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Abstract: Lysine decarboxylase is a key enzyme involved in the upstream biosynthesis of lycopodium alkaloids
(LAs) such as huperzine A, contributing to the decarboxylation of lysine to 1,5-pentanediamine (cadaverine). Three
lysine decarboxylase genes (HsLDC-L1, HsLDC-L2, HsLDC-L3) were successfully cloned from Huperzia serrata
using transcriptomic sequence data mining strategy combined with reverse transcription PCR. The physicochemical
properties, secondary and tertiary structures, amino acid identities, and evolutionary relationship of the three LDCs
were analyzed by online bioinformatics analysis platforms and DNAMAN, MEGA 7.0 software, revealing that all
of these proteins had the conserved PLP binding domain and active site residues were completely conserved in
LDCs. Phylogenetic analysis showed that these LDCs were located in the same branch as other known LDCs from
LA-producing plants. Accordingly, the ORFs of these three HsLDCs were inserted into different expression plasmids
for further expression in E. coli. However, only HsLDC-L1 was successfully expressed in E. coli BL21 (DE3) by
inserting into a pCold TF vector. The recombinant protein was purified by Ni*" affinity chromatography purifica-

Wk 9 2022-06-03; &1l F - 2022-06-13.

FEETH: HX BAREIEERBIE (81573312).

*JBAE & E-mail: shishepo@]163.com; wijwangjuan2012@163.com
DOI: 10.16438/j.0513-4870.2022-0693



- 3438 - 222224 Acta Pharmaceutica Sinica 2022, 57(11): 3437 —3445

tion. HSLDC-L1 contains 469 amino acid residues, with a calculated molecular weight of 50.50 kDa. HsLDC-L1
expectedly catalyzed the decarboxylation of lysine to produce cadaverine. In addition, HsSLDC-L1 can also catalyze

the generation of putrescine from ornithine. However, it cannot catalyze the decarboxylation of tyrosine, phenylala-

nine, tryptophan and histidine. The results not only provide insight into the biosynthesis of LAs including huperzine

A, but also provide a critical genetic element for the overproduction of A'-piperideine and pelletierine, the essential

biosynthetic precursors of LAs, using synthetic biology strategies.
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Figure 1 Proposed biosynthetic pathway of huperzine A
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Table 1 Primer sequences

Primer name Primer sequence (5'-3")

HsLDC-L1-F ATGACGTTTGGTCGCATGGAAG
HsLDC-LI-R TTATTTGGATGCAGGTGTTGTTG
HsLDC-L2-F ATGGCAGCTTGTGACTCTC
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Primer name

Primer sequence (5'-3")

HsLIpTF-F
HsLIpTF-R
HsL2pTF-F
HsL2pTF-R
HsL3pTF-F
HsL3pTF-R

accctegagggatccgaattct ATGACGTTTGGTCGCATGGA
ctatctagactgcaggtcgacTTATTTGGATGCAGGTGTTGTTG
cteggtacectegagggatcc ATGGCAGCTTGTGACTCTCCA
agactgcaggtcgacaagcttCTAGTAAATCACAGAAAAATGGAAAG
cteggtaccetegagggatccATGGCAGCTTGTGACTCTCCA
agactgcaggtcgacaagcttTCACAGAAAATCGTTTATTGAGTCTTC
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Figure 2 Homology modeling structures of lysine decarboxylases

from H. serrata (HsLDCs)
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HsLDC-L3 2 444
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Figure 3 Multiple sequence alignment of lysine decarboxylases (LDCs) from different Lycopodium species. Combination of red asterisk

and yellow underscore represent the pyridoxal 5-phosphatemonohydrate (PLP) binding domain, lysine (Lys) binding site and conserved

domains, respectively
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Figure 4 Phylogenetic tree of L/ODCs from various plant species. Analysis showed that the plant L/ODCs grouped into five clusters:

dicots (black branch), monocots (green branch), mosses (blue branch), leptosporangiate (purple branch), lycophytes (red branches)
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Figure 5

induced by isopropyl-beta-D-thiogalactoside (IPTG); Lane 2:

Soluble crude extract from E. coli cells without IPTG treatment
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Figure 6 1-Fluoro-2,4-dinitrobenzene (FDNB) derivatization of the enzymatic products produced by HsLDC-L1
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Figure 7 LC-MS analysis of the FDNB derivatized products. A: HPLC chromatograms (360 nm) for the reaction using lysine as substrate;
B: The MS spectra of P1-L; C: The MS spectra of P2-L
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Figure 8 LC-MS analysis of the FDNB derivatized products. A: HPLC chromatograms (360 nm) using ornithine as substrate; B: The MS
spectra of P1-O; C: The MS spectra of P2-O
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