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Substrate-binding site of D-psicose 3-epimerase from

Ruminococcus sp.

ZHANG Li-Li' ZHU Yue-Ming' MEN Yan' KANG Zhen-Kui® SUN Yuan-Xia'"
(1. Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, National Engineering Laboratory for
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Abstract: [Objective] The substrate-binding mechanism of D-psicose 3-epimerase from Rumino-
coccus sp. has been studied. [Methods] The residues involved in substrate-binding were selected
using homology modelling and sequence alignment. Mutants were constructed by site-directed
mutagenesis and studied by kinetic analysis. [Results] Two residues, Y6 and A109, were selected.
Four mutants, Y6F, Y61, A109P and A109L were constructed. [Conclusion] Y6 was involved in both
catalysis and substrate-binding by the aromatic ring of the amino acid, while the —OH was important
for substrate-binding. A109 was an important site that affected binding rather than catalyzing. This
research would contribute to the study of catalytic mechanism and molecular modification of
D-psicose (D-tagatose) 3-epimerase.
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F1 Y6 K A109 ZTHRAISIHFF

Table 1 The primers used for mutagenisis of Y6 and A109

Primers Sequences (5'—3")
YO6F-F CATATGAAATATGGTATTTTTTACGCTTATTGGGAAAAG
Y6F-R CTTTTCCCAATAAGCGTAAAAAATACCATATTTCATATG
Yo6I-F CATATGAAATATGGTATTATTTACGCTTATTGGGAAAAG
Y6I-R CTTTTCCCAATAAGCGTAAATAATACCATATTTCATATG
A109L-F CATATTGTTGGAGGCTTACTCTATGGTTATTG
A109L-R CAATAACCATAGAGTAAGCCTCCAACAATATG
A109P-F CATATTGTTGGAGGCCCACTCTATGGTTATTG
A109P-R CAATAACCATAGAGTGGGCCTCCAACAATATG
LB (LB-Amp) 1 mL 60 °C 10 min 5 min
D-
(HPLC) 1200
122 EEMFESRERFKEFYPHIHENL: Waters Sugar Pakl
E. coli 80 °C 0.5 mL/min 20 pL
DE3 LB-Amp
37°C 200 t/min L)
LB-Amp 37°C ODgo  0.6-0.8 1 pmol D-
IPTG ( 0.5 mmol/L) 20°C 100 r/min
(10—100 mmol/L) D-
_ . Lineweaver-Burk Kin  Kear
4°C 6000 r/min 10 min . o
125 [RIFEEE: Clostridium cellu-
I (20 mmol/L HEPES 500 mmol/L .
lolyticum HI0 CCDPE (PDB 3VNI)
NaCl 20 mmol/L pH 8.0)
. . RDPE
10000 r/min 20 min Swiss-Model RDPE 3D
His SpinTrap Swiss-PdbViewer RDPE 3D
I IT (20 mmol/L
pH 8.0) 1.2.6 REK_RKEEMEN .
12%  02g/L 10 mmol/L HEPES pH 8.0
SDS-PAGE
123 ZEARSENE: Lowry 1.00 nm 0.5s 100 nm/min
0.5 nm 2
124 BENERFIHAZSHNE: 0.1 cm
D- (190—250 nm)
50 mmol/L D- 15 pg I
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Figure 1 The 3-D structure of the active site of RDPE

lolyticum H10 Pseudomonas cichorii ST-24 .
Rhodobacter sphaeroides DPE DTE RDPE Note: The residues in the binding site are colored by pink.
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Figure 2 Sequence alignment of DPE/DTE
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Note: The alignment was generated using DNAMAN. Three levels of conserved residues are shaded in dark blue (100%), pink (75%) and
cyans (50%), respectively.

http://journals.im.ac.cn/wswxtbcn



Ruminococcus sp.  D- 3- 815
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Figure 3 SDS-PAGE analysis of the wild-type and mutants expressed in E. coli BL21(DE3) and purified by His SpinTrap
A B His SpinTrap .0 1-4 Y6F Y6 Al109P  AIO09L.

Note: A: Cell-free extracts from E. coli BL21(DE3) transformed with wild-type and 4 mutant plasmids; B: The wild-type and mutant
purified by His SpinTrap. 0: The wild-type; 1—4: The mutant Y6F, Y6I, A109P and A109L.

%2 RDPE RERTRMFHFESE

Table 2 Kinetic parameters determined of the RDPE wild type and mutants for D-fructose

Strains Km (mmol/L) Keat (min™") Keat/Km [L/(mmol-min)]
WT 221 1.4x10* 62.0
Y6F 381 1.5x10* 38.0
Y6l 3614 1.1x10° 0.3
A109P 1608 6.6x10" 20.0
A109L 4025 1.3x10* 32
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Figure 4 CD spectra of the wild-type and mutants
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Figure S Residues and contacts around Y6 and A107
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Note: A: Residues and contacts around Y6. The catalytic residues are colored by orange, the substrate (D-fructose) is colored by green,
Y6 is colored by grey. B: Residues and contacts around A107. The catalytic residues are colored by orange, the substrate (D-fructose) is
colored by green, A107 is colored by grey.
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