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Feeding of polystyrene plastics affects the gut microbiota of
Tenebrio molitor larvae

ZHANG Shihan, GUO Cunyu, HUANG Shichen’, FU Minjie"

College of Agriculture, Yanbian University, Yanji 133000, Jilin, China

Abstract: With the popularity of plastics in the human society, more and more waste plastics
and their precursors are left in the environment. In view of the slow degradation of the plastics
in the natural environment, it is in urgent need to develop an effective degradation pathway.
[Objective] To investigate the responses of the gut microbiota and metabolic pathways in
Tenebrio molitor larvae to the feeding of polystyrene, and find an effective way to biodegrade
and utilize polystyrene through food intake. [Methods] The larvae were fed with polystyrene as
the only food source, and the survival rate and body weight of the larvae were recorded. The
changes in the structure of gut microbiota were analyzed by 16S rRNA gene sequencing of the
gut contents. Kyoto encyclopedia of genes and genomes (KEGG) enrichment was performed to
predict the relevant functional genes. [Results] The survival rate and body weight of the
T. molitor larvae fed with polystyrene decreased, and polystyrene plastic was significantly
reduced. The abundance and diversity of gut microbiota significantly decreased in the 7. molitor
larvae fed with polystyrene. The dominant phyla in the gut were Proteobacteria, Tenericutes,
and Firmicutes, and the dominant genera were Spiroplasma, FEnterobacillus, and
Escherichia-Shigella. KEGG analysis predicted a total of 18 genes involved in aromatic and
alkane degradation. The abundance of the pathways associated with polystyrene degradation by
the gut microbiota of 7. molitor larvae feeding on polystyrene increased and the expression of
related genes was up-regulated. [Conclusion] Polystyrene can provide certain material and
energy for the growth and development of 7. molitor larvae and enable them to complete a
generation. After the larvae feed on a single food source for a long time, their gut microbiota
structure will undergo targeted changes. KEGG prediction can identify the genes associated with
polystyrene metabolism, which provides a valuable basis for the subsequent research.

Keywords: Tenebrio molitor; high-throughput sequencing; gut microbiota; polystyrene;
biodegradation
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Figure 1 Scenes of Tenebrio molitor larvae feeding
on polystyrene foam.
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Figure 2  Status of Tenebrio molitor larvae group a (A) and group b (B).
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Figure 3 Changes of survival rate (A) and average larval weight (B) during feeding of Tenebrio molitor
larvae in groups a and b.

F1 a, bAHNREFFRERMIM (0W

Table 1 Independent ¢-test for the survival rate of larvae in groups a and b

Test type Levene’s test for equality of variances t-test for equality of means
F Significance ¢ df Significance Mean Standard ~ 95% confidence interval of
(2-tailed) difference  error the difference
difference Lower Upper
Equal variances 15.844 0.000 -3.764 40 0.001 —-0.073 437 0.0195107 -0.112 869 7 —0.034 004 2
assumed
Equal variances -3.764 27.147 0.001 —0.073 437 0.0195107 -0.113 459 6 —0.033 414 3

not assumed
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R2 a. bAYNRFHEEERMIIE 10
Table 2 Independent ¢-test for the difference of average weight of larvae in groups a and b
Test type Levene’s test for equality of variances t-test for equality of means

F Significance ¢ df Significance Mean Standard 95% confidence interval of
(2-tailed) difference error the difference
difference  Lower Upper
Equal variances 9.506 0.004 —3.587 40 0.001 0.017 474 6 0.004 869 4 —0.027 308 2-0.007 625 2

assumed
Equal variances -3.587 28.105 0.001

not assumed

0.017 474 6 0.004 869 4 —0.027 439 6 —0.007 493 8
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Figure 4 Venn analysis of intestinal microorganism
of Tenebrio molitor larvae. A: Tenebrio molitor
larvae feeding on polystyrene. B: Tenebrio molitor
larvae feeding on wheat bran.
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R3 o ZHMERSN
Table 3  Alpha diversity index analysis

Sample ID OTU ACE Chaol Simpson Shannon Coverage
al 42 47.738 9 47 0.305 1 1.502 4 1
a2 39 42.508 5 41 0.306 1 1.506 2 1
a3 41 42.0533 41.3333 0.314 7 1.490 5 1
bl 70 71.4332 73 0.370 3 1.5139 1
b2 71 71 71 0.365 1 1.5335 1
b3 69 69 69 0.374 1 1.518 6 1

a: Tenebrio molitor larvae feeding on polystyrene; b: Tenebrio molitor larvae feeding on wheat bran.
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Figure 5 PCoA analysis chart. A: Tenebrio molitor
larvae feeding on polystyrene. B: Tenebrio molitor
larvae feeding on wheat bran.
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Figure 6  Adonis analysis box diagram. A:
Tenebrio molitor larvae feeding on polystyrene. B:
Tenebrio molitor larvae feeding on wheat bran.



RIS | UZE WA, 2023, 63(7)

2675

4. 100 8 Patescibacteria B 100y
B Actinobacteria

9 80 = Cyanochteria ~ 804
< B Bacteroidetes &

g B Firmicutes 8

= 60 B Proteobacteria _g 60
_:.% 8 Tenericutes E

2 40 ; 40}
= k=

= =
) & 20}

al a2 a3 bl b2 b3
Sample

7 EMELGHRBEREYREEK

m Others

m Enterobacter

@ Uncultured_bacterium_f Muribaculaceae
| Lactobacillus

@ Lactococcus

m Enterococcus

m Weissella

m Enterobacillus

m Bacillus

m Escherichia-Shigella
B Spiroplasma

0
al a2 a3 bl b2 b3

Sample

Figure 7 Composition of intestinal microbial community of Tenebrio molitor larvae. A: Phylum level. B:

Genus level.
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Figure 8 LEfSe analysis evolutionary branching diagram. A: Tenebrio molitor larvae feeding on polystyrene.

B: Tenebrio molitor larvae feeding on wheat bran.
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Figure 9 Differential analysis of KEGG class2 pathway. A: Tenebrio molitor larvae feeding on polystyrene.
B: Tenebrio molitor larvae feeding on wheat bran.
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Figure 10 The heatmap of KO pathways related to polystyrene degradation based on KEGG pathway.
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