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Abstract: Microbial activities significantly influence and regulate the concentration and speciation of arsenic in groundwater.

Despite being a typical arsenic-rich area, the Kuitun River Basin has seen limited research on the metabolic characteristics
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of arsenic-metabolizing microorganisms in its groundwater. This study collected 11 groundwater samples from the Kuitun
River Basin for metagenomic sequencing. It analyzed the chemical characteristics of both high- and low-arsenic groundwater,
as well as the associations between the community structure and functional genes of arsenic-metabolizing microorganisms
and various environmental factors. The results revealed that the dominant bacterial phyla in the study area's groundwater
were Proteobacteria, Actinobacteria, and Planctomycetota. At the genus level, low-arsenic samples exhibited a notable
advantage in species richness and diversity. Furthermore, the abundances of Nitrosomonas, Thiobacillus, and Sulfuritalea
were found to be significantly positively correlated with total arsenic (As) concentrations. A total of 12 functional genes
related to arsenic methylation, arsenite (As(IlI)) oxidation, arsenate (As(V)) reduction, and arsenic transport were annotated.
Notably, As concentrations exhibited significant negative correlations with arsC! (arsenate reductase gene) and arsH
(organic arsenic oxidase gene), but a significant positive correlation with AS3MT (arsenite methyltransferase gene). Arsenic
concentration exerts inhibitory effects on the abundance and diversity of arsenic-metabolizing microbial communities and
functional genes, thereby exerting selective pressure on the microbial community and enriching arsenic-resistant
microorganisms in high-arsenic environments. Groundwater microorganisms in the study area exhibit multiple arsenic
metabolic pathways, including arsenic methylation, arsenic redox reactions, and arsenic efflux. Among these, arsenic
methylation stands as the primary pathway of microbial arsenic metabolism in high-arsenic groundwater within this basin.
The relationship between arsenic-metabolizing microbial communities and functional genes, and As concentrations, is
regulated and influenced by multiple environmental factors rather than a singular one. By screening microbial populations
with arsenic metabolism capabilities and their key functional genes, this study has not only deepened our understanding of
arsenic metabolism mechanisms but also provided novel strategies for bioremediation technologies aimed at addressing
arsenic pollution.
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Fig.1 Location map of the study area watersheds
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Table 1 Physicochemical properties of groundwater in the Kuitun River Basin
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Fig. 2 Composition of arsenic-metabolizing microbial communities in groundwater samples

(abundance less than 1% merged into others). Figure (a) phylum-level; Figure (b) genus-level.
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Fig. 3 Non-metric Multidimensional Scaling (NMDS) analysis of arsenic-metabolizing microbial

communities under different arsenic concentrations; Figure (a) phylum-level; Figure (b) genus-level.

Fig. 4 Circos plot of As functional genes at the KO level
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