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Molecular engineering and immobilization of lysine
decarboxylase for synthesis of 1,5-diaminopentane: a review

LIU Simin, QI Haishan

Key Laboratory of System Bioengineering of Ministry of Education, School of Chemical Engineering and
Technology, Tianjin University, Tianjin 300072, China

Abstract: 1,5-diaminopentane, also known as cadaverine, is an important raw material for the
production of biopolyamide. It can be polymerized with dicarboxylic acid to produce biopolyamide
PA5X whose performances are comparable to that of the petroleum-based polyamide materials. Notably,
biopolyamide uses renewable resources such as starch, cellulose and vegetable oil as substrate. The
production process does not cause pollution to the environment, which is in line with the green and
sustainable development strategy. The biosynthesis of 1,5-diaminopentane mainly includes two
methods: the de novo microbial synthesis and the whole cell catalysis. Lysine decarboxylase as the key
enzyme for 1,5-diaminopentane production, mainly includes an inducible lysine decarboxylase CadA
and a constituent lysine decarboxylase LdcC. Lysine decarboxylase is a folded type I pyridoxal-5'
phosphate (PLP) dependent enzyme, which displays low activity and unstable structure, and is
susceptible to deactivation by environmental factors in practical applications. Therefore, improving the
catalytic activity and stability of lysine decarboxylase has become a research focus in this field, and
molecular engineering and immobilization are the mainly approaches. Here, the mechanism, molecular
engineering and immobilization strategies of lysine decarboxylase were reviewed, and the further
strategies for improving its activity and stability were also prospected, with the aim to achieve efficient

production of 1,5-diaminopentane.

Keywords: lysine decarboxylase; 1,5-diaminopentane; molecular engineering; immobilization; pyridoxal-5'
phosphate
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Figure 1 Phylogenetic tree of different lysine decarboxylases.
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Figure 2 Decamer and dimer structure of lysine decarboxylase (PDB No. 3N75) in E. coli®*.
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Table 1 Performance summary of lysine decarboxylase from different sources

Lysine decarboxylases Optimum temperature (C) Optimum pH  Origin References
LdcC 37 6.5 Hafnia alvei [19]
LdcC 52 7.6 Escherichia coli [23]
LdcC 37 7.0 Klebsiella pneumoniae [27]
Ldc 50 6.0 Selenomonas ruminantium [28-29]
Ldc 55 5.5 Klebsiella oxytoca [30]
Paldc 60 6.5 Photobacterium angustum [31]
AsLdc 50 7.5 Aliivibrio salmonicida [31]
EtLdc 60 7.0 Edwardsiella tarda [31]
GoLDC 30 9.0 Gluconobacter oxydans [32]
PpLDC 30 9.0 Bacillus licheniformis [32]
BILDC 60 7.0 Pseudomonas putida [32]
CadA 52 5.5 Escherichia coli [23]
CadA 37 7.0 Klebsiella pneumoniae [27]
CadA 37 6.0 Vibrio vulnificus [33]
CadA 40-50 5.5 Vibrio parahaemolyticus [34]
SmcadA 40 6.0 Serratia marcescens [35]
Unnamed ND 7.0 Geobacillus thermodenitrificans [36]
Unnamed 37 7.5 Soybean [37]
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Figure 4 The 3D structure and mechanism of lysine decarboxylase (PDB No. 3N75) in E. coli®®. (A) The

3D structure, with the active site at the bottom and the internal aldoimide in green. (B) The mechanism of
lysine decarboxylase production of 1,5-pentanediamine assisted by PLP.
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Figure 6 The wild type CadA (PDB: 3N75) and K477R mutant™*’). (A) Salt bridge and distance between
K543 and E104’ at the decamer interface. Comparison of the electrostatic surface around residue 477. (B)
The wild-type CadA. (C) The K477R mutant. Blue means positive charge, while red means negative charge.
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Figure 7

Interfacial region of wild-type CadA (PDB: 3N75)’! (A) The two interfaces at which the dimer

binds to form the decamer, denoted A and B, predicted two and one pair of disulfide bonds, respectively. (B)
Interface C between the two monomers forming the dimer, predicted one pair of disulfide bonds.
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Figure 8 Structural model of CADA-EK*!. (A) Monomer and dimers. (B) The “hug-shake” model.
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%G PLP AL et R
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4.1 FHRER M FREE E E ok B
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K PGHB) PRiAHCHE T (PhaPl) fBRE
JF BN IS INAE cadA FEF 1) 3R 5558 T PhaPl 5
CadA G, ZEL SR LIS AN P(3HB)
454y, [ 5E Ak CadA-P(3HB) & &Y HA BT
A e, £ 50 CRMEEM R 70 h, 7 54
IR H 3RS T 75%-80% AL R . 45 R %
B A [ E L) CadA JE—FEaER) . ATEREE
P )60 2 R 0 PR T, 3 ol T e 3 s 1 P 34
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AR S M . 900 pH IR B R N i
Bl S5 EEAE L, LdcEt@UIO-66-NH, 7E &
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Table 2 Summary of lysine decarboxylase immobilization methods

Enzymes Immobilization carriers Co-immobilization  Cycles 1,5-diaminopentane ~ References
with PLP (times—conversion) (g/L)

CadA 3-hydroxybutyric acid  No 5 times—75% ND [72]
and related proteins

LDCEt MOF(UIO-66-NH,) No 5 times—58% 182.59 [73]

CadA Chitin-chitin binding No 4 times—57% 135.60 [74]
domain

CadA Barium alginate No 4 times—40% 36.78 [75]

CadACtEA None No 10 times—53% 10.22 [76]

LDC Chitin-chitin binding Yes 5 times—55% ND [77]
domain

CadA-KE Barium alginate Yes 5 times—30% 184.53 [78]
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Figure 9 Mechanism of enzyme immobilization

[

7213 (A) Immobilization of PhaPl fusion protein on

intracellular P(3HB) granules. (B) Immobilization of lysine decarboxylase (LdcEt) on the surface of the
zirconium-based metal-organic framework material (MOF) UIO-66-NH,.
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Figure 10 Co-immobilization of enzyme and PLP'"""® (A) Chitin co-immobilized PLP-dependent lysine
decarboxylase and PLP. (B) CadA-EK and PLP were co-immobilized by barium alginate.
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