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Optimized sample preparation for metabolome studies on
Streptomyces coelicolor

Yihong Li'", Shanshan Li*', Guomin Ai?, Weishan Wang?, Buchang Zhang®, and Kegian
Yang®

1 School of Life Science, Anhui University, Hefei 230601, Anhui, China
2 State Key Laboratory of Microbial Resource, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

Abstract:  Streptomycetes produce many antibiotics and are important model microorgansims for scientific research and
antibiotic production. Metabolomics is an emerging technological platform to analyze low molecular weight metabolites in
a given organism qualitatively and quantitatively. Compared to other Omics platform, metabolomics has greater advantage
in monitoring metabolic flux distribution and thus identifying key metabolites related to target metabolic pathway. The
present work aims at establishing a rapid, accurate sample preparation protocol for metabolomics analysis in
streptomycetes. In the present work, several sample preparation steps, including cell quenching time, cell separation
method, conditions for metabolite extraction and metabolite derivatization were optimized. Then, the metabolic profiles of
Streptomyces coelicolor during different growth stages were analyzed by GC-MS. The optimal sample preparation
conditions were as follows: time of low-temperature quenching 4 min, cell separation by fast filtration, time of freeze-thaw
45 /3 min and the conditions of metabolite derivatization at 40 ‘C for 90 min. By using this optimized protocol, 103
metabolites were finally identified from a sample of S. coelicolor, which distribute in central metabolic pathways
(glycolysis, pentose phosphate pathway and citrate cycle), amino acid, fatty acid, nucleotide metabolic pathways, etc. By
comparing the temporal profiles of these metabolites, the amino acid and fatty acid metabolic pathways were found to stay
at a high level during stationary phase, therefore, these pathways may play an important role during the transition between
the primary and secondary metabolism. An optimized protocol of sample preparation was established and applied for
metabolomics analysis of S. coelicolor, 103 metabolites were identified. The temporal profiles of metabolites reveal amino
acid and fatty acid metabolic pathways may play an important role in the transition from primary to secondary metabolism
in S. coelicolor.

Keywords: metabolomics, Streptomyces coelicolor, primary metabolism, secondary metabolism
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4 min
356
Act 1 10 min (110+8)
3 P-value 0.1 4 min 69.1% 2
3 (TIC) 10°
4 min TIC
22 TRIHERALIER ARSI M F 0 i A0%
291 (2 min) 29% (6 min) 68% (8 min) 89%
(10 min) 4 min
2.2.2
5
M145 (30 h)
—40 C 60% (V/V) 1 4 M145
-40 C 2 4 6 8 (373£9)
10 min GC-MS (312«+12) 19.6%
2 2 min TIC 10°
(272+13) 65%
x1 HREVMFEERR
Table 1  Significance test of different biological samples
Metabolite Normalized TIC area (24 h) Normalized TIC area (72 h)
1 2 3 Average P-value® 1 2 3 Average P-value
l-valine 8434 7878 5746 7 352.74 0.920 2109 2829 2839 2 592.35 0.526
l-ananine 7415 8775 11851 9 346.80 0.890 2592 2125 1773 2 163.44 0.448
l-leucine 3625 4338 2804  3588.88 0.661 1301 936 1064 1100.52 0.439
l-isoleuine 3 144 4013 3544 3566.98 0.557 994 901 971 955.35 0.380
I-serine 4016 4078 5266 4 453.62 0.453 1123 1569 1280 1324.27 0.579
I-threonine 8 184 7407 6874 7 488.58 0.640 2976 2512 2204 2 563.89 0.676
Act (mg/L) 5.00 5.86 5.63 5.50 0.530 6.14 7.00 6.11 6.42 0.816

*P-value<0.1, significant; P-value<0.05, very significant.
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Fig. 2 Impact of quenching times on the extration of metabolites. QT: quenching time; CN: number of metabolite
components; TIC: total ion chromatogram.
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Fig. 3 Impact of different cell separation methods on metabolite extraction after quenching. TIC: total ion
chromatogram.

http://journals.im.ac.cn/cjben



FHB FXESRSEAHMENES XBERECEIFE 561

2.2.3 2.2.4

—40 C GC-MS 37°C
50% (V/V) - 40 C
37 C
(45s 3min 5 min) MSTFA 90 min 13.7%
45s (464+17) 40 C
3min 5 min 96.7%
s 248 23 GC-MS &M HE R & S BEK

28.7% 45 g BMERHBEEE
TIC 10°

27%  59% GC-MS 2
45 s 400

107 - 45s

10° -

TIC

10° -

10" = Sk | | .

TIC

TIC

12 18 24 30 36 42 48
¢ (min)
Bl 4 AR R A B (8] X X 5t 52 AR A 2 i
Fig. 4 Impact of the different freeze-thaw times in liquid nitrogen on metabolite extration. TIC: total ion
chromatogram.
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Table 2 Intracellular metabolites identified by GC-MS
Name Pathway® Name Pathway
l-valine Amino acid biosynthesis B-d-galactofuranose Galactose metabolism
l-alanine Amino acid biosynthesis a-d-galactopyranose phosphate  Galactose metabolism

l-isoleuine
N-acetyl lysine
I-threonine
I-proline
Glycine

I-serine

2-keto valeric acid

I-methionine
l-aspartic acid
l-asparagine
I-phenylalanine
l-glutamine
I-lysine
I-tyrosine

I-norleucine

I-leucine
Putrescine
Dl-ornithine
Gulonolactone
Salicin
1-hexanol
Resorcinol
Glycolic acid

Pyruvate
Succinate
Fumaric acid

DIl-malic acid

Amino acid biosynthesis
Amino acid biosynthesis

Amino acid biosynthesis
Amino acid biosynthesis

Amino acid biosynthesis

Amino acid biosynthesis
Amino acid biosynthesis

Amino acid biosynthesis

Amino acid biosynthesis

Amino acid biosynthesis
Amino acid biosynthesis

Amino acid biosynthesis

Amino acid biosynthesis

Amino acid biosynthesis
Amino acid biosynthesis

Amino acid biosynthesis

Arginine and proline
metabolism

Arginine and proline
metabolism

Ascorbate and aldarate
metabolism

Biosynthesis of
phenylpropanoids
Caprolactam degradation

Chlorocyclohexane and
Chlorobenzene degradation
Chlorocyclohexane and
Chlorobenzene degradation

Citrate cycle
Citrate cycle
Citrate cycle

Citrate cycle

5-oxoproline

Glycerol

Glyceryl phosphate
B-hydroxypyruvic acid

Dihydroxyacetone phosphate

Imidazoleacetic acid
D-myo-inositol-1-phosphate
Cadaverine

2-oxoadipic acid

Niacin (nicotinic acid)
Lyxose

Ribitol

D-ribose

D-ribose 5-phosphate

D-ribulose
S-phosphate/d-xylulose
S-phosphate

D-erythrose 4-phosphate
6-phosphogluconic acid
Hydroxymethylphosphonate
B-d-glucopyranose
D-glucose

Glucopyranose
a-d-glucopyranose
D-glucose 6-phosphate

Adenine
Inositol, scyllo-
D-chiro-inositol

Guanine

Glutathione metabolism
Glycerolipid metabolism

Glycerolipid metabolism

Glycine, serine and
threonine metabolism

Glycolysis/gluconeogenesis

Histidine metabolism

Inositol phosphate
metabolism

Lysine degradation

Lysine degradation

Nicotinate and nicotinamide
metabolism

Pentose and glucuronate
interconversions

Pentose and glucuronate
interconversions

Pentose phosphate pathway

Pentose phosphate pathway
Pentose phosphate pathway

Pentose phosphate pathway

Pentose phosphate pathway

Phosphonate and
phosphinate metabolism

Phosphotransferase system

Phosphotransferase system
Phosphotransferase system

Phosphotransferase system

Phosphotransferase system
Purine metabolism
Purine metabolism
Purine metabolism

Purine metabolism

http://journals.im.ac.cn/cjben
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Citric acid

(r)-(+)-2-pyrrolidone-
S-carboxylic acid

Tetradecanoic acid

Tetradecanoic acid
(iso)

Pentadecanoic acid
Hexadecanoic
Hexadecanoic (iso)

Octadecanoic acid

Octadecanoic acid
(iso)
D-erythrose

Estradiol methyl
ether

Eicosane
(e)-3-hexenedioic acid
Heptacosane

Mg (16:0/0:0/0:0)

Mg (18:0/0:0/0:0)
Quinaldic acid
methylsuccinic acid
(s)-2-hydroxyglutarate
D-mannose

D-mannitol

D-mannose
1-phosphate

D-galactose

Citrate cycle

D-glutamine and d-glutamate
metabolism

Fatty acid biosynthesis
Fatty acid biosynthesis
Fatty acid biosynthesis
Fatty acid biosynthesis
Fatty acid biosynthesis
Fatty acid biosynthesis
Fatty acid biosynthesis
Fiehn database
Fiehn database
Fiehn database
Fiehn database
Fiehn database
Fiehn database
Fiehn database
Fiehn database
Fiehn database

Fiehn database

Fructose and mannose
metabolism
Fructose and mannose
metabolism
Fructose and mannose
metabolism

Galactose metabolism

Inosine

Uracil

Thymine

Lactate
Hexofuranuronate
D-fructose
Sucrose

Maltose

Estrone

2-c-methyl-d-erythritol
4-phosphate(mep)

5-hydroxytryptophan
3-hydroxypyridine
N,n-diethylcarbamate
2-isopropoxyphenol
5-oxymethyl-2-pyrrolidinethione
Succinylacetone
3-methylbutanol
D-arabinose
Arabinofuranose
2-deoxy-ribonic acid
D-leucic acid

Glucuronolactone

Purine metabolism
Pyrimidine metabolism
Pyrimidine metabolism

Pyruvate metabolism

Starch and sucrose
metabolism

Starch and sucrose
metabolism

Starch and sucrose
metabolism

Starch and sucrose
metabolism
Steroid hormone
biosynthesis
Terpenoid backbone
biosynthesis

Tryptophan metabolism
/
/

*The pathway classification was determined based

Metabolite-Library-2007.

NIST METLIN Fiehn

103

on KEGG and Fiehn database:

80-100

[6-20]
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Fig. 5 Growth curve (m), and production curves of undecylprodigiosin (A ), actinhordin () of S. coelicolor M145.
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