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Metabolic responses of Pisolithus tinctorius to acidic aluminum
stress

LYU Yaru, HU Jia, GU Xirong', WEN Sijia, XU Shirui, ZHOU Xiaoyu

College of Resources and Environment, Southwest University, Chongqing, China

Abstract: [Objective] By examining intracellular and extracellular metabolite changes in
ectomycorrhizal fungi (ECMF) under acidic aluminum stress, we identified key resistance-related
metabolites and pathways, aiming to elucidate the aluminum tolerance mechanisms from the
perspective of metabolic physiology and offer a theoretical basis for using ECMF in restoring
aluminum-contaminated forests. [Methods]| Pisolithus tinctorius was cultured in vitro in the acidic
medium (pH 3.8) containing 0.0 mmol/L or 1.0 mmol/L AI’" . Untargeted metabolomics was
employed to analyze changes in intracellular and extracellular metabolite levels. [Results]
Compared with that under the 0.0 mmol/L A’ treatment, the colony diameter of P. tinctorius under
1.0 mmol/L AI’" stress decreased significantly by 23.67%. In addition, the intracellular levels of
nucleotides including uridylic acid, cytidine monophosphate, uridine, uridine diphosphate, cytidine,
and guanosine were upregulated under 1.0 mmol/L AI’* stress. Extracellular levels of organic acids
such as shikimic acid, fumaric acid, heptanoic acid, and tartaric acid, along with carbohydrates
including L-arabinose, trehalose, sucrose, and glucose, were also upregulated. Pyrimidine
metabolism and citric acid cycle pathways were enriched intracellularly, while ABC transporters
and phosphotransferase system pathways were enriched extracellularly. The potential biomarkers
identified in the intracellular environment was citric acid, and those identified in the extracellular
environment were trehalose and tartaric acid. [Conclusion] Acidic aluminum stress inhibits the
growth of P. tinctorius. Intracellularly, P. tinctorius maintains cellular homeostasis and energy
supply through enhanced nucleotide accumulation and activation of the citric acid cycle.
Extracellularly, P. tinctorius promotes organic acid secretion and carbohydrate efflux to resist
aluminum toxicity and associated oxidative damage.

Keywords: ectomycorrhizal fungi; aluminum toxicity; metabolome
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Figure 1

Effects of acidic aluminum treatment on the growth of Pisolithus tinctorius. A: Diameter of colony (n=5,

solid medium); B: Daily growth of diameter (=5, solid medium); C: Growth inhibition rate (n=5, solid medium);
D: Dry weight (n=3, liquid medium); E: Filtrate pH (n=3, liquid medium); F: Colony morphology. Data are
presented as mean+SD. Significant differences between treatments were analyzed by Student’s t-test (P<0.05).
Pt: 0.0 mmol/L A" +P. tinctorius; Pt+Al: 1.0 mmol/L AP*+P. tinctorius. *: P<0.05; **: P<0.01. The same below.
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Figure 2 PCA plot of intracellular and extracellular metabolites in Pisolithus tinctorius under acidic aluminum
treatment. A: PCA plot of intracellular metabolites in positive ion mode; B: PCA plot of intracellular metabolites

in negative ion mode; C: PCA plot of extracellular metabolites in positive ion mode; D: PCA plot of extracellular

metabolites in negative ion mode (n=0).
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Figure 3 Volcano plots of intracellular (A) and extracellular (B) metabolites in Pisolithus tinctorius under acidic
aluminum treatment. 9-OxoODE: 10E, 12Z-9-oxooctadeca-10, 12-dienoic acid; 13-(S)-HOT: 9Z,11E,15Z-(13S)-

hydroxyoctadeca-9,11,15-trienoate. The same below.
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intracellular DEMs; D: Distribution of extracellular DEMs.
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Figure 6 GSEA of intracellular (A) and extracellular (B) metabolites in Pisolithus tinctorius under acidic
aluminum treatment. Type: Direction of enrichment (Up or down); Impact: Pathway impact value; NES:

Normalized enrichment score.
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PREAL G IESIE . 9,10-EOT: 9,10-epoxyoctadecatrienoic acid; 12-OPDA: 12-oxophytodienoic acid.

Figure 7 GSEA of intracellular and extracellular key metabolic pathways in Pisolithus tinctorius under acidic
aluminum treatment. A: Pyrimidine metabolism; B: Alpha-linolenic acid metabolism; C: ABC transporters; D:
Glutathione metabolism. Curve: Accumulation/distribution of metabolite sets in sorted lists; Peak=Running
enrichment score (ES); Barcode: Positions of functional metabolite sets in target lists; Heat map: Core
metabolites enriched in the pathway; FDR: P value after multiple testing, FDR<0.25=Significant enrichment,
stricter; ES: GSEA core index; Higher=Greater enrichment/Stronger pathway association; Positive=Metabolite
sets ranked earlier, Negative=Ranked later; Lowest point=Final pathway ES; NES: Normalized ES. 9,10-EOT: 9,

10-epoxyoctadecatrienoic acid; 12-OPDA: 12-oxophytodienoic acid.
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Figure 8 Metabolic response of Pisolithus tinctorius to acidic aluminum stress.
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