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Abstract Phosphite dehydrogenase (PTDH/PtxD) has large application potentials in the aspects of phosphite-ba-
sed phosphorus utilization, coenzyme regeneration etc. Herein, the full-length gene of Alcaligenes faecalis PtxD
(AfPtxD) was directly amplified from the soil metagenome. Its deduced AfPtxD protein contains the binding site
for coenzyme NAD" and key catalytic residues, and also belongs to a member of PTDH family via conserved do-
main predictions. Meanwhile, phylogenetic tree analysis showed that in PTDH family the AfPtxD protein was
almost identical to Pusillimonas PtxD, but clearly different from Ralstonia PtxD and Pseudomonas stutzeri PtxD
already with crystal structural analysis. However, the results of homology modelling demonstrated that the AfPtxD
protein was almost the same as Ralstonia PtxD in high-level structure and also very similar to P. stutzeri PtxD, exi-
sting in dimer form. We also found that the A /PixD gene could be efficiently expressed in Escherichia coli by IPTG
induction, despite poor solubility. The recombinant AfPtxD protein was further purified by His-tag affinity
chromatography, and detected with a specific enzymatic activity of 4.285 U/mg towards its substrate, sodium phos-
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phite. Prospectively, this cloned AfPixD gene with verified activity should be of fundamental significance for its

future application studies.
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Figure 1 Gene cloning of AfPtxD

Note: M: DNA Marker; A: Soil metagenomic DNA 1; B: Product
of the first round of PCR; 2,3; C: Product of the second round of
PCR 4,5; D: Colony PCR identification of recombinant clones
6,7; Arrows indicate the target DNA bands
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DNA
PCR ; ;
(A—G, Met (M)—Val (V));

2 AfPixD

Figure 2 The sequences of the AfPexD gene and its deduced pro-
tein

Note: Underlines denote PCR primers; Wavy lines denote restric-
tion enzyme sites on primers; Frame denotes the single base mu-
tation (A —G, resulting in Met (M)—Val (V)); Shadows denote

translation initiation codon
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3 AfPtxD
: PtxD-1: AAT12779, ; PtxD-2: AEC21371, T7-7; PtxD-3: ACL72000, ; PtxD-4: 069054,
; PtxD-5: ADZ52866, K; PtxD-6: EIE43372, ; PtxD-7: KUJ86346, 54 146; PtxD-8:
ADB92513, ; PtxD-9: KGF97637, ; PtxD-10: BAV60262, 4506; PtxD-11: CAL63322,

H# ; NAD* ; 2-

Figure 3 Comparative analysis of the homology between AfPtxD and its orthologues

Note: PtxD-1: AAT12779, Alcaligenes faecalis; PtxD-2: AEC21371, Pusillimonas sp. T7-7; PtxD-3: ACL72000, Thioalkalivibrio sul-
fidiphilus; PtxD-4: 069054, Pseudomonas stuizeri; PtxD-5: ADZ52866, Pseudomonas sp. K; PtxD-6: EIE43372, Pseudomonas aerugi-
nosa; PtxD-7: KUJ86346, Halomonas sp. 54_146; PtxD-8: ADB92513, Desulfotignum phosphitoxidans; PtxD-9: KGF97637, Prochlo-
rococcus marinus; PtxD-10: BAV60262, Ralstonia sp. 4506; PtxD-11: CAL63322, Herminiimonas arsenicoxydans; # marks the con-
served catalytic residues; The solid arrow delineates the binding site of NAD*; The dashed arrow indicates the conserved signature se-

quence of 2-hydroxyacid dehydrogenase
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4 AfPtxD

Figure 4 Prediction of the conserved domains of protein AfPtxD

1
Table 1 Domain hits

E
Name Accession Description Interval E-value
PTDH cd12157 2~319 0e+00
Phosphite dehydrogenase
LdhA COG1052 1~327 5.08e-105
Lactate dehydrogenase
PRK13243 PRK13243 1~327 3.77e-76
Glyoxylate reductase
PGDH TIGR01327 3- 4~327 731e-71
D-3-phosphoglycerate dehydrogenase
2-Hacid_dh pfam00389 2- 5~327 1.07e-69
2-hydroxyacid dehydrogenase
40 kDa 1 ( ( 36.5 kDa)
) AfPtxD (36.6 kDa) (200 mmol/L) o
° . ) AfPtxD
AfPtxD R
AfPtxD AfPtxD (
6 mmol/L Na,HPO; 5H,0O 1.2 mmol/L NAD)
o 25 °C 10 min 0Dy
1.4 AfPtxD 0.085 7 U/mL,
. BCA
€7 25¢ 0.02 mg/mL AfPtxD
AfPtxD °
_ 4.285 U/mg,
His
( (LF). 2
(WF) 100.150.200 mmol/L (EF))
SDS-PAGE . ( 8 PTDH (PtxD)
AfPtxD  His Phi/PtxD (Relyea and van der
LF .3 Donk, 2005) (Achary et al.,
(100, 150, 200 mmol/L) 2017)



2672

5 AfPtxD
: PaDH: ; PtDH:
Figure 5 Phylogenetic tree analysis of protein AfPtxD

Note: PaDH: Phosphonate dehydrogenase; PtDH: Phosphite dehydrogenase
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6 AfPtxD

T A: AfPtxD (pdb) ; B: SWISS-MODEL AfPtxD

; C AfPtxD
Figure 6 Homologous modelling of the high-level structure of protein AfPtxD
Note: A: Phylogenetic tree based on the alignments of AfPtxD against protein structure database (pdb); B: Homologous modelling of
the high-level structure of AfPtxD on the SWISS-MODEL server; C: The high-level structure of AfPtxD predicted by homologous

modelling
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7 AfPixD BL21 (DE3)
A:37°C 4h;B:25°C ;C: 18 C s M: ; UL ;T
;P YT ;ST ; AfPtxD

Figure 7 Recombinant expression of the AfPtxD gene in E. coli BL21 (DE3)
Note: A: Induction at 37 °C for 4 h; B: Induction at 25 ‘C overnight; C: Induction at 18 ‘C overnight; M: Protein Marker; UI: The
lysate of uninduced bacteria; T: The lysate of induced bacteria; P: The pellet of "T"; S: The supernatant of "T"; Arrows indicate the re-

combinant protein AfPtxD
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Figure 8 Purification of the recombinant protein AfPtxD ex- 4.285 U/mg PtxD
pressed in E. coli (Costas et al., 2001; Wilson and Metcalf, 2005;
Note: M: Protein Marker; UL: The lysate of uninduced bacteria;  Hirota et al., 2012; Liu et al., 2012; ,2018),
T: The lysate of induced bacteria; P: The pellet of "T"; S: The su- AfPixD
pernatant of "T"; LF: The flow-through of loading sample; WF:
The flow-through of washing; EF: The flow-through of imidazole ’
eluation; Arrows indicate the recombinant protein AfPtxD 3
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2

Table 2 Primers used in this study
(5'-39)

Primer sequence (5'-3")
GTCTGATCGAGTCGTGGGATTG
GCTTCGCACGATCACTTCCATC
GCACTCATATGGCTAAACCAAGAATCGTA
ACAACG
GTATTCTCGAGTCTCCCCGCTCCAACATG
ACCGCGAAATTAATACGACTCAC

Primer name
AfPtxD-Fw
AfPtxD-Rv
AfPtxD-5Nd

AfPtxD-3Xh
Pt7Up-Fw

3.2 AfPtxD
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AfPtxD-5Nd/AfPtxD-3Xh,

htx/pix
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(94 C 305,57.5°C 305,72 C 80s)x30 72 “C 15 min,
10 1L
Pha- nta Super-Fidelity DNA
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95°C Smin (94 C 305,51 °C 305,72 C 62s)x1 (94 °C
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AfP-
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Suite 11 o ClustalW
GeneDoc
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CDD o NCBI  Blastp
(nr)
fasta
MEGA 7.0
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MODEL (https://swissmodel.expasy.org/)
34 AfPtxD N
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AfPtxD  SDS-PAGE

( ,2018),
HisTrap FF crude (GE Healthcare )
AfPtxD 5mL
5 mL 40 mmol/L
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