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Expression of D—Psicose 3—Epimerase in Bacillus subtilis

JIA Min'*, MU Wanmeng', ZHANG Tao', JIANG Bo™
(1. State Key Laboratory of Food Science and Technology, Jiangnan University , Wuxi 214122, China ;2. School of
Food Science and Technology , Jiangnan University , Wuxi 214122, China)

Abstract: The D —psicose 3 —epimerase gene was amplified through PCR and ligated with the
expression vector pMAS of Bacillus subtilis ,forming the recombinant plasmid pMAS5 —cbdpe. The
recombinant plasmid was then transformed into B. subtilis WB800,and a recombinant strain was
acquired through resistance screening of Kanamycin and PCR identification method. The enzyme
activity of recombinant D—psicose 3—epimerase could reach 6.8 U/mL after 18 h fermentation. The
recombinant D—psicose 3—epimerase expressed in B. subtilis exhibited optimal activity at pH 7.0.
And the optimal temperature was 55 °C. It showed the same enzyme characterization as the D—
psicose 3 —epimerase expressed in Escherichia coli. This result indicated that the D —psicose 3 -
epimerase gene was successfully expressed in B. subtilis.
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recombinant plasmid pMAS5-cbdpe
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Fig. 4 PCR identification of recombinant B. subtilis

23 HEFANAREAENREREHETE

i L 2 AR TR B A 2 R R 3R BB R i AT
SDS-PAGE LK $IE 7R , £ 34 000 2247 HH 3L HH
RIKEAR W5, X5 KA E £ L DPE A X
O3 ¥ R — B, R WIZ R 2 F AT 1 T SE 3 DPE 1
ik AR ULTEE BV PTARAS A, T4 5 BT
PSR Wby, T D—Fa] 38 BDa i) 28 7 3 f BRAL R 4R

AR T B AR (R

It B0 2F R AT R A TR AR B subtilis 168, 3
17 DPE [ ik 0F ,PCR % % H 41 7 42 & DPE 3%
HWiE, KEER R A EA WA RS (S5RELD
7R )5 TR R B R R 0 15 328 B. subtilis
WBS00 {1 A 1 3 B 1S, T 7T e B A4 o 4G 0 81 it 0%
A fE S i T 3 B 0 2R 1 0T R R I 3K 19 DPE
HAEA, FEFH B. subilis 168 ik DPE A
RS U 21 S

—99 700
—66 400

- —44300

—29 000

—20 100

. —14300

M. 2 1 marker; 1: &% 18 h WA ;2. & B 12 h ik
& 5 SDS-PAGE E
Fig. 5 SDS-PAGE profiles

Sk K 00 EEZH B 7 DPE il ) 5 A7 O A ) &
R ) [B) 1 R R S DS WV WA 3 2 T R AT
JCR 05 AN [R) B[] % B2V DPE it 36 B i A A otk
B, WL 6, TEXTECT S, R 16~24 h i JiEE 15
F 5w, N 6.8 U /mL, & T KIFFH IPTG i 5 %
KB (29 3.5 U/mL)M, W2 TR Bk 7T 3R B A0 XS
B IG PE) DPE i

T ek 8

6l —* DPERGHHE 7

6

5.

g4 SE
Qc3. 4@

I 2

Ir 1

or 0

0 5 10 15 20 25 30 35 40
ST ]/

B 6 EAMEFMATELB ML

Fig. 6 Curve of enzyme activity of recombinant B. subtilis
XF T DPE B9 Tolk A A7, RIGAT I R 5 1
DPE fifg /e Tolb AL K e, 5 2L N NN 5551,

1132 Journal of Food Science and Biotechnology Vol.33 No.l1 2014



B3

&t

it

=

BE . D-F4mE -2 FME LR AR EFRAFB PO RE

R AR 75 5 T B DA osl 20 6 R 1) K 1
Az AR FZE AT B 658 DPE i & e ad B2 5, G
T B, WD BB AR O B SRR 7 A | B R TR
FE TG . B RIE R G M AR Bt — R 2
A e e B () A" g 3 300 A vy 09 5 T A 5 2 R AT I/
16~24 h R AT 3K 285 2 B KV | & e TRl 55 24
REFE .
24 E4ADPEBHSE4W

Clostridium bolteae DPE [l & {48 25 68 75 Wk e |
O JE S EHEGR , BT 9l A 6 UL AR bR, i1t
N ERZT M B EA R S RE AR5, &
SDS-PAGE HLyk K, WLIEL 7. 7E 34 000 475 %] H
1 EE L AR XS 43 7 B i /NS T4 2P
UEW] DPE & DA 76 A 55 28 04T 18 1 3 A 45 31 IE i 3R

ik,

M 1
97 400 —
66 200 —
42700 —
31000 — C——
14 400 —

E7 HB4LEHEAEA SDS-PAGE BikE

Fig. 7 SDS -PAGE profile of the purified recombinant
protein

2.5 =% DPE BB F MR
251 pH *f DPE 85 & 09 % 7£ 55 °C .pH
5.0~9.0 [ 2% s W 43 5N & DPE BgTE 7, 55 3
U, BT TS 7, WKL 8, 1% DPE Y feid pH 4
7.0, 5 KW FFH #1509 DPE B — 207, HEES f1>
90 %1y pH Y5 FIA Frd K, 6.0~7.5,
2.5.2 pH *F DPE Be#& € ik e % K alifb 5 19
DPE [ 7E pH 5.0~9.0 1922 vl iz v 1A & 1,4 CIR
F£ 2 h, SR 5 DU A 5 A B, LA Ik il 5% Sy e 5 I T
100%, WLIE 9, 7 pH 5.0~8.5 YL H N, DPE i A
R BR AR B 7 80 %L I,
2.5.3 R xF DPE Bi& h#9 % a  FE pH 7.0 &1+
T, 2E 40~80 °CF By MG J1 , 45 R WL I8 10, 4
DPE [ 55 C'F E 3G S ik 8 e . 7 45~65 CH

X g AT AT 4ERFAE 80 %LU I

50 55 60 65 70 75 80 85 90
pH{E

B 8 pH{EXIEIE KM
Fig. 8 Effects of pH on DPE enzyme activity

AT 1%
8

50 55 6.0 65 7.0 75 80 85 9.0
pH{E

9 pHENWEBEEMHMFM
Fig. 9 Effects of pH on DPE stability

N
Z 60}
'
Z a0}
201
40 50 60 70 30
WEEC

E 10 EBEMNEBENNIIN
Fig. 10 Effects of temperature on DPE enzyme activity
2.54 RJEAT DPE B2 T &9 He KRR TE A
[ 3 B2 T PR A [R) B iF R, 0 %E DPE B A9 5% 4% il
W AR LI 11, RS 2R AT IR AR IS 1) DPE Al i 44
Fe 8 M L K #F 1 2235 19 DPE il ) $ AR S PE W A
#E . H 55 CHE M th 42 min 3N 45 min'7,

AR 5 ok dhdh £ AL 2014 AR5 33 45 11 41 1133



JIA Min, et al: Expression of D-Psicose 3—-Epimerase in Bacillus subtilis

Research Article

BRAXTE 1%

m 50 C
® 55%C
4 60 C

0 2.0 4.0 6.0 8.0 1.00 12.0 .
At 7] /min

B 11 iEE¥ DPE EiaE MM &I

Fig. 11 Effects of temperature on DPE stability
255 &KkB T DPEBEAMH A AFEE
B Tl AL SR A R R s, UL 12, TE T
B 28 o A W] B9 43 J& B 5, DPE i 9 3 4
LAEACTE 12 A Be AR, DPE B2 — Ff & s 8 H
B, 1E4JE% G EDTA BAF4E T, DPE BTk
i o Co™ Fll Mo & 71l §2 = DPE B i 1 , JLH 2
Co™ B, Zn™ Mg Cu* Ca® % H il % A W 41
YRR X 5 R AP 0K B HE 40 DPE g i~ M i —
2,

200

150

100

AR ARG %

50F

R Co* Mn* Zn* Mg* Cu® Ca* Fe* Ni** Ba* EDTA

E 12 ARE&EHFIEZH DPE BiE#HN
Fig. 12 Effect of different metallic ions on the DPE activity
A A H A OB pMAS—chdpe . 5 4H 0B 5 AL
TR MUFF B Bacillus subtilis WB800 %57 25 411 il , A1)
PR IREE R i 2 Hl PCR %55E , ARAS—#k DBl 3% B
W 322 1) S g Tl 2 A 2 LT BT BRI B X T AL R
RT3 BT 77 2 D— Bl Wi i 3— 22 1) S A4 il
18 h B il % B AT 35 3] 6.8 U/mL, 6] s, X0 Al 2 2 g
R FEE R H 4 DPE B A i =5 P S A7 00 7, e B

OB 5T 5 K AP ROR IR B9 DPE BEFH A
PR AL 5 28 FRAT T A D A B AT DB 9% i

B 322 1) S A WA O N RE RO AR JHR NN
SR, TR R A T IS AL, BEFE AR, M T DB
AR 9 Tk A AR 7= b AR B AT D s
] it o) 70 oM 7 i G Al A S 450 Bk A R 14 BT 5
RS HAT SRR PSR X

| 3 i

D— ] 3% B Ml 322 [f) 57 40 7l 1 £ 80 o S B A
iR ZF AT P a9 3Ra5, A PCR 97318 D—Fif 3% i
W 3— 2% [i] S A g 2 [N 5 s 2 SUAT 1 A pMAS

SE Wk

[ 1] Matsuo T,Suzuki H,Hashiguchi M, et al. D—psicose is a rare sugar that provides no energy to growing rats [J|. Journal of
Nutrition Science Vitaminol,2002,48.77-80.

[ 2 ] Izumori K. Izumoring:a strategy for bioproduction of all hexoses[J]. Journal of Biotechnology,2006,124(4):717-722.

[3 ] lida T,Hayashi N,Yamada T,et al. Failure of d—psicose absorbed in the small intestine to metabolize into energy and its low
large intestinal fermentability in humans|J]. Metabolism,2010,59(2) :206-214.

[4 ] N Hayashi,T lida,T Yamada,et al. Study on the postprandial blood glucose suppression effect of D —psicose in borderline
diabetes and the safety of long—term ingestion by normal human subjects|J]. Bioscience ,Biotechnology , Biochemistry,2010,74:
510-519.

[5 ] Matsuo T,lzumori K. D —Psicose inhibits intestinal o —glucosidase and suppresses the glycemic response after ingestion of
carbohydrates in rats|]J]. Journal of Clinical Biochemistry and Nutrition,2009,45(2) :202-206.

[ 6 ] Murata A,Sekiya K,Watanabe Y, et al. A novel inhibitory effect of D-allose on production of reactive oxygen species from
neutrophils[J]. J Bioscience Bioengineering,2003,96:89-91.

[ 7] Takata M, Yamaguchi F,Nakanose K, et al. Neuroprotective effect of D—psicose on 6-hydroxydopamine—induced apoptosis in rat
pheochromocytoma(PC12) cells|J]. Journal of Bioscience Bioengineering,2005,100:511-516.

[8 ] Mu W,Zhang W,Feng Y,et al. Recent advances on applications and biotechnological production of D-psicose [J]. Applied
Microbiology and Biotechnology,2012,94(6) :1461-1467.

1134 Journal of Food Science and Biotechnology Vol.33 No.l1 2014



23N
ﬁﬁj—._,ll:,j[ R OB, F . D-FSEME 3- £ &k B AR AT P e Rk

[9 ] f&FETE, vR 0T & TR IE#E , 5. Clostridium bolteae ATCC BAA-613 D—¥5 k& W 3—22 i) 5 MY g A 178 5 6 15 | i Ak B 6 MEF 52 ().
i TolkBHE ,2012,33(7) :198-201.

CHU Feifei, MU Wanmeng,XING qingchao, et al. Study on expression,purification and enzyme activity of Clostridium bolteae
ATCC BAA-613 D-tagatose 3—epimerase|]]. Science and Technology of Food Industry,2012,33(7):198-201.(in Chinese)

[10] Yang H,Liu L,Li J,et al. Heterologous expression,biochemical characterization,and overproduction of alkaline a—amylase from
Bacillus alcalophilus in Bacillus subtilis|J]. Microb Cell Fact,2011,10.77.

[11] 2 IR S0, ok i, A5 — b (IR oo— £ Tk 7L IR 00 42 I 0 e 20 AT B0 P s SRR (). B 5 AR W BOR %41, 2013,32
(5):516-523.

LI Jingjing, XU Meijuan,Zhang Xian,et al. High—-level expression of cold —adapted o —acetolactate decarboxylase in Bacillus
subtilis[J]. Food Science and Biotechnology,2013,32(5):516-523.(in Chinese)

[12] Kunst F,Rapoport G. Salt stress is an environmental signal affecting degradative enzyme synthesis in Bacillus subtilis[]]. Journal
of Bacteriology, 1995,177(9) :2403-2407.

[13] Wanmeng Mu, Feifei Chu,Qiangchao Xing,et al. Cloning,expression,and characterization of a D —psicose 3 —epimerase from
Clostridium cellulolyticum H10[J]. Journal of Agriculture and Food Chemistry,2011,59.7785-7792.

[14] Lowry O H,Rosenbrough N J,Farr A L,et al. Protein measurement with the folin phenol reagent [J]. Journal of Biological
Chemistry, 1951,193.265-275.

[15] Wu S C,Yeung J C,Duan Y,et al. Functional production and characterization of a fibrin-specific single—chain antibody fragment
from Bacillus subtilis :effects of molecular chaperones and a wall-bound protease on antibody fragment production [J]. Applied
and Environmental Microbiology,2002,68(7):3261-3269.

[16] T, VT, sk bens 4. ZLBEE S DSBS WS 3 22 1) S5 A0 I 35 P4 26 R FF B b 19 2R 36 ()], & Tl BHEE ,2013,34(13) . 143 -
146.

JIA Min,JIANG Bo,ZHANG Xiaoming,et al. Expression of recombinant D —tagatose 3 —epimerase in E. coli BL21/(DE3)
induced by lactose[J]. Science and Technology of Food Industry,2013,34(13):143-146.(in Chinese)

[17] Jia M,Mu W,Chu F,et al. A d —psicose 3 —epimerase with neutral pH optimum from clostridium bolteae for d —psicose
production : cloning, expression , purification,and characterization [J]. Applied Microbiology and Biotechnology,2014,98(2):
717-725.

F- N * S I -

SWERFX): F_EHPEREEEDES = LAHITS

JE4R H 8. 2014-12-05 45T H 3. 2014-12-08

PR . ARE )M LR L N BIUBE A 36 3k KT

FINANL R E A 2 S T A R R TR E R RS | LT s

HRIN A . RE BE R I T A A R IR A AR T SR (PR B R R VE I Y T ) ThRRBE S A e SR
(A AR AR o B AR W A AR AS RGBT ) BRI ] 5 EE A S (Y A KA

S 30 B . 2014-10-31

RN kKR (13580391736 5 42 LT (15360660814 ) ; i i 77 (15918851831)

3 hE - v B BE R IR I VE B O

WML . http://csm.im.ac.cn/templates/team/introduction.aspx?nodeid=9&page=ContentPage&contentid=3030

AR 5 of dhdh £ AL 2014 AR5 33 445 11 41 1135



