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Abstract: D-allulose-3-epimerase (DPEase) is the key enzyme for isomerization of D-fructose to D-allulose. In order to
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improve its thermal stability, short amphiphilic peptides (SAP) were fused to the N-terminal of DPEase. SDS-PAGE analysis
showed that the heterologously expressed DPEase folded correctly in Bacillus subtilis, and the protein size was 33 kDa. After
incubation at 40 °C for 48 h, the residual enzyme activity of SAP1-DSDPEase was 58%. To make the recombinant B. subtilis
strain reusable, cells were immobilized with a composite carrier of sodium alginate (SA) and titanium dioxide (TiO,). The
results showed that 2% SA, 2% CaCl,, 0.03% glutaraldehyde solution and a ratio of TiO, to SA of 1:4 were optimal for
immobilization. Under these conditions, up to 82% of the activity of immobilized cells could be retained. Compared with free
cells, the optimal reaction temperature of immobilized cells remained unchanged at 80 °C but the thermal stability improved.
After 10 consecutive cycles, the mechanical strength remained unchanged, while 58% of the enzyme activity could be retained,
with a conversion rate of 28.8% achieved. This study demonstrated a simple approach for using SAPs to improve the thermal
stability of recombinant enzymes. Moreover, addition of TiO, into SA during immobilization was demonstrated to increase the

mechanical strength and reduce cell leakage.
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Table 1 Primers used in this study

Primer names Primer sequences (5'-3") Size (bp)
DSDPE-F GCTAAAGCTGAAGCTGAAGCTAAAGCTAAAAAACACGGAATTTACTATGCC 57

TATTGG

R-pMAS-DS TTTCGACCTCTAGAACGCGTTTAGTGGTGGTGGTGGTGGTGTTTCCAATCCA 74
(Mlu 1 -6XHis) ACATATATTTCTGGAATGCAAC
pPMAS AAGTGAAATCAGGGGGATCCATGGCTGGCGCTGGCGCTACAGCTACAGCT 90
(BamH 1 )-SAP1-F GGCGCTGGCGCTACAGCTACACCTAAACCTAAACCTCCTA
pPMAS AAGTGAAATCAGGGGGATCCATGGCTGAAGCTGAAGCTCATGCTCATGCT 90
(BamH I )-SAP2-F GAAGCTGAAGCTCATGCTCATCCTAAACCTAAACCTCCTA
pPMAS AAGTGAAATCAGGGGGATCCATGGCTGATGCTGATGCTAAAGCTAAAGCT 90

(BamH 1 )-SAP3-F

GATGCTGATGCTAAAGCTAAACCTAAACCTAAACCTCCTA

The bolded sequence is the gene sequence of SAPs.
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870 bp

Bl 1 DPEase EFE %[E
Fig. 1 DPEase gene cloning. Lane 1: DSDPEase.

e s <330 kDa

2 SAPs-DSDPEase SDS-PAGE 4} #f7

Fig. 2 SDS-PAGE analysis of SAPs-DSDPEase. Lane 1:
control; lane 2: B. subtilis/spMAS5-DSDPEase cell free
supernatant; lane 3: SAPI1-DSDPEase pure enzyme;
lane 4: SAP2-DSDPEase pure enzyme; lane 5:
SAP3-DSDPEase pure enzyme.
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Fig. 3 Effect of SAPs on the thermal stability of
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Fig. 4 Effect of SA concentration on immobilized cells.
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Fig. 5 Effect of the amount of cells embeded on
immobilized cells.
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Fig. 6 Effect of titanium dioxide addition on immobilized
cells.

ISR BRI, Vg R A e Y [ Al 4 s TR 7
BHE/IN . AR ss e, NI M iim, |
SEAUBER B A LGRS I A AR A [ 2 2 A 2%
MINAZAAARERS [ AL R PN AR % 25 (140 B4
K, BHEPIBCR I TR, i A et/ heR
S RN g7 N o 712 by N = X P 7 o B N B R 6 A A
PRI LB P I I B A, TS [T
K, PUBSER (R EE R, —SAAbEk MR A
14, [ LA B EDSCR R LR B K .
2.3.4 BT R EEXT B E AL 4 M R R

5 15 - 5 10 R TR N 5 - ST oKV TR G
JE R [ e A A M R B A, W 7 FR, [ E A
YMIAE 1% CaCly FEI HMELLR L, HLBRGR 2
I 62%, HMLR , B FISCR K. CaCly
VESVRCHE N A LT TG A T VR R 2485 vk B
1 2%HF, A A A R T DR S BT R
2.3.5 IR B B RE AL 40 L R e

ALV S R N M B AL AN P 25 ) ik R
R T L i T A R A R A S A
e ace, WE 8 Fiw, IR EWRIELE 0.03%3E
] PN AN 2 T 240 60 G s OB 40, 0 R U B R
[ 2 T A0 T AT 2R T B, Bt I T VR JEE 1Y
AR B 3 S I T AR E o

. 010-64807509

E== Relative recovery rate of enzyme activity
—&— Mechanical strength

100 R e S IR

= ) 7 g
28 80 / 180 2
=~ an

= / £
QEIE 60 =25 i 160 £
oo i
§§ —_— .i_?
o g 40 40 2
2R 5
35 9 {20 2
(=4

===

I 2 4 6 8 10
Concentration of CaCl, (%)

7 5 FKE X [E E L 4R A BY £ 0
Fig. 7 Effect of calcium ion concentration on immobilized
cells.
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Fig. 9 Optimal reaction temperature (A) and pH (B) for immobilized cells.
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Fig. 10 Thermal (A) and pH (B) stability of immobilized cells.
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