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Disruptive effects of fluoride exposure on the insect gut
microecosystem

LI Guannan', XIAO Yi', LU Sijunz, LI Chenghanz, WEN Xiaozhi’, ZHAO Tianfu'"

1 State Key Laboratory of Resource Insects, College of Sericulture, Textile and Biomass Sciences, Southwest
University, Chongqing, China
2 Westa College, Southwest University, Chongqing, China

Abstract: [Objective] To investigate the effects of fluoride exposure on the gut microecosystem of
the model insect Bombyx mori and elucidate the toxic mechanisms of fluoride under different
conditions on insect hosts. [Methods] We measured physiological enzyme activity changes in the
gut tissue of B. mori following fluoride exposure and observed histopathological changes by using
hematoxylin and eosin (HE) staining. We also analyzed the dynamic changes in gut microbiota by
using 16S rRNA amplicon sequencing and examined the expression changes of immune-related
genes in gut tissue by qPCR. [Results] Fluoride exposure significantly increased the malondialdehyde
(MDA) level and decreased the reduced glutathione (GSH) level in the gut tissue. Enzyme activities of
catalase (CAT), superoxide dismutase (SOD), acetylcholinesterase (AChE), carboxylesterase
(CarE), alkaline phosphatase (AKP/ALP), and lactate dehydrogenase (LDH) were also markedly
suppressed. Additionally, we observed epithelial cell rupture and separation from the basement
membrane. The Toll immune pathway was inhibited, which resulted in significantly reduced
expression of antimicrobial peptide genes, such as attacin, cecropin, lebocin, and lysozyme. Gut
microbiota analysis revealed significant declines in the relative abundances of Glutamicibacter,
Staphylococcus, Acinetobacter, and Methylobacterium. The gut microbiota exhibited notable
structural heterogeneity with strengthened functions related to metabolic pathways and biosynthesis
of secondary metabolites. [Conclusion] Fluoride exposure significantly weakened the host insect’s
antioxidant capacity, basal metabolism, and immune function, damaged the integrity of gut tissue,
and caused gut microbiota dysbiosis. This disruption of the gut microecosystem might be a major
factor contributing to reduced insect species diversity and biomass.

Keywords: model insect Bombyx mori; fluoride exposure; immunity; physiological indexes; gut
microbiota
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Table 1 Primers used in the RT-qPCR of the related genes in the silkworm

Gene name Primer sequences (5'—3") Amplicon size (bp)

Actin3 F: GCACGTGTAGCTGCGAAAAA 147
R: TTAAACAATGGCGGCTGTGC

Att2 F: TTCAAACAGAAGGTGGGC 210
R: GACGGAGATTGGAACAGG

CecA F: CCAAAGACGCATTTAGCTTG 136
R: ACTCGGTCACTCTGAGAAAG

CeB6 F: TCCTTCGTCTTCGCTCTG 164
R: GATGCCGTCACGGATGTT

CecD F: CTCCCGGCAACTTCTTCA 186
R: CGAACCCTCTGACCCATT

Lebl F: GGTTCATCCAGCCGACCTAC 292
R: GTGTTACGGTGGCTCTCGAT

Lys F: CAGCCGTGACACATCCAAGA 140
R: TCAGGAGGTCGGAGCACTTA

Cactus F: CCTCCGCTGTATCTACTGTTCC 188
R: ATGGCATTACCACTCATCACC

Spz F: AGCGTAAGTCAGTCG CCAAA 346
R: GAGAGTCGTCCGTTTGAGCA

Rel F: GAACAGCCACAGGACTACTTTA 293

R: ATGATACCCATTCCACCGAAC
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Figure 1

Effect of fluoride on the physiological and metabolic enzyme systems of insect hosts. A:

Malondialdehyde; B: Reduced glutathione; C: Catalase; D: Superoxide dismutase; E: Acetylcholinesterase; F:

Carboxylesterase; G: Alkaline phosphatase; H: Lactate dehydrogenase.
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Figure 2 Histological observation of the insect gut after fluoride exposure.
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Figure 3  Effects of fluoride on the gut barrier and expression of related immune genes in insects. A: Cautus; B:
Spz; C: Rel; D: Att2; E: CecA; F: CecB6; G: CecD; H: Lebl; 1. Lys.
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Figure 4 Effects of fluoride on the structure of gut microbiota structure in insect hosts. A: The phylum and
genus levels of intestinal microbiota; B: Alpha diversity estimated by the number of observed species and the
Shannon, Chaol, and Sobs indexes; C: PCoA based on the weighted UniFrac distance matrix from all the
samples; D: Analysis of the microbial dysbiosis index; E: Difference analysis of the predominant bacterial genera;

F: LEfSe comparison of the most differentially abundant taxa among the groups.
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Figure 5 Effects of fluoride on the function of gut microbiota in insect hosts. A: Classifications of the intestinal
microbiota based on COG categories; B: Examination of changes in KEGG pathways within insectintestinal
microbiota after fluoride exposure; C: Analysis of the phenotypic traits exhibited by silkworm intestinal
microbiota.
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