1070

2 0 T OBO%¥ i
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn
DOI: 10.13345/j.cjb.150487

NER F/FPZEFESUBEXBITETHRARRERL

August 25, 2016, 32(8): 1070-1080
©2016 Chin J Biotech, All rights reserved

Tl H K

1 214122
2 214122

> > , 2016, 32(8): 1070-1080.

Liu JT, Wu J, Chen S. Expression and production optimization of sucrose isomerase from Pantoea dispersa in Escherichia
coli. Chin J Biotech, 2016, 32(8): 1070-1080.
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Escherichia coli BL21 (DE3) #3& ¥ 20 Z ik B #k——ORI B #k, ALK B S 605 Fo i0 9N BEE 25 %) 4 85 U/mL.
65 U/mL. AR RAE 5 IKF 4 5% 22 45 ZILBRAE A s A& & a9 AL 46, £ 3% PelB X OmpA 15 5 fkA 22 P22 A= 022
Bk, HF P22 AMABEEBRERGHE 138 UmL, & ORI AHEEE 1.6 12, W 022 AL B EBHE A
ORI HHMAA R Z5. KA 3.0 gL e93L#EHEF, P22 AMGEEFMIBELEHFTRGHE 168 UmL. £ 3L AH
Hep, B H R BRIRE AT 0 ) 2 B AR M B ik 69 Fm, S AN 0.5%H & B, DCW % 18 g/L (ODgy=30)
F465 5, P22 BAkeY ENE FMBEILINBEE R 515 1 981 U/mL, R EMEFMEELEEAT 2 640 UmL, &
CARE KM AT B & 20 KK B R A B 6 R 5 KT
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Expression and production optimization of sucrose
Isomerase from Pantoea dispersa in Escherichia coli
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Abstract: To improve the yield of sucrose isomerase from Pantoea dispersa UQ68J, we studied the effect of different
signal peptides and fermentation conditions on sucrose isomerase expression in Escherichia coli. The gene of sucrose
isomerase was optimized and expressed in E. coli BL21 (DE3) with native signal peptide which was named as ORI strain.
The total and extracellular enzyme activity was 85 and 65 U/mL in the flask, respectively. The mature protein, which
started from the 22th amino acid, was connected with the PelB and OmpA signal peptide to construct P22 and 022 strain,
respectively. The total activity of P22 reached 138 U/mL, which was 1.6 times of ORI strain. The total activity of 022
strain was similar to that of ORI strain. Induced by 3.0 g/L lactose, the total activity of P22 strain increased to 168 U/mL. In
3 L fermentor, the effects of glycine concentration and induction time were studied. Induction when the DCW reached
18 g/L (ODg(p=30), with 0.5% glycine, the extracellular enzyme activity reached 1 981 U/mL, and the total enzyme activity
reached 2 640 U/mL, which is the highest activity of sucrose isomerase that was expressed in recombinant E. coli.

Keywords: sucrose isomerase, signal peptides, fermentation optimization

(6-0-a-D- -D- ) NX-51% Erwinia sp. D12

1 Klebsiella pneumonia NK33-98-8!!%!
[1-2] Protaminobacter rubrum
CBS574.77MM Klebsiella sp.
Lx3! Serratia plymuthica

ATCC15928™! P. dispersa UQ68J!

[3-4]
65%-91% P. dispersa
UQ68J
91.0% 13l
(5]

[5-7] E. rhapontici NX-5™® Klebsiella sp.
Erwinia rhapontici Lx3" P, rubrum CBS574.77!")  E. rhapontici
NCPPB1578!"! E. rhapontici DSM 44841 Enterobacter sp.
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FMB-1!"7 K. pneumonia NK33-98-8!'"!
Klebsiella planticola UQ14S!""

1 MBEFE

15-654 U/mL
11 #H
654 U/mL [13:18] 1.11
Enterobacter sp. FMB-1 P.
Saccharomyces cerevisiae"”’ dispersa UQ68J (NCBI
Lactococcus lactis MG1363""! Accession Number AY223549.1
) (Generay )
Wu P. dispersa UQ68J pMD-18T E. coli
IM109 Nde [ Xhol
(1-33 )
pET-24a (+)
(4 E. coli JM109
P. dispersa UQ68J
E. coli BL21 (DE3) ORI ( 2
x1 EHRESKSY
Table 1 Primers used in changing signal peptides
Primer name Primer sequence (5'-3") Size (bp)
F22 CCCATGGCAAGCCCGCTGACCAAAC 25
F34 CATGCCATGGCAACCAATATTCAGAAAAGC 30
R22/34 CCGCTCGAGTTAATTCAGCTTATATATACCTGCCT 35
The underlined are the cleavage sites of restriction enzyme.
®2 MEREREERE
Table 2 The recombinant stains and the property
Strain name Signal peptide Start site of amino acid
ORI Native signal peptide
022 OmpA The 22th site of amino acid
034 OmpA The 34th site of amino acid
P22 PelB The 22th site of amino acid
P34 PelB The 34th site of amino acid

http://journals.im.ac.cn/cjben
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1.1.2
(
) (
) (
) ( Oxoid )
(Sigma )
113
LB (g/L) 10.0
5.0 NaCl 10.0
TB (g/L) 12.0
24.0 5.0 KH,P0O43H,0 2.3 K,HPO, 16.4
3L (g/L) (NH4),HPO,4 4.0
KH,PO4 -3H,0 13.5 ‘H,0 1.7 MgS040.8
1.0 2.0 8.0
10 mL/L pH 7.0

(/L)  AL(SO)y18H,0 2.0
C0S047H,0 0.75 H;B030.5 MnSO4H,0 14.6
Na;MoS0; 3.0 NiSO46H,0 2.5 ZnSO,7H,0 15.0

(g/L) 600.0 MgS049.0
4.8 2.4
20 g/L
1.14
( Bio-Rad
) Agilent 1 100 (
) (
) 3 L-Infors (
)
12 Fk
121
PelB 5'-ATGAAAT

ACCTGCTGCCGACCGCTGCTGCTGGTCTGCT
GCTCCTCGCTGCCCAGCCGGCGATGGCC-3'

® 010-64807509

OmpA 5'-ATGAAAAA

GACAGCTATCGCGATTGCAGTGGCACTGGC
TGGTTTCGCTACCGTAGCGCAGGCC-3" PelB

OmpA
pET-24a (+)
pET-24a (+) ATGG 4
Nco I
22
34 F22  F34
R22/34
P22 F22
R22/34
PCR 22
pMD18T-simple
E. coli IM109 Ncol Xhol
PelB pET-24a (+)
E. coli JIM109
E. coli BL21 (DE3)
P22 PCR
22
34
PelB  OmpA
pET-24a (+)
E. coli BL21 (DE3) P22 P34 022
034
1.2.2
LB
(
30 pg/mL 100 pg/mL)

37 C 200 r/min 8 h
5%

K cjb@im.ac.cn
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50 mL TB
30 pg/mL 37 C ODgpo=1.0
IPTG ( 0.1 mmol/L) 20 pL 5 uL
( 1.0 2.0 3.0 40 50 6.0g/L) 20 pL
25 C 8 uL
24 h ODgoo 2 pL
DCW ( ) (SDS-PAGE)
123 R-250
3L 10% 1.2.6
50 mmol/L  Na,HPOg4-
30 pg/mL 37 C DCW (pH 6.0) 100 uL
9 g/L (ODggo =15) 900 puL
37 C DCW 200 g/L 30 C
30 C 0.1 g/(L-h) 15 min HPLC
Syncronis Amino Column (Thermo)
pH 7.0 78%
(200-900 r/min) (1.5-4.0 L/min)
DO 30%
1.2.4 1 pmol
ODsoo
DCW 5 mL
10 000 r/min 15 min 2 %%E ‘ﬁ%
10 000 r/min 10 min 21 BHERKESROEESWIEEEEX
105 C I E P EAERIE
1.2.5 P. dispersa UQ68J
SDS-PAGE
81.6%
50 mmol/L  Na,HPOy4- 283 58
(pH 6.0) 10%o
ODgpp=5.0 1 mL (ODg0p=5.0)
20 min pET-24a (+)

E. coli BL21 (DE3) ORI

http://journals.im.ac.cn/cjben
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IPTG IPTG 0.1 mmol/L
IPTG
85 U/mL
65U/mL( 1) 0.l mmol/L IPTG
10 U/mL
4 U/mL SDS-PAGE
IPTG
IPTG
85 U/mL
( 20 U/mL)!'¥
65 U/mL
76.5%
ORI IPTG
P. dispersa

2.2 AEMES KN EE A EEE R
OmpA PelB
OmpA
a-CGTase!*!! exoglucanasem]

TEM-B-lactanase'*”

® 010-64807509

PelB 24 Ppectate lyase[zsl

Protein A-PhoA fusion protein'*®

OmpA PelB
Wu
34 [14]
SignalP 4.1
Server  predisi 22
SPEPLip  TatP 1.0 Server 34
-3 -1 — -1 -3
( 1 3 )
-1
Ala 27
21 33
Ala 19 31 Tyr
Pro -1
-3
22
34
22 34
OmpA PelB
pET-24a(+) E. coli
BL21 (DE3) 022 034
P22 P34 IPTG 24 h

1
ORI 022 034 P22 P34
85 88 53 138 92 U/mL

OmpA PelB 22
022 P22
034 P34 22
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Fig. 1 The fermentation results of strains without
IPTG after 24 h of culture. DCW (A), total sucrose
isomerase activity (B) and extracellular sucrose
isomerase activity (C).

PelB P22
138U/mL ORI 022
1.6 SDS-PAGE P22
P34 022 034
( 2 PelB

22

2.3 ABFZFUXMEEFOEHRIINEEMNS

i B 52
2.3.1
P22
(
4.0 g/L)
3.0gL
168 U/mL
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A

kDa
Sucrose 66
isomerase

43
B

kDa
SUCTOSE 66
isomerase

43
C

1 2 3 4 5 6 kDa

Sucrose 3‘— 66
isomerase .

- 43

B 2 BEHKAELE. BALEREAREYH
SDS-PAGE [l i

Fig. 2 SDS-PAGE analysis of fermentation
supernatant, intracellular supernatant and intracellular
insoluble protein. (A) Fermentation supernatant. (B)
Intracellular supernatant. (C) Intracellular insoluble
protein. 1: ORI strain; 2: P22 strain; 3: P34 strain; 4:
022 strain; 5: O34 strain; 6: marker.
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R Do RS} R 2! X3 172}
% 04§ 0! 5 RS X NN
R} o o R e X XN
X3 ool Y [%¢ &3 X o)
R} »0\ o R K % KX
9% o X3 % o o o -
KX P2 o R KX [ 954
%! 04\ B3 B3 0% % X
KX P2 o R KX % 954 =
0% K] B %, R ] o
0 JOBIN L RN BN L BN, L BN L BN L L BN, 0 9]

Lactose concentration (g/L)

3 PREAMKAEARREAHESTER24NNK
EELE R

Fig. 3 The fermentation results of P22 strain with
different concentration of lactose after 24 h of culture.
DCW (A), total sucrose isomerase activity (B) and
extracellular sucrose isomerase activity (C).
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Fig.4 The effect of different glycine concentrations
on extracellular sucrose isomerase activity (A), total
sucrose isomerase activity (B) and biomass (C).
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DCW 83.5 g/L

1.0%

(54.8%)
DCW 622 g/L DCW
77.1% 0.5%
2.3.3

[28]

[28-29]
DCW 30g/L 18 gL
9 g/L (ODgope=50 30  15)
1148

1981 1501 U/mL
( 5) DCW

3029 2654 1742 U/mL
30 g/L (ODﬁ()():SO)

37.9%
DCW 18 g/L (ODg=30)
74.6%
DCW 30 g/L (ODgo=50)
1.7 DCW 9 g/L (ODg=15)
(86.2%)
DCW 44.0 g/L
DCW 30 g/L (ODg=50)

(1981 U/mL)
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Fig. 5 The effect of different induction time on
extracellular sucrose isomerase activity (A), total
sucrose isomerase activity (B) and biomass (C).
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52.7% DCW 18 g/L (ODg=30)

0.5% DCW 18 g/L (ODg=30)
1 981 U/mL

(586 U/mL) 2.4

3 &
P. dispersa
PelB
22
3L
1 981 U/mL
2 640 U/mL
REFERENCES

[1] Low NH, Sporns P. Analysis and quantitation of

di-and
capillary gas chromatography. J Food Sci, 1988,
53(2): 558-561.

[2] Hamada S. Role of sweeteners in the etiology and

minor trisaccharides in honey using

prevention of dental caries. Pure Appl Chem,
2002, 74(7): 1293-1300.

[3] Lina BA, Jonker D, Kozianowski G. Isomaltulose
(Palatinose): a review of biological and
toxicological studies. Food Chem Toxicol, 2002,
40(10): 1375-1381.

[4] Godshall MA. How carbohydrates influence food
flavors. Food Technol, 1997, 51: 63-66.

[5] Tang WZ, Chen F, Li XZ. Advances in

® 010-64807509

(6]

[7]

(8]

[9]

[10]

(11]

[13]

isomaltulose production catalyzed by sucrose

isomerase. Microbiol China, 2012, 39(9):
1314-1322 (in Chinese).

, 2012, 39(9):
1314-1322.
Ravaud S, Watzlawick H, Haser R, et al.

Overexpression, purification, crystallization and
studies of  the
isomerase

preliminary  diffraction
Protaminobacter  rubrum
SmuA. Acta Crystallogr Sect F Struct Biol Cryst
Commun, 2006, 62(1): 74-76.

Cheetham PS. The extraction and mechanism of a

SucCrose

novel isomaltulose-synthesizing enzyme from
Erwinia rhapontici. Biochem J, 1984, 220(1):
213-220.

Ren B, Li S, Xu H, et al. Purification and
characterization of a highly selective sucrose
isomerase from Erwinia rhapontici NX-5.
Bioprocess Biosyst Eng, 2011, 34(5): 629-637.
Kawaguti HY, Sato HH. Characterization of a
glucosyltransferase from Erwinia sp. D12 and the
conversion of sucrose into isomaltulose by
immobilized cells. Biochem Eng J, 48: 211-217.
Aroonnual A, Nihira T, Seki T, et al. Role of
several key residues in the catalytic activity of
sucrose isomerase from Klebsiella pneumoniae
NK33-98-8. Enzyme Microb Technol, 2007,
40(5): 1221-1227.

Lee HC, Kim JH, Kim SY, et al. Isomaltose
production by modification of the
fructose-binding site on the basis of the predicted
structure of sucrose isomerase from
“Protaminobacter  rubrum”.  Appl
Microbiol, 2008, 74(16): 5183-5194.
Zhang D, Li X, Zhang LH. Isomaltulose synthase
from Klebsiella sp. strain LX3: gene cloning and

Environ

characterization and engineering of
thermostability. Appl Environ Microbiol, 2002,
68(6): 2676-2682.

Véronése T, Perlot P. Mechanism of sucrose
conversion by the sucrose isomerase of Serratia
plymuthica ATCC 15928. Microb

Technol, 1999, 24: 263-269.

Enzyme

K cjb@im.ac.cn



1080 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech August 25,2016 Vol.32 No.8

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Wu L, Birch RG. Characterization of the highly
efficient sucrose isomerase from Pantoea dispersa
UQ68J and cloning of the sucrose isomerase gene.
Appl Environ Microbiol, 2005, 71: 1581-1590.
Mu WM, Li WJ, Wang X, et al. Current studies on
sucrose isomerase and biological isomaltulose
production using sucrose isomerase. Appl
Microbiol Biotechnol, 2014, 98: 6569-6582.
Bornke F, Hajirezaei M, Sonnewald U. Cloning
and characterization of the gene cluster for
palatinose metabolism from the phytopathogenic
bacterium Erwinia rhapontici. J Bacteriol, 2001,
183:2425-2530.

Cha J, Jung JH, Park SE, et al. Molecular cloning
and functional characterization of a sucrose
isomerase (isomaltulose synthase) gene from
Enterobacter sp. FMB-1. J Appl Microbiol, 2009,
107(4): 1119-1130.

Cheng S, Duan XG, Wu J.

optimization of recombinant sucrose isomerase

Fermentation

and its application. Food Ferment Ind, 2015, 5:
41-47 (in Chinese).

, 2015, 5:
41-47.
Lee GY, Jung JH, Seo DH, et al. Isomaltulose
production via yeast surface display of sucrose
isomerase from Enterobacter sp. FMB-1 on
Saccharomyces cerevisiae. Bioresour Technol,
2011, 102(19): 9179-9184.
Park JY, Jung JH, Seo DH, et al. Microbial
production of palatinose through extracellular
expression of a isomerase from
Enterobacter sp. FMB-1 in Lactococcus lactis
MG1363. 2010, 101(22):
8828-8833.
Li B, Wu J, Chen J. The effects of signal peptide
on extracellular expression of CGTase from
Paenibacillus macerans in E. coli. Ind Microbiol,
2011, 41(3): 54-59 (in Chinese).

, 5 . a-

Sucrose

Bioresour Technol,

http://journals.im.ac.cn/cjben

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

. , 2011, 41(3): 54-59.
Lam TL, Wong RS, Wong WK. Enhancement of
extracellular production of a Cellulomonas fimi
exoglucanase in Escherichia coli by the reduction
of promoter strength. Enzyme Microb Technol,
1997, 20: 482-488.
Wan EW, Baneyx F. TolAIll co-expression
facilitates  the recovery of  periplasmic
recombinant proteins into the growth medium of
Escherichia coli. Protein Expr Purif, 1998, 14(1):
13-22.
Chen S, Li B, Hong, RY. The number of signal
peptide cleavage site is critical for extracellular
production of recombinant Thermobifida fusca
cutinase. Process Biochem, 2011, 46(9):
1867-1870.
Matsumoto T, Katsura D, Kondo A, et al. Efficient
secretory overexpression of Bacillus subtilis
pectate lyase in Escherichia coli and single-step
purification. Biochem Eng J, 2002, 12(3):
175-179.
Chowdhury PS, Kushwaha A, Abrol S, et al. An
expression system for secretion and purification of
a genetically engineered thermostable chimera of
protein A and alkaline phosphatase. Protein Expr
Purif, 1994, 5: 89-95.
Choi JH, Lee SY. Secretory and extracellular
production of recombinant
Escherichia coli.
2004, 64: 625-635.
Cheng J, Wu D, Chen S. High-level extracellular

production of

proteins
Appl Microbiol Biotechnol,

using

alpha-cyclodextrin
glycosyltransferase with recombinant Escherichia
coli BL21 (DE3). J Agric Food Chem, 2011,
59(8): 3797-3802.

Zou C, Duan XG, Wu J. Enhanced extracellular
production of recombinant Bacillus deramificans
pullulanase in Escherichia coli through induction
mode optimization and a glycine feeding strategy.
Bioresour Technol, 2014, 172: 174-179.

CRICHS BRa)



