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Abstract:  5-aminolevulinic acid is the key intermediate of the tetrapyrrole biosynthesis pathway in organisms and has
broad application potentials. This review summarized and discussed recent progress in microbial production of
S-aminolevulinic acid, including screening, isolation and mutation of microbes to produce 5-aminolevulinic acid; microbial

Received: April 7,2013; Accepted: May 17, 2013

Supported by: National Natural Science Foundation of China (Nos. 31200020, 31000054), Jiangsu Planned Projects for Postdoctoral Research
Funds (No. 1101053C).

Corresponding author: Jian Chen. Tel: +86-510-85329031; Fax: +86-510-85918309; E-mail: jchen@)jiangnan.edu.cn

E % H AR 34 (Nos. 31200020, 31000054), T4 L) RIFFE B RITH (No. 1101053C) %1,



BiR SAEMREER S ERZHRRTLR

whole-cell transformation to synthesize 5-aminolevulinic acid depending on the C, pathway; construction of high-yield

S-aminolevulinic acid producing strains by metabolic engineering. Finally, future research directions in microbial

production of 5-aminolevulinic acid were addressed.

Keywords: 5-aminolevulinic acid, C4 pathway, Cs pathway, metabolic engineering, Escherichia coli
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Fig. 1

Recombinant C, pathway engineered for S5-aminolevulinic acid biosynthesis

in E. coli. PGD:

3-phosphoglycerate dehydrogenase; ODH: 2-oxoglutarate dehydrogenase; SCS: succinyl-CoA synthetase; SDH:
succinate dehydrogenase; PHTA: phosphoserine aminotransferase; SHMT: serine hydroxymethyltransferase; ALAS:
S-aminolevulinic acid synthase. The bold line means the genes need to be overexpressed for increasing ALA production.
O indicates the reaction needs to be blocked. During biotransformation, glucose, succinate and glycine as substrates

were added.
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Fig. 2 Recombinant Cs pathway engineered for 5-aminolevulinic acid biosynthesis in E. coli®', PDH: pyruvate
dehydrogenase; GS: glutamate dehydrogenase; GluS: glutamyl-tRNA synthetase; GluTR: glutamyl-tRNA reductase;

GSA-AM: glutamate-1-semialdehyde aminotransferase.
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Table 1 Microbial production of 5-aminolevulinic acid

£ E. coli ', VFEWEM A EMRIEIZHE N
O % e kB, I s oh 1 T2 IR i &
e e i, SN S-ALA AN,
WX 5-ALA AH G 78 1932 i 25 11 804k
YeaSUH (MR ANE B E T, i yeaS H:[H 4

Strains and plasmids Substrates ALA (mmol/L) Reference
Algae
Chlorella vulgaris CO, 1.4 [6]
Chlorella sp. Glucose, glycine 2.0 [7]
Chlorella regularis Glucose, glycine 3.7 [8]
Photosynthetic bacteria
Rhodobacter sphaeroides Succinate, glycine 2.0 [9]
R. sphaeroides Acetate, glycine, propionate 4.2 [10]
R. sphaeroides Succinate, glycine 16.0 [1]
R. sphaeroides Glucose, glycine, LA 20.0 [11]
R. sphaeroides CR720 Glucose, glycine 27.5 [12]
Escherichia coli
BL21(DE3) ( hemA*®) Succinate, glycine, levulinic acid 20.0 [18]
DHI (hemA™) Succinate, glycine, ATP 22.0 [15]
BL21(DE3) ( hemA*®) Succinate, glycine 23.0 [19]
BL21(DE3) ( hemA*) Succinate, glucose, glycine, levulinic acid 23.1 [20]
BL21(DE3)( hemA*) Succinate, glycine, glucose 23.7 [21]
Rosetta (DE3) (hemAX) Succinate, glycine, glucose 29.0 [17]
MG1655 (hemA™) Succinate, glycine 39.0 [16]
BL21(hemAﬁ’) Succinate, glycine, glucose 39.3 [23]
MG1655 (hemA*) Succinate, glycine, glucose 43.6 [25]
MG1655 (hemO*) Succinate, glycine, glucose 48.1 [25]
Rosetta(DE3) (hemA*) Succinate, glycine, glucose 50.0 [22]
Rosetta (DE3) (hemAX) Succinate, glycine, glucose 50.4 [26]
Rosetta(DE3) (hemA*) Succinate, glycine, glucose, xylose 56.0 [27]
QZ1111(hemA™) Glucose 33 [29]
DH5a (hemA™, hemL and rhtA)  Glucose 31.5 [31]

Strain QZ1111 was the MG1655 derivate with five mutations””". Gene hemA resources: 4, Bradyrhzobium japonicum; A,
Agrobacterium radiobacter; ¥, Rhodopseudomonas palustris; 3¢, Rhodobacter sphaeroides 2.4.1.
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