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Whole-cell biosynthesis of 2-O-a-D-glu-copyranosyl-sn-glycerol
by recombinant Bacillus subtilis

Peifeng Duan, Jiajia You, Meijuan Xu, Taowei Yang, Minglong Shao, Xian Zhang, and
Zhiming Rao

Key Laboratory of Industrial Biotechnology of Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi 214122,
Jiangsu, China

Abstract:  2-O-a-D-glu-copyranosyl-sn-glycerol is a high value-added product with prospective application in food,
cosmetics, health products and pharmaceutical industries. However, industrial scale of 2-O-a-D-glu-copyranosyl-sn-glycerol
has not yet been applied in China, and there are few related reports on 2-O-a-D-glu-copyranosyl-sn-glycerol synthesis. The purpose
of this experiment is to develop a method for catalyzing the synthesis of food-grade 2-O-a-D-glu-copyranosyl-sn-glycerol using
whole cells of “Generally Recognized as Safe” (GRAS) recombinant Bacillus subtilis. In our work, a recombinant B. subtilis
168/pMAS5-gtfA that heterologously expressing Leuconostoc mesenteroides sucrose phosphorylase was constructed and used as
a whole-cell catalyst to synthesize 2-O-a-D-glu-copyranosyl-sn-glycerol. Optimizing the culture temperature, time and whole
cell transformation conditions has increased the yield of 2-O-a-D-glu-copyranosyl-sn-glycerol. The results showed that
1.43 U/mL of sucrose phosphorylase was achieved in B. subtilis 168/pMA5-gtfA after culturing for 20 h at 30 °C in
fermentation medium. The highest conversion rate reached 75.1%, and the yield of 2-O-a-D-glu-copyranosyl-sn-glycerol was
189.3 g/L with an average transformation rate of 15.6 mmol/(L-h) after 48 hours whole-cell transformation with the sucrose
concentration of 1 mol/L and the glycerol concentration of 2.5 mol/L at 30 °C, ODggo 40 and pH 7.0. This is the highest yield
of 2-0-a-D-glu-copyranosyl-sn-glycerol synthesized catalytically by recombinant B. subtilis that was ever reported, and this
study provides the theoretical and experimental basis for the industrial production and application of 2-O-a-D-glu-
copyranosyl-sn-glycerol.

Keywords:
catalysis

2-0O-a-D-glu-copyranosyl-sn-glycerol, heterologous expression, Bacillus subtilis, sucrose phosphorylase, whole cell

2-O-o-D-H i #jHiH (2-0-a-D-glu-copyranosyl-
sn-glycerol) J&— i — B R AN — > T il Ak
T T 2R R Y, A RA 2t
7E, FERRAET W AN A R e o A, &
S B R R AE A sy PR v A A R RO A A Y
R EEIEIE RS BAN, 5 H AR btk B
A SRSy 2-0-a-D-Him i E", 2-0-0-D-H
TR0 AR P IR B DR VR, S A A A e B
B REEIMRE T AR AT I, ERETEL
J ZR AR BRI L, DA A B35 1k 2 1 o 4 78
P, JeiE®, I, 2-O-o-D-H AT AT 4R R
MBI R E R, gesh, I AR |
IR AR PR R 55, 2-O-0-D-H M AT 5 Bl /E AL
Mo b JEORE, DU w5 B2 K A9 R OR ) 2-0-a-D-

% : 010-64807509

b A I P LA Shy el DI S e e R R A
nE et I, 2-0-a-D-H i 7E AL ik
A, EDAh . BEZGUTA e g U A ek o 4 2 R
SRR, BAA T A N AT S s (H A H A,
5= Bitop AG A AlJEME——FAE Tl BUEL |52
BT 2-O-a-D-H b g r 2L 9 28 w0 T py
KT 2-O-a-D-H AW 1 M AE AT b T2
R B .

2-O-a-D-H il @M AT ZF G oy =, 32
RSB R . A B A A )
Pk A B P 4 o o TR AE 22 Bl ) 2 S A,
W 2Haifl, 2-0-0-D-HIMERE T = R8ML, T2
52 200 R Tl ER MU i E
SRR I 28 35 DR s S 1) A A TR S A A b

. cjb@im.ac.cn



1920 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244  Chin J Biotech

AT IO EEM G M 2-0-0-D- T i i B
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BIAF b2 s kA AR A BR A FD
1.1.3 BEHpE

LB 5950k, Eebkky 59/, EEAM 10g/L, &
k4 10 /L.

KRR FRIL . W% 60 g/L, BEEERY 20 /L,
B 20 9/L, LKAHIREE 29/L, JKRE 39/L,
iR A 5 o/lL, BERRE M 5 g/L, BFREF
0.143 g/L, FriERREH 5 g/L; pH 7.0-7.2,

2-0-a-D-glu-copyranosyl-sn-glycerol

Glucose

Fig. 1 Synthesis of 2-O-a-D-glu-copyranosyl-sn-glycerol catalyzed by sucrose phosphorylase!®!.
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1.2 FH&
1.21 Bkt

WL NCBI £4s B 4845 g hth iz 5 FH 5o B 71 7
WEBERR LG JE P51, SRS BRI 5,
A BT RIIEE 51, P92 0% 1.
122 MWEEHRIENK

DL F BB AR R ORI gtfA O R A,
pET-28a-SP-F F1 pET-28a-SP-R 5 |#J, PCR #" 1,
JFH BamH I 1 Xho I B§YIFk: pET-28a, H& I
1A PCR 774 Je F [a) 5 2 430 itk A 7 3%
., SRIEH R LA E. coli BL21 SRz A4
L, AR N 50 pg/mL RAREEZE M LB Hitk P
Mt 3555, PRECSAYESE AL+, 3% I8N G MER AR )
PR AT B /IO, 200 )% 166, B EE 2 5 AR
E. coli BL21/pET-28a-gtfA ##:2h. LKL gtfA
MM, pMAS-SP-F #il pMA5-SP-R 5[4, PCR
P4, F£4 BamH T 1 Nhe T I ks pMAS, %
MUl =95 PCR y=#) 4 Wi 8 41 iE 5 # b A
E. coli BL21 Az 400, WRAME R 100 pg/mL
RONHERN LB YUt PR G 77 , Pkt )y i
BT AR, SRR pMASB-gtfA, %41k %) B. subtilis 168
JEZ AU, TRAT IR R 50 pg/mL RAREEZE 1 LB
Utk A 8 5%, SRR AL 7, 204
MER A R AT BR A FII) Y, A D) EAR, RIEE
ZH Bk B. subtilis 168/pMAB5-gtfA ¥y 3.
1.2.3 Spase ZE R H R IAFn4lifh

PEE A E. coli BL21/pET-28a-gtfA F 10 mL
LB ¥;3a5Emr, 37 CHEE 11-12 h 5, LA 3% (V/IV)
PEERN R AL E 100 mL LB £5355L, 3535 % ODgoo
ik 0.8-1.0 B, WA IPTG #ES)5, 25 Clis
11-12 h, BEOWUERRER, 220 ET7 G TS

x1 AARPERRISY
Table 1 Primers used in this study

N R0 A (1 =9 N5 T = B = L Bl Sl
o FPHBEERA 0.2 pm SRR BEAL P, 28 Ni-NTA
SERFELlAL 5 IS SPase 4ifif, I E HiE AL R
1.2.4 Spase ZEREZFAM A HIRIE

Pk ZH T B. subtilis 168/pMA5-gtfA T 10 mL
LB BigeHkrh, 37 CHiFE 11-12 h J5, DL 2% (VIV)
PR R4 100 mL RS, 30 CHEFE
20 h J5 B0 R TRAA , B8 7 i R )5 81T SDS-PAGE
30T o
1.25 MHENE

FETEIERZ N 1 mL, HARERE 0.4 mol/L,
T 1 mol/L, MES Z i (pH 7.0) 50 mmol/L,
50 pg 4lifif, 35 °C R 30 min, i 10 min £
WS o BT 0.2 um B g, RS i
#1 HPLC 460 o 4630 4549 %) Agilent Hi-Plex Ca
REH:, RID KEs , BB KVERL s, 11 85 °C,
W 0.6 mL/min, fETE XK 1 min 4
1 umol 2-O-a-D-H il #H 1F T 75 BB R 1 -1
AL (U)o
1.26 EEAYECGE IR E

BB VAR R BI#E 20 'C L 25 *C, 30 C.
35°C., 40 'C. 45 °C. 50 ‘C. 55 CHy&M FillE
Tl , 6 SN P SR I L I R R 4
100%% HE .
1.27 EERIEIE pH BIME

PRV AR R 2 e pH 4.0, 5.0, 6.0, 7.0,
8.0. 9.0, 10.0 A& I BRI, ff i S VL 1)
il pH, WEEEE R4l 100%%) B, Horp
SFRIRI A 22 WA R AT RR- A IR AN Z2 v (pH
4.0-6.0). MES & (pH 6.0-8.0)FI T & R-A 4
A4 2% il (pH 8.0-10.0).

Primer name Primer sequence (5'-3’) Size (bp)
pET-28a-SP-F TGGTGGTGGTGGTGCTCGAGATGGAAATTCAAAATAAAGCAA 42
pET-28a-SP-R AGCAAATGGGTCGCGGATCCTTACAATTGTTGCTTATCAGCT 42
pMAS-SP-F AAGTGAAATCAGGGGGATCCATGGAAATTCAAAATAAAGCA 41
pPMAS5-SP-R CTGGTACGTACCAAGCTAGCTTACAATTGTTGCTTATCAGCT 42

The italic sequences are the restriction enzyme cutting sites.
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S FIEEL 56 kDa 3 B # kA I i A 1%
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SRR A4k 5 i EE 2 AR 1R R I B A B
— kA1, X RWIFE gtfA 76 KA HFF B i 2k .
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B2 gtf ABREWEE (A). RIERENLSH (B)

Bl 3A Fs, BERYEERNREE S 35 C, TE
20-45 “Cz [A) B AT B R W06 7, 240 B A
45 “CH, FNG S - 0h s R [ o B 5T IR X SPase
FREER R, 450 0LE 3B, ATLIFEH, SPase
7 30 “C . 35 ‘CH# 120 min J5 (ER A BETE S14T49K
=T 80%, TfifE 45 CHRI 80 min J& iy 5% A G
TR, X FEELE 30-35 CI B A 34
R E P o
2.2.2 pH X} SPase BHE 1 FIAS & M AR

TEARIE pH TE SPase MMEE 11, 45590
Kl 4A. FTLVE Y, WA Bad S pH o4 7.0, 7E pH
AbF 6.0-8.0 Z [aIHf HA B m BiG 77, BF9E pH XF
SPase faE Ry, 45 UL 4B, SPase 7 pH
6.0-7.0 ~FREF 2 h J5 BBR ARG J11757E 90%L) |,
FHHAE I pH JEFEINA B AR E P .

2.3 SPase M EF AT EPHIRIE

ity B 2 AT TR A R — R B A )
wAN, AT A R S A AR e,
KTt K 2-O-o-D- T8 #8HE TG IR 4 20 i A= ) A
M7 o Fi IR 1.2.2 T v b AR R R AT
I B. subtilis 168/pMA5-gtfA, I A& i i o A
6%, SDS-PAGE /r#r4i SR UKl 5 Fin, S
W BE FIETEL) 56 kDa k/IMib 3k A i i 19 &
sk, BIRHH SPase 7F 75 3 B. subtilis 168 H1 %Ll
#ik,

Fig. 2 The result of gtfA gene cloning (A), expression and purification (B). (A) Lane M: DL 10 000 marker; lane 1-2:
Gene gtfA. (B) lane M: protein marker; lane 1: E. coli BL21/pET-28a crude enzyme; lane 2: E. coli BL21/pET-28a-gtfA

crude enzyme; lane 3: purified SPase.
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Fig. 3 Optimal temperature (A) and the temperature stability (B) of SPase.
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Fig. 5 Expression of SPase in B. subtilis. M: protein
marker; lane 1: B. subtilis 168/pMA5 crude enzyme; lane
2: B. subtilis 168/pMA5-gtfA crude enzyme; lane 3:
B. subtilis 168/pMA5-gtfA fermentation broth.
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B. subtilis 168/pMA5-gtfA, %545 100 mL K2R 57
¥, RIE20°C, 25°C, 30 C, 35 CAHI40 CF
BE3% 16 h e, W TR MR T IS 00 . A5
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PR A0 R R A T S D o 25 R R (K] 6B), 537
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HHm A R, R VIR EE S 30 C, B
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7.5.8.0. 8.5, 9.0 BAAMT 474 M 5% AL S
gESLNE 7B Fi, fE pH/NT 7.0 BF, R (L
R pH AT, 7€ pH 6.5-7.5 B, j=EK
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Fig. 6 Influence of culture temperature (A) and time (B) on SPase expression in Bacillus subtilis.
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