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Targeted metabolomics reveals changes in metabolic pathways
related to ectoine in Halomonas cultured with aspartate

LU Xinyue', LI Haoxin', ZHANG Peixia', SHI Bohan', LI Yongzhen', WANG Rong', ZHU Derui',
HAN Rui**

1 Department of Basic Medical Sciences, Medical College, Qinghai University, Xining, Qinghai, China
2 Key Laboratory of Vegetable Genetics and Physiology, Academy of Agriculture and Forestry Sciences, Qinghai
University, Xining, Qinghai, China

Abstract: [Objective] We systematically analyzed the growth and compared the ectoine
accumulation of Halomonas campaniensis XH26 cultured with nine different amino acids, aiming
to clarify the optimal amino acid for ectoine accumulation of strain XH26.[Methods] Under the
optimal salt concentration of 1.5 mol/L, nine amino acids (L-monosodium glutamate, L-glutamine,
L-aspartic acid, L-asparagine, L-histidine, L-tryptophan, L-glycine, L-serine, and L-lysine) were
selected as the single carbon/nitrogen source of the culture medium and added within the
concentration range of 20—50 mmol/L (interval of 5 mmol/L), on the basis of which the optimal
concentration and optimal amino acid for ectoine accumulation were screened. L-aspartic acid was
selected to culture the cells at low (L, 20 mmol/L), medium (M, 35 mmol/L), and high (H,
50 mmol/L) concentrations for targeted metabolomics sequencing and analysis. [Results] The
amount of ectoine synthesis first increased and then decreased as the amino acid concentration
increased and reached the highest at optimum concentration (30/35 mmol/L). Metabolomics
analysis screened out 28 (L vs. M), 27 (L vs. H), and 26 (H vs. M) significantly differential
metabolites, such as glyceric acid, lactose, adenosine 5’-monophosphate, a-ketoglutaric acid,
glucose-1-phosphate, fumaric acid, and citric acid. KEGG metabolic pathway enrichment analysis
showed that L-alanine, L-aspartic acid, and L-glutamate metabolic pathways were the most
significantly enriched pathways.[Conclusion] Targeted metabolomics of differential metabolites of
bacteria discovers that the strain achieves a rebalance between nitrogen homeostasis and energy
supply through the aspartate-alanine axis and the arginine-proline metabolic axis.

Keywords: Halomonas campaniensis; targeted metabolomics; ectoine; energy metabolism
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Analysis of intracellular ectoine accumulation in strain XH26 cultured with nine different amino acids.

A: L-monosodium glutamate; B: L-glutamine; C: L-aspartic acid; D: L-asparagine; E: L-lysine; F: L-tryptophan; G:

L-glycine; H: L-serine; I: L-histidine.
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Figure 2 Ectoine accumulation at different aspartate concentrations and metabolite contents among different
groups. A: Intracellular ectoine accumulation of strain XH26 (*: P<0.05; **: P<0.01); B: Amino acids and their

derivatives; C: Central carbon metabolism.
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Figure 3 Metabolomics sample PCA score plot, PLS-DA score plot, and permutation test results. A: PCA of
amino acids and their derivatives; B: PCA of central carbon metabolism; C: PLS-DA of amino acids and their
derivatives; D: PLS-DA of central carbon metabolism; E: Permutation testing of amino acids and their

derivatives; F: Permutation testing of central carbon metabolism.
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#1 TRIKRELETHERNKE
Table 1 Different metabolites under different concentration treatments

R VIP P value
Metabolite Lvs. M (A) Lvs. H (B) Hvs. M (C)

‘H ¥R Glyceric acid (GA) 1.275 57 1.044 03 1.249 10 0.05
FLH Lactose 1.233 39 1.251 95 1.239 97 0.05
2 F UM Galactose 1.035 96 - - 0.05
SRR Tsocitric acid 1.230 16 - 1.204 99 0.05
N5 15, 3k 1% cis-aconitic acid - 1.297 92 1.208 94 0.05
Hi % BE12 Gluconic acid - - 1.098 68 0.05
JIRT 5"- BARM AR Adenosine 5'-monophosphate (AMP) 1.181 32 1.133 22 1.217 46 0.05
3-TMR HhER 3-phosphoglyceric acid (3-PGA) 1.122 55 1.044 00 - 0.05
a-iil % % 2-ketoglutaric acid (0-KG) 1.274 38 1.298 10 1.217 49 0.05
Hi%IWE-1-H5M2 Glucose-1-phosphate (G-1-P) 1.080 08 1.210 83 1.088 54 0.05
S8 Fructose 1.165 38 1.220 86 - 0.05
HEH &K MR Fumaric acid (FA) 1.210 31 1.280 28 1.171 28 0.05
AR Pyruvic acid (Pyru) - 1.278 47 1.198 18 0.05
S -6-W 2 Fructose-6-phosphate - - 1.060 63 0.05
¥ Citric acid (CA) 1.151 17 1.281 12 1.141 58 0.05
12 1% Pantothenic acid - - 1.058 21 0.05
Wi M2 Lipoic acid 1.262 62 - 1.248 14 0.05
y-2 3£ TR Gamma-aminobutyric acid 1.100 94 - 1.075 22 0.05
HBE-5-12 Ribose-5-phosphate - 1.206 29 1.180 75 0.05
P % Alanine (Ala) 1.084 34 1.074 28 1.138 98 0.05
L- KA1 L-asparagine (Asn) 1.117 86 1.184 39 1.154 51 0.05
L-RAE R L-aspartic acid (Asp) 1.091 34 - 1.118 61 0.05
L-JIVE R L-citrulline (Cit) 1.072 24 1.034 54 1.053 21 0.05
L-JJE 42 L-cystine (Cys) - 1.088 59 - 0.05
L-#3 %% L-clutamic acid (Glu) 1.041 11 1.059 08 - 0.05
L-H & L-glycine (Gly) 1.104 49 1.181 08 - 0.05
L-5E58 AR L-isoleucine (Ile) 1.092 01 1.171 17 - 0.05
L-+% 2R L-leucine (Leu) 1.104 83 1.169 53 - 0.05
L-AE A% L-glutamine (Gln) 1.013 02 - - 0.05
19,42 Ornithine (Orn) 1.089 45 - 1.093 04 0.05
L-#i &% L-lysine (Lys) - - 1.014 83 0.05
L-F 22 L-methionine (Met) - 1.088 55 - 0.05
L- KN &2 L-phenylalanine (Phe) 1.100 52 1.185 35 1.000 82 0.05
L-ifi &2 L-proline (Pro) 1.116 14 - 1.104 15 0.05
L-#2% /R L-serine (Ser) - 1.130 53 - 0.05
L-#1 & % L-threonine (Thr) 1.029 69 1.175 88 1.037 14 0.05
L- {6 %% L-tryptophan (Trp) - 1.081 23 - 0.05
L-f &R L-tyrosine (Tyr) 1.006 72 1.106 14 - 0.05
L-4% 2 L-valine (Val) 1.072 58 1.171 24 1.006 47 0.05
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Figure 4 Cluster analysis of differential metabolites of comparison groups.
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Figure 5 KEGG enrichment analysis of different comparison groups. A: Comparison groups of L vs. M; B:

Groups of L vs. H; C: Groups of H vs. M.
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KA R R M4 & R AL 14 (alanine, aspartate and
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A ST S N 9 Tl 420 KL R A 456 1R M 1 L TR
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kD Glu Az pl,  BR il & e e i At Sy
AR A, Asp i K A HE BRI G
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