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Abstract: Plant betaine aldehyde dehydrogenase (BADH) is a physiologically important enzyme in response to salt or drought
stress. In this study, two BADH genes (PeBADH1 and PeBADH2) were cloned from Populus euphratica. Both PeBADH1 and
PeBADH2 genes encode the proteins of 503 amino acid residues, with a calculated molecular mass of 54.93 kDa and 54.90 kDa,
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respectively. Reverse transcription PCR showed the divergence of expression pattern between the PeBADH1 and PeBADH2 genes
in P. euphratica. The recombinant PeBADH1 and PeBADH2 proteins were overexpressed in E. coli, and purified by Ni-affinity
chromatography. The PeBADH2 protein had 1.5-fold higher enzymatic activity towards the substrate aldehyde than PeBADH1
protein. The PeBADH1 protein revealed higher thermal stability than PeBADH2 protein. These results indicated obvious

functional divergence between the PeBADH1 and PeBADH2 genes.
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Table 1 Primers used in this study

Gene Primer names Sequence (5'-3")

PeBADH1 PtBADH1-CL1 GCATCATATTCAACCAACTCAC
PtBADH1-CL2 CTGCTGTTCCGCATTTTC
PeBADH1-SP1 AGATTGGTCCTCCGCATCA
PeBADH1-SP2 CAACCTTGTCAACATGGGGATGA
PeBADH1-EX1 AGATATCATGGCGATCCATCTACCTAAT
PeBADH1-EX2 TAAGCTTTTATAGCTTTGAGGGAGGCT
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PtBADH2-CL2 TCCATCATTTTGCTACGACTG
PeBADH2-SP1 GCTCCTGCCCTAGCTGCT
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ATACTGCCCTCCACTAACAACC
AGATATCATGGCGATCCATCTACCAAT
TAAGCTTTTATAGCTTGGCGGGAGAC
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Fig. 1 Sequence alignments of plant BADH proteins. Conserved residues in all plant BADH proteins are marked in
black. The NAD*-binding sites of plant BADH proteins are marked with black arrows. This sequence alignment was

created using the following sequences: PeBADH1 (GenBank Accession No. JN816361), PeBADH2 (GenBank Accession
No. JN816362), PtBADH1 (GenBank Accession No. XM_002318594), PtBADH2 (GenBank Accession No.
XM_002322111), PsBADH (GenBank Accession No. CAC48392), AtBADH (GenBank Accession No. AAM13070),
OsBADH (GenBank Accession No. BAC76608), SOBADH (GenBank Accession No. P17202), AcBADH (GenBank
Accession No. AAM19157), SIBADH (GenBank Accession No. AAL33906), BvBADH (GenBank Accession No.
P28237), TaBADH (GenBank Accession No. AAL05264).
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Fig. 2 Phylogenetic tree showing relationships between PeBADH and other classes of plant ALDH. The affiliations of
the plant BADH sequences used in the tree reconstruction are specified in the legend of Fig. 1. The affiliations of the
other plant ALDH sequences are the following: Oryza sativa ALDH3 (GenBank Accession No. AAD35089), Arabidopsis
thaliana ALDH3 (GenBank Accession No. AAL59944), Craterostigma plantagineum ALDH3 (GenBank Accession No.
CAC84900), Zea mays GAPDH (GenBank Accession No. Q43272), Oryza sativa GAPDH (GenBank Accession No.
AAMO00227), Arabidopsis thaliana GAPDH (GenBank Accession No. AAK59790), Arabidopsis thaliana ALDH7
(GenBank Accession No. AAK55676), Oryza sativa ALDH7 (GenBank Accession No. AAG43027), Glycine max
ALDH7 (GenBank Accession No. AAP02957), Oryza sativa ALDH2 (GenBank Accession No. BAA96794), Arabidopsis
thaliana ALDH2 (GenBank Accession No. AAM27003), Zea mays ALDH2 (GenBank Accession No. AAK58370).
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Fig. 3 Structure modelling of PeBADH1 and PeBADH?2 proteins. (A,B) Structures of PeBADH1 and PeBADH2. (C)
Evaluation of the structure of PeBADH1 and PeBADH2 by Profile-3D program. (D) Structural comparison of
PeBADH1 (green) and PeBADH2 (red).
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Fig. 4 Expression of the PeBADH1 and PeBADH2 genes in various tissues of P. euphratica. NC, NA and HO indicate
the tissue under normal growth conditions and following NaCl and H,O, treatments, respectively.
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Fig. 5 Overexpression and purification of BADH
proteins from P. euphratica. 1: molecular mass markers;
2: total cellular extract from E. coli; 3, 5: total cellular
extracts from induced bacteria containing PeBADH1 and
PeBADH2, respectively; 4, 6: the purified PeBADH1
and PeBADH2, respectively.
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Fig. 6 Thermal stability of recombinant PeBADH1 and
PeBADH2.
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Fig. 7 The NAD™-binding sites of PeBADH1 and PeBADH2 proteins. Blue dashed lines represent hydrogen bond

interaction.
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