEHFAR T Z4 SPase,
FE T HE - RRFAEFFOELM.
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optimization, and inserted into pET-28a plasmid to generate pET-28a-spase. The recombinant strain Escherichia coli BL21
(DE3)/pET-28a-spase was induced for Spase expression. The recombinant protein Spase was purified and characterized.
The specific enzyme activity of SPase was 213.98 U/mg, the purification ratio was 1.47-fold, and the enzyme activity
recovery rate was 87.80%. The optimal temperature and the optimal pH of the SPase were identified to be 45 °C and 6.5
respectively, and K, Vinax and kg 0f the SPase for sucrose was 128.8 mmol/L, 2.167 pmol/(mL-min), and 39 237.86 min~2.
The recombinant SPase was used for a-arbutin production from hydroquinone and the reaction process was evaluated. The
optimal conditions for synthesis of o-arbutin by SPase were 40 g/L hydroquinone, 5:1 molar ratio of sucrose and
hydroquinone, and 250 U/mL recombinant SPase at pH 7.0 and 30 °C for 24 h in the dark, and then 500 U/mL glucoamylase
was added at 40°C for 2.5 h. Under the optimized process, the yield of a-arbutin reached 98 g/L, and the hydroquinone
conversion rate was close to 99%. In summary, the recombinant SPase was cloned and characterized, and its application for

a-arbutin production was feasible.

Keywords: Leuconostoc mesenterides, sucrose phosphorylase, heterologous expression, enzymatic properties, a-arbutin

HERHATRILEY (EC2.4.1.7, Sucrose phosphorylase,
SPase) J& THHIL/KARRE 13 ZKik, MLIERE 5w
FRIA TR, R bR D-SBEA o-D- %5 -
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g B-sit 3 IE 2R I A AT, o BB SR A 3 i

&: 010-64807509

AR (BRI, DO A ) & AR
U L8 AR L BRI
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ONELFE
1.1.3 FERFEMBEH

LB £ 783, 5 /L BNy, 10 g/L A,
10 g/L NaCl, [ {48555 550 1.5%-2.0%3 A5 ¥
B FR R K IR Sl 121 °C, IFE]A 15 min,

TB#EFR5L: 24 g/l BEEERY, 12 g/l HE AR,
4 mL/L Hl, 231 g/lL KH,PO,, 16.43 g/L
KoHPO,-3H,0, i FRFE KR E R 121 °C, B[
>k 15 min,

1.2 F&
1.2.1  JBEBA SR TR O REE R IR 1L i 4R 2 BH Y T R
R RIRBAM B

SR AR B s Ok TR T A BB A 2R IS
L. mesenteroides ATCC 12291 %) B ik b fifg 3L
[H (GenBank % 55 . D90314) AR JI5 %5 1 1 fi 4
PEEAT LAk, A3 B, R WA B 7 5
Nco I . Xho T Jin s 4 (R Ak J5 0 e AR 636 2 0 g 32
DRI W, 36 1) 4 MER A BB AT BR S R B 5 21
spase.

R ELRBIAR A 5 HE spase Fl
PET-28a k4 FH FR il 14 P4 D) Nco 1 il Xho T XU
), YIS M Solution | 4%, RGHEAH
# & pET-28a-spase # A K W #F E. coli
BL21(DE3)h 5Kk, FEHUTTRL % 2 4 MER WA
A RAFNT
1.2.2 EAFREHRIBEHRE

A RARAE RAREE R U 100 pg/mL 1y
LB [k 773k B RIZR, PRI IR 95 B F D T 7% R I8
FEWE N 50 pg/mL 1 LB WkKE SR, T
37 °C. 200 r/min TR EEFRIG, & 1%EFEHEA
B RIREE 2 50 ng/mb B TB A8 77 5
H, F 37 °C. 200 r/min 535 2 [ % B ODgoo 155
0.6 i, IIAZHE K 0.5 mmol/L () IPTG 5 55|
F 25 °C. 200 r/min S 24 h J5 WA H K .

PR T 4 °C. 7000 r/min IR IR Y S0
ML ESG 15 min, WAERIA. A mBE, ik
FH 50 mmol/L K,HPO, /KH,PO, Z 1} (pH 6.5)
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Uk 2 R AR REAA . BRIl ar B A A 20 mL
BERRERZZ iR T I AR, AR FH R P IR AR TR AR
PRI T AR A] 2 s, [RIBKESHTA] 4 s, SaEsa]
60 min. KEBERRE UTAART 4 °C . 10 000 r/min K
TR B DAL T B0 30 min Wi dE b i Bk Eb i
PR Ak T A A o

1.2.3 EAFREBRIEE L R E N E

B S H His trap excel FE#E 52 FZT, 456
ZZ ik (20 mmol/L Na;HPO,-NaH,PO,, 0.5 mol/L
NaCl, pH7.0,) DL 1 mL/min ()38 alifb i,
Wi J ¥ A AR S BE IR Ak B ORL B v LA
0.5 mL/min Ji#k FAE, F RS E % kv i A 4
HE M. ARJEFHVERSZ ik (20 mmol/L Na;HPO,-
NaH,PO,4, 0.5 mol/L NaCl, pH 7.0, 500 mmol/L
WK A ) 1 Mo I Wi B 5 A EE A E R R R AL I A 2 5

T H Hitrap Desalting ¥ 2 Bkmg, -5 2% np i
(50 mmol/L K;HPO4/KH,PO,4, pH 6.5) LA 5 mL/min
P ST A A A AT, B R R AT WSO B Y R
PR AL A o AR R B, I P8 52 np i ok
W, AR SR A R AL Ay, IR
SDS-PAGE HiF .

il 5 0 A 2 BEOSCHR[16], AR SN T
WEFWEIR EL7E SPase ML T Ax b i 70 W - 1- B i
RSB, ROVARRUNTT : 5% 500 pL,
ZH RERE R RR 1L 50 pl, 50 mmol/L R £h 2% ik
(pH 6.5) 450 pL, 30 ‘CHEHA N 10 min J5, 37 EP
JA 1.5 mL DNS # /K% 15 min, 540 nm il g
WGAE, TR N AR ORI B (DA 3R
SRR, HA A AR,

B33 K i ERE AR R 1 umol 1Y SFBE T il
HEAE SOH RENE T R LB Y — IS TR (V).
Brandford 321 7H0 5 BT ) 45 G R R RIS
LU i ) kB2 v R A A B S ) o

HA P RIS 0 B M AT 5
2l SPase fidiihd B IMIE : K ELL SPase
ZE R E T 50 mmol/L B R £ 2% whik (pH 6.5)

A~ EL
5]

i

1.2.4
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TEARFERIRE (20-65 °C) FE /s , LABETS /1
= A 100%5%F E

B 2H SPase ficiti pH W2 - 78 il IR 45k
T, ¥ E 2 SPase 4l /£ A IF] pH (5.0-8.5) 11 i
MR N -TE R A B R T I E S, DL
1 N 100%5%T E

F 2 SPase i 8 F M K dadh i R Tt A2 P
FE . K5 E4 SPase 4L & T 50 mmol/L MR Lk
Ziohwk (pH 6.5) H, TEAFAIEEE (25-50 C)
AR 1 h, SRR AR X AR AR S o AR AR R
TtV 1 Tt 17 R 100% % AR

FEfE pH EIET, R Sl il S 7E s i
JE 45 CaJmin i, T 1 h e sk ARmE, LA
Kb PR VR PR TS SR 100% 5% |

21 SPase pH FaE MM € . H4H SPase 4fifif
WAE 30 C4MFF, 1 AH pH (5.0-8.0) AYMEAR S
TRN-TERR A g mR P ORI 1 h, SR e
AH R BR A o DL oR A PR A S R 100%
Xif B

F4 SPase &)@ B TR MIE : Kk S
4@ B P (KT, Mg?' . Na*., Ca®*. Co®*.
Fe**. Cu®. zn*. Ni*. Mn®") T B 5
B 20 min, JITA S%H R RS T K R B
AERGITT 10 min, Jf DNS gl St & &, 53
FRASTIG , DA N 4 8 700 7 1 i 0% Sk X B
T4 B 05 5 I 1R R X B AR TS

i 5 71 2% 2 500 R A el R IS pH
5T, PR R AR ZR v i 2 5k 2% v 1) ik
BE—E0, 4350 DA TR 4 ok B R RE S (50—
1 000 mmol/L), MMk 0.060 75 mg/mL, #E
iK% 5 min, JIA DNS # /K 15 min, & 4=
BB, MK RO BRI, T K Vinax
H Keato
125 BHAMEHRRUBERLER «BREN
Vi

OB AR A3 (HPLC) Kl 24 . Agilent

&: 010-64807509

1260 HPLC {4 {% ; Diamonsil C18(4.6 mmx
250 mm)kt; FEBHAH © oK FIEL D ZPR=95 : 5 1;
T3 : 0.5 mL/min; #Ei 30 C; &% K 282 nm,

T BE XA A Y o- RESR AT SN W52 4 5 g
HEWE 0.4 g AR , 200 U/mL BBl % 1k i 7E 10 mL
i 25 mmol/L MES Z& M , 73511 7E 25 “C .30 C .
37 'C. 40 ‘CHEYEIL 24 h, /K 5 min & 112
i, FHH 500 U/mL Hifk b 38 2.5 h (DABR & &R
&R BN R A R), WoKkE
5 min £ 1B, B0 R F HPLC 434724

pH XHEAL A B o-REER T SOV A ZM . K 5 g
REME . 0.4 g & . 200 U/mL FERE 0k iR 1L B 1
25 mmol/L fATR pH A9 MES ZZ i (6.0-8.0)
o, RN AR 10 mL, 30 CHEEY 24 h, W
K 5 min Zab g, BEALEGALRE 2.5 h, KA
5 min £ E SN, B0 A HPLC 438 = .

AR XA A Y o-BE ST SN AR -
5 g FERE, B S5 ANFH B SRR (10-50 g/L) .
200 U/mL FERE#E IR fLEETE 10 mL % 25 mmol/L
MES Z M (pH 7.0) 1, 30 CHENEZIN 24 h, il
KB 5 min Zab [, BEIEEEALFE 2.5 h, #KIH
5 min £ 1k, B0 JE F HPLC 434 =4

b2 1 H o XA S B o- BE R SN Y 52
M. KR (40 g/L) 430 SN RIVR BE RERE (RERE/
ARRMEERIE N 1:1,2:1,3:1,4:1.5:1,
6:1.7:1), 200 U/mL pEREBERR(LEGLE 10 mL )
25 mmol/L MES ZZm (pH 7.0) ', 30 ‘CiEE
N 24 h, K5 min &bV, LR B
2.5 h, WK 5 min 20k, B0 J5 H HPLC
G

T e XA B B o BRI RN RS2 -
ABR (40 g/L) SREME (REBE/ A EE R R
5:1), (100-350 U/mL) pEbEmEmRILAEE7E 10 mL
) 25 mmol/L MES ZZ & (pH 7.0) H, 30 ‘Cikk
S 24 h, WK 5 min Z ki, HEfLEgAL
2.5 h, WK 5 min Z 0k, 2.0 5 HPLC
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JR B XA A AR o-RESR AT B2 B &
M (40 o/L)5 EME (REME/ SRR EE /R L 51 1),
250 U/mL FEMEBERRfLEFZE 10 mL 9 25 mmol/L
MES 2tk (pH 7.0)H, 30 “CiEtS ), 40 4 h
R, K 5 min 20k g, BEALREEALRE 2.5 h,
WKW 5 min 2k, B0 FH HPLC 2kt
/B

2 BREMM

2.1 EHEESEBRLEERIA

B4 LK) spase JEH 5 pET-28a #hiAfE 1] %
12 5 A FE 45 3] 5 4H Fok7 pET-28a-spase, #{bZE K
¥ BL21 (DE3), My &45 RIEH, RIIKGIE
W E A, T 5 2 T A e BRI Y ek

B8 F 4 Tkl pET-28a-spase 14 H 20 1 Al &
25 3% pET-28a JE Ay 1) % BE B 40 Il 4% 1.2.2 1 )7 i3k
IR R, R ML 97 254 T SDS-PAGE 43
Br, B 4FH R 55 kDa, W& 1 frs, A
RN A 4 b3 e 55 kDa b4 1R BH Y 450
PO T A ENE B R AL I A T 3k

22 HHEEEHBRUEBRIEK
16 5 40 Jioki pET-28a-spase fY SPase 7 b i 4
T 6 4~ His #r%5, FIFER B2 aifb B
WA 1 s, o8 R A5 R RS 3 B — i 2R
AT LA B T RO B IR AL Y SE R R . A SCH B
W5 Dy 3 Fe AR 1.2.3 ) vk kAT, DL REAR
FRER AW o SEARASECRIES [ L3R 1,
2.3 EHFEEHBRCEOEESRS N
TGN pH X E 41 SPase i 92 ULIE 2.
H 4] SPase feidi UV IR Ky 45 C, ik pH 4&F

Fz 1 EH SPase Mk S IE
Table 1 Purification steps of recombinant SPase

7y 6.5 (Kl 2A-B). 4il#J¥ i 20 'CIJ+Z 45 C,
¢l SPase Ml E 2 W ke, MR R T 45 C, Bl
FIRE TS, BB N REE . EiE
pH 44 F, IIEHE4H SPase G EME, MiRE
ANET 40 CHf, FE4H SPase (1% T #S LR E
BT AN AR EE T 1 h A RE R F 95% Lk EYTE J7,
MR BT 40 CUa, BT I 2R T R, MR AR
F] 50 CJi, =4 SPase 1§ J1JLFikk (M 2C),
W22 Bl R T B Az, Ry 3.9 h (A
2D)., H4H SPase 7E pH 5.0 & pH 7.5 &ifaE,
XIER A WG AE 60%L) I, 4 pH & F 7.5 )5, BHE
J1iR# TR (K 2E),

A& E THE (K. Mg* . Na“, Ca*,
Co** . Fe**. Ccu®". zn®" . Ni*. Mn*") X} @4 SPase
M MmEs SR a3 2. M4 )83 FHRE R 1 mmol/L
i, Co?* . Fe**Xt & 41 SPase A G /EF, X Cu®* .
Ni* . M? A IR - 244 )8 35 T4 % 5 mmol/L

kDa

1 EHFEEHEZLESR SDS-PAGE 44

Fig. 1 SDS-PAGE analysis of recombinant sucrose
phosphorylase. M: marker; 0: control; 1,2: crude enzyme;
3: purified SPase.

Purification steps Total protein (mg) Total activity(U) Specific activity(U/mg) Purified fold Recovery rate (%)
Rude enzyme 22.40 3253.70 145.25 1.00 100.00
Ni-Affinity 13.35 2 856.60 213.98 1.47 87.80
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i, Co*. Fe**Xfd@ 2l SPase A FEA MIHIEM, H1 GraphPad Prism S 4H4E K] 43 B Al 15/ 5 /1
Cu®". Zn®*, Ni*. Mn* X} E 4 SPase ARZIMHN 2% (I 3) Viax N 2.167 pmol/(mL-min), K,
il 7 128.8 mmol/L, ke A 39 237.86 min™',
A B C
~100¢ _ 100} S100p e—s—2
> £ z2
= 8ok =80} z 801
= = 2
g o0 S e0f Rl
2 40l 2 Z 40}
k= 40 F 40t LS
& 20t & 2 20t
20 =
200 30 40 30 60 70 4550556065 7.0 7.5 8.0 85 9.0 25 30 35 40 45 50
Temperature (°C) pll Temperature (°C)
D E
100 100 F
— S
£ T 80 F
2 E —F
% :;é 60
= 60 ]
o] =]
S 3 40t
5 40 o
5 &
z E 20}
= ]
5 20 e
:ﬁ ]
0 [ 1 1 1 1 1 1 J
9 45 50 55 60 65 70 75 80 85

pll

2 BEF pH X ELR SPase B iE YR
Fig. 2 Effect of temperature and pH on recombinant SPase activity. (A) Optimum temperature. (B) Optimum pH. (C)
Relative residual activity at different temperature for 1 h. (D) The half-lives (ty,) at 45 °C. (E) pH stability.

*2 TRAEEBTHMEEERZIE

Table 2 Effect of different metal ions on enzyme activity

Metal ions (1 mmol/L) Relative activity (%) Metal ions (5 mmol/L) Relative activity (%)
Control 100 Control 100

K* 100.22+3.16 K* 100.26+7.64
Mg? 99.75+8.46 Mg? 100.32+2.80
Na* 99.72+8.31 Na* 98.73+4.79
Ca? 98.94+8.38 Ca* 47.40+3.76
Co?* 121.52+11.71 Co?* 72.28+1.63
Fe3* 131.10+10.19 Fe3* 91.84+6.77
cu®* 46.71+4.52 Ccu?* =

zZn? 102.83+4.88 zZn? =

Ni* 78.20+6.48 Ni* =

Mn?* 84.89+9.21 Mn? =

indicates undetectable enzyme activity.
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Fig. 3 Kinetics of transglycosylation of sucrose by recombinant SPase. (A) Michaelis-menten equation. (B) Double reciprocal plot.

24 EEFEMEHRLVBELCER o-EBREDN
8k

I ) E2H SPase #EAL & il a-BEIRTE,
TERGE SN 45 R 5 AL AR FE 2.5 h DIBR A
MR 22 2RI RN, R AR Ib % . I m Rl
AR TR o- BE SR AT AR A % = o
2.4.1 REEXTHEIA B o-BESRT SN I EE 1A

h T E B4 SPase HEALA N a- BESR T RN
() R I, BRSO T O TR B XA A R o-RE 2R
R A5 (K] 4). 7F 30-35 CHY, a-AERAT
FIF R, YR N 45 CF, K R LB
W, A B AL BUA B LR A o-AE
T AR R 2O e Ak SO J5cad i ok 30 °C

100 11008
90 i 190 g
EXT 170 &
= L E =
2 60} 160 2
5 s0f 150 i
Z 40 140 &
5 L 1 ]
< 30 - 1 30 Z
=2 L ——Yicld of a-arbutin b ®
- 20 - ——kCOanersion rate of hydrogquinone 1 20 5
10 r 7] 10 z

0 ! . I . I L I N L 0 <

25 30 35 40 45 “

Temperature (°C)

4 BEMELEN «-BRERNFIE
Fig. 4 Effect of temperature on the catalytic synthesis
of a-arbutin.
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2.4.2  pH XHELAE R o-BEFH RN A A
T B2 SPase LA A o-RE SR S
B s pH, AF5E T EASTA] pH 2% i 8.4 SPase
LG Y a-BER I & (8] 5). 7E pH 6.5-7.5
Y N g, o BE SR T A 77 & Lh A7, pH 7.0
kS el pH fEL
2.4.3 SR EXEALE R o-BERF RN
T B2 SPase LA A o-RE SR S
P R i ARV B, SR T S ) SRR R B XA
B a-BESRAT SO B (K] 6). a- AR ™ 5 bl
o AR AV B3 B T . YR AR R R
PV B LE BRI B L T, AR M % AL 2 L T8 3|

100 - T8
90 - 19 £
J 80¢ 1802
= T0r 170
EEUs 100 Z
5 50¢ 130 5
S 40f 4o =
S 30t 130
= 20l Yield of q-arbutin 120 5
B2 L --a- Conversion rate of hydroquinone 1 4
10r 110 =
0 1 L 1 L 1 N 1 . I 0 =4
60 65 70 75 80 ~

pH

5 pHXELEN o-FEREF RSN
Fig. 5 Effect of pH on the catalytic synthesis of
a-arbutin.
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20 30 40 50
Cencentration of hydroquinone (g/1.}

i g

100 1100
L 90f 190 &
\Tﬁ]J 80 - 180 5:3"
z 70} 170 g
= — v
2 60f 160 =
g 501 130 %
S 40f 140 2
= 30 430 ¢
= ol Jao 2
£ 20T a Yield of g-arbutin 10 g
10| o Conversion rate of hydroquinone 110 =

0 1 I N ! X I R L 0 =2

10 ~

6 SERREXELSK o-BREREMIFIME

PESAVIE T, AR BERTRRE LR R
SPENRBE R, AR TR FrEk, R
FHBEBE/ SRR LB 5 © 1,
245 fMEEEX LS o- SRR RN KM
FEREAL AT USRS I £ 4 T B X S
SOy E B, TN R (SN R A
SHOTEAE, M RE LSRR, R
TR X o- RRERTT R BRI, ZEIRANIA
8 Frn . SR 250 U/mL B A S f g i
2.4.6  [BLA EIXTHEAL A AR o-BRIH HISE IR
1E BB SR AEE T, WFFE SN N [ 3 7

Fig. 6 Effect of hydroguinone concentration on the
catalytic synthesis of a-arbutin.

100%, Fifi 5 Sl v HE 3G o, SRR AR 3E A 5 i T e
AR N E] 40 g/L I, S AL AATHTE 90% A A
HAPRAE PR, SRR TR . S T
il o- AR ™ 1 M SR % AL R AT GRS 1 LU R Y
K-, PRI A S A 25 PP R O 40 gL
244 BERAELHIMELE R o- BBRH DL IH
N T e SPase LS AL o-AEARAT S
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Fig. 9 Effect of reaction time on the catalytic synthesis
of a-arbutin.
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Table 3 Comparison of a-arbutin synthesis by different methods in recent years

Methods Donor and Concentration of Donor: Acceptor Conversion  Product Reference
acceptor HQ (g/L) ratio rate (%) amount (g/L)

Enzyme (SPase) Sucrose and HQ  40.0 4:1 91.0 90.0 [18]

Enzyme (GGTase) Maltodextrin and 8.0 6:1 25.0 7.9 [18]
HQ

Enzyme Maltose and HQ 5.5 30:1 4.6 0.6 [20]

(0-Glucosidase)

Enzyme Sucrose and HQ 2.6 10:1 90.0 - [13]

(amylosucrase) 2

Whole-cell Sucrose and HQ - 2:1 93.7 38.2 [21]

(Xanthomonas

BT-112)

Whole-cell Sucrose and HQ 3.3 40:1° 95.0 83.3 [22]

(Recombinant E. coli

with amylosucrase)

This study Sucrose and HQ  40.0 5:1 99.0 97.9

 Molar conversion yield.

PA batch-feeding catalysis method (supplement HQ to 30 mmol/L, and sucrose to 1.2 mol/L).

- : not mentioned in the references.
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