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Table 1.

1. GC-MS

Intracellular metabolites identified by GC-MS

Class

Identified metabolites

Amino acids

Organic acids

Fatty acids

Saccharides

Others

Alanine
Aspartic acid
Cysteine
Aspartic acid
Tyrosine
Glutamic acid

Acetic acid
Gluconic acid
Citric acid
Oxalic acid

9,12-Octadecadienoic acid
9-Octadecenoic acid
Pentanoic acid

Galactose

Mannitol

Talose
Erythrose-4-phosphate
Cellobiose

Glutamine
Glycine
Isoleucine
Leucine
Tryptophan
Methionine

Lactic acid

Malic acid
Fumaric acid
a-Ketoglutaric acid

Heptadecanoic acid
Hexadecanoic acid
Oleic acid

Glucose

Trehalose

Lyxose
7-Sedoheptulose-phosphate
Glucose-6-phosphate

Proline
Sarcosine
Serine
Valine
Lysine
Threonine

Propionate
Pyruvic acid
Succinic acid
Oxaloacetic acid

Octadecanoic acid
Palmitic acid

Fructose

Lactose
Glucopyranose
3-Phosphoglycerate
Xylulose-5-phosphate

Inositol Methanediimine Sorbitol
Adenine Furanone Urea
5-Methyluridine Ribitol Lyxose
B-Hydroxypyruvic acid 2-Oxoadipic acid Guanine
1-Hexanol Imidazoleacetic acid Phosphate
Estrone Succinylacetone Arabinofuranose
0.2t
01 T . ]
_ \ nl I u . H“:“H }‘| 'l‘
o . Ly P 1 n
= 0.0 ; h-. ‘ -
0.1 1 .lll 1% .'.
-021 . ) ) . .
-0.2 0.1 -0.0 0.1 0.2
pl1]
1. PCA 2. PCA
Figure 1. PCA score plots of avermectin biosynthesis Figure 2. PCA loading plots of avermectin biosynthesis

production in different culture media.
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production in different culture media.
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3. PLS
Figure 3. PLS score plots analysis of avermectin

biosynthesis process.
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Figure 4. Variable importance of the projection
plots for  intracellular = metabolites along

component 1 (VIP1) plot generated by PLS. X-axis
represents each metabolite. 1: glucose; 2: glucose-6-
phosphate; 3: lactose; 4: pyruvic acid; 5: erythrose-4-
phosphate; 6: xylulose-5-phosphate; 7: a-ketoglutaric
acid; 8: acid; 9:
propionic acid; 11:

citric oxaloacetic acid; 10:

tyrosine; 12: leucine; 13:
phenylalanine; 14: threonine; 15: lysine; 16: proline; 17:
valine; 18: isoleucine; 19: hexadecanoic acid; 20:
heptadecanoic acid; 21: oleic acid; 22: unknown 1;
23: unknown 2; 24: unknown 3; 25: unknown 4; 26:

unknown 5.
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Figure 5. Variations of metabolites associated with glycolysis pathway in different culture media. PYR: pyruvic
acid; 3PG: 3-phosphoglyceric acid; LAC: lactic acid; PPA: propionic acid; G6P: glucose-6-phosphate; X5P:
xylulose-5-phosphate; E4P: erythrose-4-phosphate; OAA: oxaloacetic acid; CIT: citric acid; AKG: a-oxoglutarate;
SUC: succinic acid. Each value is the mean of five replicates+SD. P<0.05.
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Variations of amino acids identified in S. avermitilis in different culture media. Tyr: tyrosine; Trp:

tryptophane; Leu: leucine; Pro: proline; Val: valine; Thr: threonine; Lys: lysine; Ile: isoleucine. Each value is the

mean of five replicates+=SD. P<0.05.
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Figure 7. Variations of fatty acids identified in S. Figure 8. The effect of adding precursors of central
avermitilis.  HEX:  hexadecanoic  acid; HEP: carbon metabolism on avermectin production. Each

heptadecanoic acid; OA: oleic acid. Each value is the
mean of five replicates+SD. P<0.05.
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value is the mean of three replicates=SD. P<0.05.

A: lactate; B: pyruvate; C: sodium succinate.
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Figure 9. The effect of adding precursors of amino

acid metabolism on avermectin production. Each value
is the mean of three replicates=SD. P<0.05. A: valine;
B: isoleucine; C: threonine.
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SOB: soybean oil, ILE: isoleucine, VAL: valine. Each
value is the mean of three replicates+SD. P<0.05.
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Enhanced avermectin production by rational feeding strategies
based on comparative metabolomics

Peng Cao, Dong Hu, Jun Zhang, Bianqiang Zhang, Qiang Gao’

Key Laboratory of Industrial Fermentation Microbiology, Ministry of Education, College of Biotechnology, Tianjin University
of Science & Technology, Tianjin 300457, China

Abstract: [Objective] In order to reveal key metabolites and metabolic pathways of avermectin, comparative
metabolomics approach was used to analyze the difference of key intracellular metabolites of Streptomyces
avermitilis in different fermentation media. Then the rational feeding approach was used to enhance avermectin
production. [Methods] Mycelial samples in M1 and M2 media were analyzed by GC-MS based comparative
intracellular metabolomics. Based on the deficiency of relative metabolic pathways, single precursor supplement
and combined precursors supplement were exerted, and the optimized medium M3 was obtained to enhance
avermectin production. [Results] In total 232 intracellular metabolites were identified and 70 of them were
accurately matched, and 21 metabolites influencing avermectin biosynthesis were finally verified by PCA and PLS
analyses. Among them, lactic acid, pyruvic acid, succinic acid, threonine, isoleucine, valine and lipids determined
the avermectin titer more obviously. When supplying with these precursors together to M2 at different time points,
the titer increased by 10.4% from 5.36 g/L to 5.92 g/L. [Conclusion] The production of avermectin increased
apparently with the help of comparative metabolomics analysis and rational feeding optimization. It also provides a
new approach to enhance the yield of bioproducts.

Keywords: Streptomyces avermitilis, avermectin, metabolomics, rational feeding
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