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Abstract: To enhance the catalytic activity and thermal stability of D-allulose 3-epimerase (DAEase) for industrial
applications, high-performance mutants were engineered through integrating gene mining with semi-rational design. In this study,
the DAEase gene from Microbacterium luteolum (MIDAEase) was heterologously expressed in Escherichia coli with soluble
production, exhibiting optimal activity at 60 ‘C and pH 8.0. To address the poor thermal stability of M/DAEase that limits industrial
applications, semi-rational design was performed guided by three-dimensional structural modeling and high-throughput screening,
which identified the key mutants G65M, G65E, and M110W. The combinatorial mutant G65E/M110W, constructed via the CAST
strategy, exhibited a 2.41-fold increase in relative activity and a 5.09-fold enhancement in catalytic efficiency compared to the wild-
type. In industrial biocatalytic processes, the engineered mutant converted 500 g-L ™' D-fructose to 153 g-L™' D-allulose, achieving
a conversion rate of 30.60%, which represented a 2.09-fold improvement over the wild-type enzyme. The results demonstrated
MIDAEase as a novel D-allulose 3-epimerase with great potential for engineering. Its catalytic performance and thermal stability
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were significantly improved through structure-guided semi-rational design. This study provides both a theoretical basis and a

candidate biocatalyst for the efficient enzymatic production of D-allulose, offering promising prospects for industrial application.
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(K 5b). AHELT HAh DAEase K %R, 41 DoDAEase
() f%3d pH 184 6.0, SADAEase 15 i& pH 18y 7.0%,
MIDAEase & [ b pH {H 4 8.0, fETVE%M T HA
Fa s M1k e

a 100 -
80 -
60

40

AAXHENE / %

20

0 5 6 7 8 9 10

pH{E

—m—pH{f{5 —v—pHIi8
—e—pH{fi6 —oe—pHIii9
—a—pH{fi7 —<—pHIii10

(o

100

. 80
N
#H 60
%
=40
=z
20
0
0 1 2 3 4 5 6
iHiE] / h

5 MIDAEase 53& pH B pH {Eifit Z £ E
Fig.5 Determination of the optimal pH and pH stability of
MIDAEase
7£:(a) MIDAEase i€ pH 14; (b ) MIDAEasepH 1.7t %,

2.5 MIDAEase#x & 4 & & F

DAEase #& 4 J& K i £ B, A &8 25 7 X
MIDAEase it 71520 AN A, 40 AgDAEase 7E Mn”" {f
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Table 2 The impact of metal ions on enzyme activity

BT st EEE /%
control 100 +3.12
Mg 181.52+2.15
Co™ 182.58 £ 1.87
Ca™ 103.31 +0.91
Zn*" 102.16 £ 1.02
Mn* 121.27 +1.68
100 | £
80 | 3
X
&= 60 =
' ogsof T
=
20
0 1 1 1 1 1 1
025 050 075 1.00 125 1.0

Mg* / (mmol-L ")
E 6 MIDAEase RiEB FiRE

Fig.6 Optimal ion concentration of M/IDAEase
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M 3% J7 75 UL WT (MIDAEase) Myt BEEY, J@ it 48
FLAR PR EAG I SR AR S v L 35 R AR A (B Tb)
& 3 MDAEaseR ERENKHIZHNFSH
Table 3 Kinetic parameters of MIDAEase and G65E/M110W

MIDAEase ko/s'  K,/(mmol-L™") k., /K,/(L-mmol™s™)
WT 56.90+5.71 52.60%7.93 1.08+0.16
G65E/M110W 148.50 + 1494 27.00 +4.15 55+0.83

55T NADH {5 B¢ 1) vy 8 & 0 % 77 3007 7 100
ANEAL T, R A340 nm HE 5 AT 10 ) 58 A2 44 R
HPLC B uEdE 4. Ikt 7 3 MRH R, EES
Wl N G65M (171.45%). G65E (116.52%). M110W
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G65SM/M110W ¥ 41 % % M 2408 132.67%, 1 98 A% 14
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T (W 7d). FEF, 248K G6SEMI10W 7£ 60 C NI H
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