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Recent Advances in Enzymatic Production of D—Allulose

LI Mian', TANG Wenjuan', CAI Xue'?, CHENG Xinping', LIU Zhigiang’
(1. Zhejiang Huakang Pharmaceutical Co., Ltd., Hangzhou 310013, China; 2. College of Biotechnology and
Bioengineering, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: The rare monosaccharide D-allulose is a C-3 epimer of D-fructose, which is mainly
produced through the isomerization of D-fructose by D-tagatose 3-epimerases (DTEases) or
D-allulose 3-epimerases (DAEases). D-Allulose can not only be used as a food ingredient and dietary
supplement, but also exhibits a variety of physiological functions and health benefits such as insulin
resistance improvement, antioxidant enhancement and hypoglycemic controls. Therefore, D-allulose
is of great value in development and research as a healthy alternative for conventional high-energy
sugars such as sucrose and fructose. This review provides a systematic analysis of physicochemical
property, existing sources, metabolism in wivo, physiological functions, applications and recent
processing technologies of D-allulose. The existing problems and proposed solutions in the
production of D-allulose are discussed. A green and recyclable process technology for D-allulose
production is also proposed for low waste generation, low energy consumption and high conversion.
Keywords: D-allulose, substitute sweetener, epimerase, biotransformation
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DTEase Fff (1) 4 5 J& K © 48 4k AN Clostridium
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Table 1 Enzymatic properties of DTEases

id pH | 4

(k/K)!
(L/(mmol -

min) )

| cpsemy
BET *‘?ﬂ” 5 45 4

Paenibacillus senegalensis 33.5 55 8.0 Mn* = 30:70 39 [41]
Caballeronia fortuita 33 65 7.5 Co* 63 37.5:62.5 = [42]
Sinorhizobium sp. — 50 8.0 Mn* — — — [43]
134.13
Staphylococcus aureus 70 8.0 Mg* = = = [44]
(tetramer)
Agrobacterium sp. ATCC 31749 32 55~60 7.5~8.0 Co* 267(55 C) 30:70 = [45]
128
Arthrobacter globiformis M30 70 7.0~8.0 Mn?* = = = [46]
(tetramer)
Flavonifractor plautii 33 65 7.0 Co* 130 = 156 [40]
Bacillus subtilis = 55 7.5~8.0 = 170 = = [47]
Treponema primitia ZAS—1 = 70 8.0 Co* ~30 28:72(70 °C) 144 [48]
Dorea sp. CAG317 33 70 6.0 Co* ~30 30:70(70 °C) 412 [49-50]
1
Clostridium bolteae 39 55 7.0 Co* 156 32:68(60 °C) 107 [32]
(tetramer )
. 130
Clostridium sp. 65 8.0 Co* 15 28:72 1414 [34]
(tetramer)
L . 132
Clostridium scindens 35704 60 7.5 Mn* 108 28:72 (50 C) 64.5 [35]
(tetramer )
. 132
Ruminococcus sp. 60 7.5~8.0 Mn* 96 28:72 51 [38]
(tetramer)
e . 132
Clostridium cellulolyticum 55 8.0 Co* 408 32:68 186.4 [37]
(tetramer )
metagenome of thermal aquatic 60, 70 6~11 Co* ,Mn?* 28:72 [51]
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3)BEbE R R G SMIR DAEase HE X nf 76 5 24
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pRS424 — TEFpr —ss —xy/A ) & ik 2 & 7] DL 78
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K LASE S BRI AR A/ P o o 33 7 b B 2 g A7 T 5

&, It DL D—3 7 W A SIS WK A 77 DA g% i ), i
AW S 4 i A AL D7 7 WE 5 A AR L DR b
H DAEase ¥ D=L D-FIIEbE . Yang 55
NPT — 2% M (8 0 & 420k B A o i
K. marxianus 40K, M\ BE9E LLE A AL T =0k A
77 DAl SO B AL ) K. marvianus 7E 12 h LA
JEE W) R E R 750 o/L 1Y D—SEBE A 7= 190 g/L
() D-Fl & ERAE , 29 100 g % B8 0 D-R b ek TR B
AL h 34 ¢ B CWE, BLAL 38 ik 4 20 s vy i i
T UG IR T3 20 7 D— BT BB AR 7 0 AR
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Table 2 Bio—production of D-allulose by engineered strains

e PR R 1R SIS RIBR G MR IKF L

PR ()

C. cellulolyticum H10 pET-22b(C)-Cc-dpe,

DAEase, 32 000 882 bp E. coli BL21 NR 218 g/L [37]

ATCC35319 soluble expression
Ruminococcus sp. DAEase, 33 000 8§76 bp  E coli Blo1  PETazdpessoluble g o, sgl 3]
5_1_39BFAA expression
Clostridium sp. . pET-22b(C)-Clsp-dpe,
BNL1100 DAEase, 32 000 879 bp E. coli BL21 soluble expression NR 120 g/L [34]
E. coli ]M109 DTEase,29 800 789 bp  E. coli Br21  PETT19P-DTE, soluble NR NR [59]
expression
. cerevisi 424-TEFpr—ss—xy/A
A. tumefaciens DAEase, 33 000 g70bp - cerevisiae  pRS prossxy/A,  \R 12.0% [55]
AN120 soluble expression
A. tumefaciens ATCC E. coli pET-24a(C)—dpe, soluble
DAE 33 000 870 b, R 230 ¢/LL 53
33970 e = ER2566 expression N ¢ 1531
T imiti ET-22b(C)~d
reponema primilia s pase, 33 300 888 bp  E. coli BL21 PET-22b(C)-dpe, NR 1375 gL [48]
ZAS-1 secretion expression
Ruminococcus sp. B. subtilis pMAS5-P,,,—RDPE,
DAE 33 000 876 b, ¥ 5 U/mL 145 ¢/L. 54
5_1_39BFAA e P 1A751 secretion expression g m 8 1541
Ruminococcus sp. . pNCMO2-P2-dpe,
DAE B. J
5 1 39BFAA ase, 33 000 876 bp subtilis soluble expression 58.6 U/mg NR [60]
42H- lubl
A. tumefaciens DAEase, 33 000 8§70 bp K. marvianus P r2i-dpe, soluble NR 190 gL [56]

NR :not reported.
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THFEER B 00 D-JRWE A 7 S, kT A5 2 D—Fa] % 1
i R R SRy s NN R R S e ey e
WYL GE 5 X DB 3% B W kA5 o i Al Al H 4l g
Al ik 86.2%,
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Fig. 1 Green and recycling process for D-allulose conversion and ethanol production
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