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Distinct biotite weathering effects and mechanisms of
Pseudomonas azotoformans F77 and Pseudomonas paracarnis P1

WANG Yuanli"?, DONG Wen?, HE Linyan’, SHENG Xiafang®"

1 College of Biological and Food Engineering, Anhui Polytechnic University, Wuhu 241000, Anhui, China
2 College of Life Sciences, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China

Abstract: [Objective] To compare the biotite weathering activities and mechanisms between
Pseudomonas azotoformans F77 and Pseudomonas paracarnis P1. [Methods] During the
mineral weathering process, the dissolved Fe and Al concentrations, cell number, pH, gluconic
acid concentration, and residual glucose concentration in the culture medium were determined
to reveal the biotite weathering effects and mechanisms of strains F77 and P1. Furthermore,
RNA-seq was employed to explore the molecular mechanism for the difference in the biotite
weathering effect between the two strains. [Results] During the 5 days of mineral weathering,
strain F77 increased Fe and Al concentrations by 3.3—23.3 folds and gluconic acid
concentration by 27.3—53.9 folds the compared with strain P1. Meanwhile, strain F77 showed
decreased cell number and medium pH compared with strain P1. The data of comparative
transcriptomics showed that strain F77 had more specific genes (2 872) and differentially
expressed genes (1 832) than strain P1 (1 903 and 1 258 genes, respectively). Additionally,
strain F77 carried more genes involved in the membrane transport, carbohydrate metabolism,
cell motility, chemotaxis, and signal transduction than strain P1. Furthermore, strain F77 had
higher fold changes in the expression levels of superoxide dismutase and catalase genes as well
as higher number and fold changes of the genes involved in gluconic acid synthesis than strain
P1. [Conclusion] Strain F77 surpassed strain P1 in weathering the biotite and producing
gluconic acid. Strain F77 promoted the biotite weathering by producing gluconic acid. The
addition of biotite significantly up-regulated the expression of genes involved in the
transmembrane transport, cell movement and chemotaxis, signal induction, and carbon and
energy metabolisms in mineral weathering. Furthermore, the genes involved in gluconic acid
synthesis and encoding superoxide dismutase and catalase may play a role in the mineral
weathering by strain F77.

Keywords: mineral weathering; transcriptome; mineral-microbial interaction; molecular
mechanism; Pseudomonas
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Figure 1

Dissolved Fe (A) and Al (B) concentrations in the presence of strains F77 and P1. Each test was

repeated three times in parallel, and the data represent the meantstandard deviation (SD). *: P<0.05; **:
P<0.01; ***: P<0.001; ****: P<0.000 1; ns: No significant difference.
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culture medium in the presence of strains F77 and P1. Each test was repeated three times in parallel, and the
data represent the meantstandard deviation (SD). ***: P<0.001; ****: P<(0.000 1; ns: No significant
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Figure 4 The number of differentially expressed genes (DEGs) in all of unique genes involved in KEGG
pathway for strain F77 and P1 (A), the number of unique genes related to carbohydrate metabolism pathway
in strain F77 and P1 (B).
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Figure 5 The number of DEGs of strain F77 and P1
cultured at 10 h compared with 4 h.
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Figure 6 Enriched pathways and DEGs of strain F77 and P1 cultured at 10 h compared with 4 h.
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Table 1 Genes fold change related to gluconic acid metabolism, superoxide dismutase and catalase in strain
F77 and P1

Gene Function or description of product Fold change

F77 P1
gcd Glucose dehydrogenase 3.82%%* 1.20%*
gad Gluconate 2-dehydrogenase 2.38%** -
pagF Pyrroloquinoline quinone biosynthesis protein 1.32%%* 1.40%*
pagB Pyrroloquinoline quinone biosynthesis protein 3.19%** 1.94%**
paqC Pyrroloquinoline quinone biosynthesis protein 2.65%** -
pagD Coenzyme PQQ synthesis protein 2.66%** -
pagE Pyrroloquinoline quinone biosynthesis protein 2.84%*%* —1.44**
pagE Pyrroloquinoline quinone biosynthesis protein 1.58%** -
gntP Gluconate transporter 1.67%** -
dsdX Gluconate permease 1.67%%* -
katE Catalase —2.42%%* —5.17%**
cat Catalase 2.21%%* 1.69*
cat Catalase 3.38%** 2.17%%*
cat/echA8 Catalase 29.92%%* 3.34%%*
sod Superoxide dismutase 3.50%** ns

Differentially expressed genes, fold change>1.5; *: P<0.05; **: P<0.01; ***: P<0.001; —: No gene; ns: No significant difference.
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