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Figure 1. The chemical structures of octanoic acid,

lipoic acid and dihydrolipoic acid.
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Figure 2.

The chemical reactions catalyzed by a-oxo acid dehydrogenase complex!®. EI:

o-oxo acid

decarboxylase; E2: acyltransferase; E3: a-oxo acid dehydrogenase subunit; ThDP: thiamine pyrophosphate; Lip:

lipoic acid; FAD: flavin adenosine dinucleotide.
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Figure 3. Reaction and schematic representation of

the glycine cleavage system!®'¥.
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Figure 4.

The E2 subunit of pyruvate dehydrogenase (A), lipoyl domain (B) and GevH protein in E. coli. The

PDB codes of E. coli lipoyl domain and GevH are 1QJQ and 3AB9, respectively.
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Protein lipoylation pathways in E. coli. E2-LD refers to the lipoyl domain in the E2 subunit of a-oxo
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Figure 7.

The lipoic acid de novo synthetic pathways in different bacteria. A: B. subtilis; B: S. aureus; C:

Thermococcus kodakarensis. E2-LD refers to the lipoyl domain in the E2 subunit of a-keto acid dehydrogenase.
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Figure 8. The lipoic acid salvage pathways in different bacteria. A: B. subtilis; B: T. acidophilum; C: L. monocytogenes;
D: S. aureus. E2-LD refers to the lipoyl domain in the E2 subunit of a-oxoacid dehydrogenase; OGDH: a-oxoglutarate
dehydrogenase; PDH: pyruvate dehydrogenase; BKDH: branched-chain ketoacid dehydrogenas.

actamicro@im.ac.cn



IhHESRAE | T I2ER, 2021, 61(8)

2287

{H TaLplA “NREHF— A4 -1 B2 B THE-AMP 3% 4%
FIFMAE A b, IEH EcLplA W C mgbfais fefi b
Wi-FRR S — AP R th A HE S E R (] 8-B). T HA
4 TaLplB 5 TaLplA HME, A REME— 560wt
RS BIZARE 11 L, {2 TaLplB A 5857 RRZ5 I
HZAEAER . DL RSSO - R 4 42 T AR
3R 2 ARG, YA RIBTEERT, BT S8 sifE b
PEFR(EL 8-B)7 ), [l A= (5 B4 oA By 2
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I, 2638 LmlplA]l 5% LmlplA2 #REEMRE KIpHT#
IpIA 1 lipA RUGZERRAE R, (HAEERES SR AR ]
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Table 1. Summary of protein lipoylation pathways in different bacteria

Different bacteria
G
Escherichia coli

Lipoic acid de novo synthetic pathway Lipoic acid salvage pathway

LipB-LipA pathway LplA

Using octanoyl-ACP as a substrate, LipB catalyzes LplA catalyzes the formation of lipoyl-LD with free
the formation of octanoyl-LD, then LipA catalyzes lipioc acid

Xanthomonas campestris  the formation of lipoyl-LD No

G+

Bacillus subtilis LipM-LipL-LipA pathway LplJ-LipL pathway

Using octanoyl-ACP as a substrate, LipM catalyzes (1) LplJ catalyzes the formation of lipoyl-GevH with free
the formation of octanoyl-GcevH, then LipL
transfers the octanoyl group to LD, lastly LipA
catalyzes the formation of lipoyl-LD

lipioc acid, then LipL transfers the lipoyl group to LD

(2) LplJ catalyzes the formation of lipoyl-LD of OGDH
with free lipioc acid, then LipL transfers the lipoyl group
to LD of PDH and BKDH

LipM-LipA-LipL pathway LplA1/LplA2-LipL pathway

Using octanoyl-ACP as a substrate, LipM catalyzes (1) LplA1 catalyzes the formation of lipoyl- GevH (or
the formation of octanoyl-GevH, then LipA -GevH-L) with free lipioc acid, then LipL transfers the
catalyzes the formation of lipoyl-GevH, lastly LipL lipoyl group to LD

transfers lipoyl group to LD (2) LplA2 catalyzes the formation of lipoyl- GevH-L
(or-LD), then LipL transfers the lipoyl group to LD
LplA1/LplA2-LipL pathway

LplA1 or LplA2 catalyzes the formation of lipoyl-GevH with
free lipioc acid, then LipL transfers the lipoyl group to LD

Staphylococcus aureus

Listeria monocytogenes ~ No

Streptomyces coelicolor ~ Unknown ScLplA
Archaea
Thermoplasma Unknown Ta LplA-Ta LpIB
acidophilum LplA and LpIB catalyze the formation of lipoyl-LD with
free lipioc acid
Thermococcus LipB(LipM)-LipS1/LipS2 pathway Unknown
kodakarensis Using octanoyl-ACP as a substrate, LipB (or LipM)
catalyzes the formation of octanoyl-GcvH, then
LipS1/LipS2 catalyze the formation of lipoyl-GevH
Others
Mycoplasma Unknown Lpl
hyopneumoniae Lpl catalyzes the formation of lipoyl-GevH with free
lipioc acid
Mycobacterium LipB-LipA pathway No
tuberculosis Using octanoyl-ACP as a substrate, LipB catalyzes

the formation of octanoyl-LD, then LipA catalyzes
the formation of lipoyl-LD

G": Gram positive bacteria; G : Gram negative bacteria; LD: lipoyl domain of E2 subunit in a-oxo acid dehydrogenase; GevH: the H
protein in Glycine cleavage system; ACP: acyl carrier protein.
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Abstract: Lipoic acid is a derivative of octanoic acid with two sulfur atoms at carbon atoms 6 and 8. The strong
antioxidant activity of lipoic acid makes it have a good application prospect in the fields of health food, cosmetics
and medicine. Lipoic acid as an important cofactor is required for several key enzymes complexes, like a-ketoacid
dehydrogenase, and it also involves in energy generation and intermediate metabolisms. The protein lipoylation
pathways have been well studied in the model organism Escherichia coli, including the lipoic acid de novo
synthetic pathway dependent on LipB-LipA and the lipoic acid salvage pathway dependent on LplA. However, the
lipoylation pathways in different bacteria show a highly diversity. The GevH protein in certain bacteria also
participates in protein lipoylation eventhough the related enzymes are different. In this review, we comprehensively
discussed the current research progress on lipoic acid dependent multiple enzyme complexes, the lipoyl domain,
GcevH proteins, as well as the protein lipoylation pathways in differen bacteria, aiming to provide theoretical
support for further understanding the protein lipoylation in bacteria, developing the targeted antibacterial drugs, and

efficient lipoic acid production with biological methods.
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