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Research progress of D-psicose: function and itsbiosynthesis
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Abstract: As the morbidity of metabolic syndrome like obesity and diabetes increases rapidly worldwide, the issue of nutrition
(functional food) and health has drawn more attention. D-psicose, a rare natural ketohexose, has become a hot topic in functiona
food and health-care field because of its hypoglycemic and hypolipidemic function with good sweetness. This article mainly
discusses the functional properties and biosynthesis research progress of D-psicose, together with the crysta structure of
ketose-3-epimerase, to provide theoretica guidance for D-psicose-producing strain screening as well as improving the
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thermostability and catalytic efficiency of ketose-3-epimerase for industrial application.

Keywords. D-psicose, function, synthesis, epimerase, reactivity, stability
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Fig. 1  Anti-diabetes and anti-obesity actions of
D-psicose’®?.
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Fig. 2 Enzymatic conversion between D-fructose and
D-psicose.
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Tablel Comparison of DTEase family enzymesisolated from different bacteria

DTEase Strain of Optimal Optimal Metal D-Psicose/D-fructose

family  enzyme source pH temperature (°C) ion equilibrium ratio kiRl pEiziELed
DPE C.cdlulolyticum 8.0 55 Co™ 32:68 (55 °C) 9.5h (55°C) [34]
C. bolteae 7.0 55 Co?* 31:69 (55 °C) 2.6h(55°C) [36]
Ruminococcussp.  7.5-8.0 60 - 28:72 (60 °C) 1.6 h (60 °C) [36]
A. tumefaciens 8.0 50 Mn?* 32:68 (30 °C) 63.5 min (50 °C) [31]
Desmosporasp. 7.5 60 Co* 30:70 (60 °C) 2h(50°C) [40]
T. primitia 80 70 Co?* 28:72 (70 °C) 50°C, 7%after 4h  [41]
Burkholderiasp.  5.0-9.0 65 Co* 30:70 (60 °C) Not reported [42]
F. plautii 7.0 65 Mn?*, Co*, Ni2" 33:67(60°C,18h) >4.2h (55 °C) [43]
DTE P. cichorii 75 60 Mn?* 20:80 (30 °C) 1h(50°C) [26]
R. sphaeroides 9.0 40 - 23:77 (40 °C) Not reported [28]
C. scindens 75 60 Mn?* 28:72 (50 °C) 1.8h (50 °C) [29]
A. globiformis 7.0-8.0 70 Mg* 24:76 (30 °C) Immobilized [30]
27:73 (70 °C) DTE 136 d
D- 70%4! Mn*  Co** 70 C
DTEase 6h D- 26%

3 WHE-ZmHAMENGEKEN

(45 Sakuraba  [49

Thermotoga maritima 3
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Fig. 3 Multiple sequence alignment of AtDPEase, CCH10DPEase and PcDTEase. The residues in red enclosed in a
blut box are highly conserved and those with a red background are identical. Sequence numbering is based on
AtDPEase, and its secondary structure elements are shown for their corresponding sequences. The filled triangles, open
lozenges and filled circles represent the residues involved in the dimeric interface, the tetrameric interface and metal
binding, respectively. The sequences of AtDPEase, CCH10DPEase and PcDTEase were downloaded from NCBI
database and their GenBank numbers were AAK88700.1, B81944.1 and BAA24429.1, respectively. Alignments were
implemented by ESPript 3.0,
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Fig. 4 Structures of CCH10DPEase, PcDTEase and AtDPEase. (A) Stereoscopic view of the overall structure of
CCH10DPEase, PcDTEase and AtDPEase. (B) The residues at the interface between MolA and MolD are shown as stick
in green and yellow, respectively!®. (C) Subunit TIM-barrel fold of CCH10DPEase, PcDTEase and AtDPEase.
a-Helices numbered from a1 to a8 and B-strands numbered from B1 to B8 are indicated by blue and purple, respectively.
Mn?" is shown in a blue sphere. The structure of AtDPEase, CCH10DPEase and PcDTEase were downloaded from PDB
database and their PDB numbers were 2hk0, 2ou4 and 3vni, respectively. Crystal structure was visualized by PyMol*®!.
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CCHI10DPEase and AtDPEase
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Fig. 5 Stereoscopic view of the metal-binding site of CCH10DPEase, PcDTEase and AtDPEase. The ions are shown as
blue spheres and the water molecules red. Selected interactions among amino acid residues, ions and water molecules
are indicated by dashed lines. Crystal structure was visualized by PyMol'®!.
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Fig. 6 Stereoscopic view of the superimposed
D-fructose-binding structure of PcDTEase (yellow and
yellow labels), CCH10DPEase (pink and pink labels) and
AtDPEase (green and green labels). The structure of
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respectively. Crystal structure was visualized by
PyMol 8,
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