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Influence of Microplastics on the Growth and the Intestinal Microbiota Composition of Brine Shrimp
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Microplastics (MPs) are ubiquitous in the aquatic environment and can be frequently ingested by zooplankton, leading to various effects. Brine shrimp (Artemia parthenogenetica) has an important role in the energy flow through trophic levels in different seawater systems. In this work, the influence of polyethylene (PE) and polystyrene (PS) MPs on the growth of brine shrimp and corresponding changes of gut microbiota were investigated. Our results showed that the MPs remarkably reduced the growth rate of brine shrimp, and the two types of MPs have different impacts. The average body length of brine shrimps was reduced by 17.92 and 14.95% in the PE group and PS group, respectively. MPs are mainly found in the intestine, and their exposure evidently affects the gut microbiota. By using 16S rRNA gene high-throughput sequencing, 32 phyla of bacteria were detected in the intestine, and the microbiome consisted mainly of Proteobacteria, Firmicutes, and Actinobacteria. MPs’ exposure significantly increased the gut microbial diversity. For the PE group, the proportion of Actinobacteria and Bacteroidetes increased by 45.26 and 2.73%, respectively. For the PS group, it was 54.95 and 1.27%, respectively. According to the analysis on genus level, the proportions of Ponticoccus, Seohaeicola, Polycyclovorans, and Methylophaga decreased by 46.38, 1.24, 1.07, and 2.66%, respectively, for the PE group and 57.87, 1.43, 0.88, and 2.24%, respectively, for the PS group. In contrast, the proportions of Stappia, Microbacterium, and Dietzia increased by 1.12, 23.27, and 11.59%, respectively, for the PE group, and 1.09, 3.79, and 42.96%, respectively, for the PS group. These experimental results demonstrated that the ingestion of MPs by brine shrimp can alter the composition of the gut microbiota and lead to a slow growth rate. This study provides preliminary data support for understanding the biotoxicity of MPs to invertebrate zooplankton and is conducive to the further risk assessment of MP exposure.
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INTRODUCTION

Microplastics (MPs), as a new type of pollutant, have become one of the hotspots of studies by scientists in recent years. MPs are plastic wastes that broke down into smaller particles or plastic microspheres by processes such as ultraviolet radiation, waves, ocean current (Law et al., 2010), and microbial degradation (Cozar et al., 2014). They can enter the water environment through different pathways, like fishing plastic tools and marine litter transported from rivers, and through indirect pathways such as ocean currents and wind (Browne et al., 2007; Andrady, 2011).

Due to their inert nature and small size, MPs can present in the environment for a long time and be easily absorbed by surrounding organisms. They have been widely found in organisms such as black-horned algae, Asian clams, plankton (Su et al., 2016), corals (Hall et al., 2015), zooplankton (Setala et al., 2014), mussels, and oysters (Van Cauwenberghe and Janssen, 2014), as well as the fish in the English Channel (Lusher et al., 2013). MPs can be transferred between organisms at different trophic levels (Farrell and Nelson, 2013) and even translocated between various organs in the organism (Browne et al., 2008). Therefore, MPs have the potential to be transferred through the food chain to animals and humans, which will pose a serious threat to the safety of ecosystem and human health.

Upon digestion, MPs can accumulate in the worm’s intestine for a long time (Wright et al., 2013). Ziajahromi et al. (2018) evaluated the effects of four different sizes of polyethylene (PE) MPs on the growth and survival of Mucor larvae. Their results showed that MPs can affect the body length, survival, and reproduction of the animal. Lo and Chan (2018) used polystyrene (PS) microspheres to feed plankton larvae. Under the conditions of feeding the same number of algae, the growth rate of the larvae decreased significantly (Lo and Chan, 2018), which was consistent with this study. Previous studies have shown that MPs can affect the structure and abundance of intestinal flora. Xia et al. (2018) concluded that exposure of 1,000 μg⋅l–1 MPs will significantly reduce the abundance of Bacteroidetes and Proteobacteria in the zebrafish’s gut and increase the abundance of Firmicutes. Ju et al. (2019) found that PE can change the structure of gut microbiota and evidently reduce Wolbachia in the Proteobacteria in gut microbiota of soil collembola and increase the proportion of Bradyrhizobiaceae, Ensifer, and Stenotrophomonas.

Invertebrate zooplankton have an important role in the energy flow through trophic levels in different seawater systems. Brine shrimp (Artemia parthenogenetica) is a widely used model organism for toxicology research. It is a filter-feeding animal and can non-selectively filter a large amount of water per hour; therefore, it is more likely to be exposed to pollutants like MPs. Studies showed that a greater abundance of lipid droplets appeared in gut epithelia of brine shrimp after 24 h of PS exposure at a concentration of 10 particles/ml and intestinal epithelia were deformed and disorderedly arranged after 14 days of exposure (Wang et al., 2019a). Suman et al. (2020) reported that exposure to PS MPs in brine shrimp caused the upregulation of pyrimidodiazepine synthase and Crammer protein, indicating the increasing generation of ROS and accelerated apoptosis after exposure to PS MPs (Suman et al., 2020). Although there are some studies that reported the biotoxicity of MPs on brine shrimp, most of them are conducted with exposure of a high concentration of MPs within a short time, and there is lack of information on the gut microbiota change after long-term exposure with MPs.

Therefore, the purpose of this paper is to (1) investigate the effects of long-term MP exposure on the growth of brine shrimp with PE and PS MPs and (2) analyze the effects of long-term MP exposure on the structure and diversity of brine shrimp gut microbiota and discuss the relationship between MP exposure, growth inhibition, and the changes of microbial diversity. This is the first investigation on the intestinal microbial diversity change of brine shrimp after long-term MP exposure, and the evidence in this study will provide background information for MP toxicity studies and risk control strategies in future.



MATERIALS AND METHODS


Materials

The Artemia cysts were purchased from Tianjin Haiyoujiayin Biotechnology Co., and kept frozen at −20°C until use. Artificial seawater was prepared by diluting the commercial sea salt (CNSIC Marine Biotechnology Co. Ltd., Jiaozhou, China) in purified water. During the experiment, a few grams of Artemia cysts were weighed and incubated in an incubator filled with artificial seawater. The artificial seawater was aerated for 2 h, of which the DO was controlled at 6.5 ± 0.5 mg/l and salinity at 32.3 ± 0.5‰. The pH was 8.5 ± 0.5, and the illumination was 2000 xl. PE and PS were purchased from Zhonglian Plastic Co. (Dongguan, China) with an average size of about 150 μm.



Exposure Experiment


Artemia Growth Tests

To explore the effects of PE and PS MPs on the growth of brine shrimp, three treatments were set in this work, namely, CK (original seawater), PE (CK + 100 mg/l PE MPs, about 1.26 × 106 items/m3), and PS (CK + 100 mg/l PS MPs, about 1.10 × 106 items/m3). Each treatment had three replicates (n = 3). The content of 100 mg/l MPs was used in this study, which was also widely employed in other studies (Wang et al., 2019a,b). Artemia cysts (0.2 g) were hatched in a culture barrel for each treatment and were fed with 100 ml/day of Chlorella algal solution (∼1 × 105 cells/ml). During the 45-day MP exposure, for each treatment, 10 brine shrimps were collected with a glass pipette every 3 days and observed under a microscope (BX53F, Olympus, Tokyo, Japan). The distribution of MPs in brine shrimp was observed under a stereomicroscope (SZX16, Olympus, Japan). The body length was measured, and the distribution of MPs in the gut was photographed by using cellSens Entry software (Olympus, Japan).



Microplastic Sample Analyses

Polyethylene and PS MPs used in this experiment were measured under a stereomicroscope (SZX16, Olympus, Japan). Brine shrimp guts were collected and digested for 3 h with 69% nitric acid at 70°C to isolate ingested MPs in the gut. FTIR analysis was conducted on a FTIR Spectrometer (IRAffinity-1, Shimadzu, Japan). Raman spectra were recorded by using a Raman spectrometer (Oceanhood, China) with a 785-nm laser. Laser excitation power was set to 200 mW, and integration time was set to 0.5 s. The surface morphology of MPs was observed through a FEI Quanta 650 FEG SEM (Thermo Fisher Scientific, Waltham, MA, United States) with an X-ray microanalysis device (EDS). For FTIR and EDS, both pristine and ingested MPs were measured.



Gut Microbiota’s 16S rRNA Gene Sequencing and Data Analyses

High-throughput sequencing of the 16S rRNA gene of gut microbiota was conducted on an Illumina MiSeq platform at Majorbio Genomics Institute (Shanghai, China). First, the gut of the brine shrimp was collected and transferred to a centrifuge tube. Then, DNA was extracted by using the E.Z.N.A. Soil Kit. PCR amplification of the v3–v4 variable region was conducted by using the universal primer 338F (5′-ACTCCTACGGGAGGCAGCAG-3′) and 806R (5′-GGACT ACHVGGGTWTCTAAT-3′). The amplification procedure was as follows: 95°C pre-denaturation for 3 min, followed by 29 cycles (95°C denaturation for 30 s, 55°C annealing for 30 s, 72°C extension for 30 s) and a final extension of 72°C for 10 min. The amplification system contained 20 μl with 4 μl 5 × FastPfu buffer, 2 μl 2.5 mM dNTPs, 0.8 μl primers (5 μM), 0.4 μl FastPfu polymerase, and 10 ng DNA template. The amplification products were recycled by using 2% agarose gels and then purified and eluted with Tris–HCl. Electrophoresis was performed using 2% agarose gels.



Statistical Analyses

The statistical analysis was performed using Excel and Origin software, and the FTIR spectra of MPs were analyzed using OMNIC software. The differences of Artemia’s body length and the growth rate of different treatments of MPs were analyzed by t-test, and the difference is significant at the 0.05 level.

Sequencing was performed on an Illumina’s Miseq PE300 platform (Shanghai Meiji Biomedical Technology Co., Ltd., Shanghai, China), and the raw data were uploaded to the NCBI database for comparison under the submission ID SUB9330660 and BioProject ID PRJNA716455. The quality of original sequences was controlled by Trimmomatic software and spliced by FLASH software. Based on the 97% similarity, the sequences were OTU clustered by UPARSE and chimeras were eliminated by UCHIME. The species classification of each sequence was annotated using the RDP classifier. We set a threshold of 70% and compared the sequences with the Silva database.



RESULTS


Growth Inhibition and the Presence of Microplastics in the Gut

To explore the effect of MP exposure on the growth of brine shrimp, the body length of brine shrimp and the distribution of MPs in the gut were analyzed. The growth of brine shrimp went through a sluggish phase, an exponential growth phase, and a stable phase, namely, the first 10 days, from 10 to 36 days, and after 36 days (Figure 1A). In the sluggish period, there was no significant difference between the treatment group (PE and PS) and the CK group on the growth rate. However, there are remarkable differences between them in the exponential growth period. After 36 days, the growth of brine shrimp entered the stable phase and the body length reached the maximum. Figure 1B shows three typical points of different treatments which demonstrated the difference among the three growing stages.
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FIGURE 1. (A) Growth curves of brine shrimps treated with different MPs; (B) body length comparison between brine shrimps measured at 6, 24, and 42 days; comparison of average body length (C) and average growth rate (D) of brine shrimps treated with different MPs. Significance levels are indicated as *p < 0.05 and ***p < 0.005.


The average body length of brine shrimps in CK, PE, and, PS was 8,091, 6,641, and 6,881 μm, respectively. The growth rate of brine shrimps in PE and PS was significantly different from that of CK (p < 0.05). Compared with CK, the growth rate of brine shrimps in PE and PS was 17.92 and 14.95% lower, respectively (Figure 1C). During the whole growth period from hatching to stabilization, the average growth rates of treatments CK, PE, and PS were 179.8, 147.6, and 152.9 μm/day, respectively (Figure 1D). The exposure of MPs decreased the average growth rate significantly, and the effect of the PS treatment is more serious.

Figure 2 shows microscopic photos of brine shrimps and MPs. As is shown, MPs can be found in the intestine of brine shrimps after exposure with PE (Figure 2e) and PS (Figure 2f), while no MPs were found in CK (Figure 2d). In addition, there were no MPs distributed in other tissues. These data confirmed that MPs can be ingested by brine shrimp and distributed in the intestine.
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FIGURE 2. Microscopic photos of brine shrimp (a), PE MPs (b), and PS MPs (c), and brine shrimp intestines of untreated CK (d), treated with PE (e) and treated with PS (f).




Characterization of Microplastics

Figure 3 shows the SEM images of both pristine MPs and extracted MPs after ingestion. The company claimed that these MPs have an average size of about 150 μm; however, they are actually composed of small particles of uneven sizes (PE: from 40 to 220 μm, PS: from 30 to 300 μm). The surface of PE MPs was smoother than PS MPs. Figures 4A,B shows FTIR spectra of pristine and extracted MPs from shrimp gut in order to identify their compositions. The FTIR spectra of the pristine PE and PS MPs have identical patterns with PE and PS standards, respectively, confirming that there are no detectable additives in these chemicals. Raman analysis results are consistent with FTIR results (Supplementary Figure 1). The Raman spectrum for PE showed typical PE bands at 1,063.5, 1,129, 1,296, 1,440, 2,845, and 2,886 cm–1 (Fraser et al., 1995). The aromatic ring chain vibrations for PS at 1,000 and 1,600 cm–1 in Raman spectra were distinct (Kappler et al., 2016). The FTIR spectra of the extracted PE and PS MPs are consistent with those of the pristine MPs, demonstrating that the ingested particles are MPs. In the FTIR spectra of extracted PE and PS MPs, distinctive peaks located at around 1,715 and 1,635 cm–1 are found, representing the C=O group (Gieroba et al., 2020), which may generate by treatment by nitric acid during MP exaction. Figure 5 presents the energy-dispersive X-ray spectra of MPs. Elements of carbon and oxygen were abundant in extracted MPs while only carbon was abundant in pristine MPs, which was consistent with FTIR measurement.
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FIGURE 3. SEM images of pristine PE MPs (a,b), extracted PE MPs (c), pristine PS MPs (d,e), and extracted PS MPs (f).
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FIGURE 4. The FTIR spectra of PE MPs (A) and PS MPs (B).
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FIGURE 5. EDS spectra of PE MPs (A) and PS MPs (B).




Dysbiosis of Gut Microbiota Caused by Exposure of Microplastics


Bacterial 16S rRNA Gene Sequencing

Table 1 indicates that the length of all the sequences obtained from the three samples (CK, PE, and PS) was between 205 and 408 bp. A total of 1,286 OTUs were obtained. To compare the diversity among the three groups, the Venn diagram was employed to show shared and unique communities (Figure 6). There were 153 common OTUs shared by the three groups. CK, PE, and, PS harbored 85, 537, and 281 unique OTUs, respectively.


TABLE 1. Sequencing data statistics for the different samples.
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FIGURE 6. Venn diagram of the number of OTUs in different treatment groups. There are 304 OTUs in the control group, 904 OTUs in the PE group and 614 OTUs in PS group. The three samples share 153 OTUs, accounting for 50.33, 16.92, and 29.92%, respectively.




Change of the Diversity of Intestinal Microbes

The rank-abundance curve was drawn (Figure 7A) representing the species richness and evenness. The curve of CK was narrower and showed a sharp downward trend, indicating that the gut microbiota of brine shrimp had a lower diversity. However, PE and PS were more flat and wider, indicating a higher diversity. The Good’s coverage values ranged from 0.9363 to 0.9791 (Figure 7B). The dilution curve of all the three samples gradually flattens with the increase of the sequencing number, indicating that the sequencing depth was sufficient to cover all species from samples. The Shannon index curve tends to flatten with the increase of the number of sequencing lines, indicating that the amount of sequencing data is large enough to reflect the vast majority of taxa. As the amount of sequencing increased, the dilution curve was constantly flattening, indicating that the sequencing depth was sufficient to cover all taxa and reflect the diversity and richness of species and that the curves tended to saturation (Figure 7B). In comparing the Shannon diversity and Chao richness, the index of PE and PS increased remarkably compared with that of CK (Figures 7C,D). In addition, the increase of the Shannon and Chao indexes of PE was greater than that of PS.
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FIGURE 7. Changes of the diversity of intestinal microbes in different groups. (A) Rank-abundance curves, (B) sequencing coverage curves, (C) Shannon diversity curves, and (D) Chao richness curves.




The Composition of the Intestinal Microbial Structure of Brine Shrimp

With the relative abundance of species greater than 0.01 as the standard, the species composition was analyzed at the phylum and genus levels.


The structure on the phylum level

Four main phyla were detected in the community bar-plot analysis, namely, Proteobacteria, Actinobacteria, Firmicutes, and Bacteroidetes (Figure 9A), and the abundances of the four phyla in treatment CK, PE, and PS were (86.83, 34.92, 26.80), (8.68, 53.94, 63.63%), (1.47, 3.92, 4.07%), and (1.34, 4.07, 2.61%), respectively. Proteobacteria accounted for the largest proportion in treatment CK. However, Actinobacteria had the highest abundance in both treatment PE and PS. Besides, Firmicutes increased greater in treatment PE, and Bacteroidetes increased greater in treatment PS. The heat-map chart based on the phylum level showed that the four phyla in red account for the main proportion of gut microbiota, which was consistent with the results of the bar-plot analysis (Figure 9B). The flora of the PE and PS treatments’ cluster relationship was closer compared with treatment CK, which can be seen from the abundance of the flora.



The structure on the genus level

The genera with abundance greater than 0.01 were Ponticoccus, Dietzia, Microbacterium, Ralstonia, Peredibacter, Methylophaga, Seohaeicola, Stappia, and Polycyclovorans (Figure 8A). The heat-map chart based on the genus level showed that the three treatments all had higher species richness (Figure 8B). Compared with treatment CK, MP treatments had lower abundance of Ponticoccus and higher abundance of Dietzia, Microbacterium, and norank_o_Microtrichales. Ponticoccus had the largest proportion in treatment CK as high as 67.36% and was relatively low in both MP treatments, which were lower than 25%. The top three genera with the highest abundance in treatment PE are Microbacterium (23.51%), Ponticoccus (20.98%), and Dietzia (17.37%), and its Microbacterium was the highest among the three treatments. The top three genera with the highest abundance in treatment PS are Dietzia (48.74%), Ponticoccus (9.49%), and norank_o_Microtrichales (7.89%), and Dietzia has the highest abundance among the three treatments. Both Dietzia and Microbacterium belong to Actinomycetes.
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FIGURE 8. Relative abundance of intestinal microbiota at the genus level: (A) bar plot and (B) heat map chart.
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FIGURE 9. Relative abundance of intestinal microbiota at the phylum level: (A) bar plot and (B) heat map chart.


In the phylogenetic tree of intestinal species on the genus level (Figure 10), Ponticoccus, Methylophaga, and Ralstonia accounted for a relatively large proportion and their proportion in treatment CK was much larger than that in treatments PE and PS. These three bacterial genera’s evolutionary relationship was relatively close, and they all belong to the phylum Proteobacteria. Dietzia, Microbacterium, and Microtrichales had greater abundance in treatments PE and PS than treatment CK and had a close evolutionary relationship, and all belonged to the phylum Actinomycota.
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FIGURE 10. The phylogenetic tree of intestinal species at the genus level. It is based on the top 20 species in relative abundance. The left panel shows the phylogenetic tree, and the right panel denotes the species proportion relationship.




DISCUSSION


Impact of Microplastics on Brine Shrimp’s Growth

During the entire growth period, both PE and PS MPs significantly reduced the growth rate of brine shrimp and the average body length of adult brine shrimp. Previous studies had shown similar effects of MP exposure on other aquatic animals, including hippocampus and fish (Naidoo and Glassom, 2019; Sun et al., 2019). The remarkably altered growth rate and survival rate of test animals verified that the impact of MPs on the aquatic ecosystem was considerable. Our results illustrated that most of MPs were accumulated in the intestine and they can cause intestinal blocking which may reduce the feeding rate, finally leading to a lower growth rate of brine shrimp. Besides, the MPs that remained in the gut may damage the epithelial cells of the digestive tract. Previous reports have evidenced that MPs can accumulate in various aquatic organisms, including fish and zooplankton (Lusher et al., 2015; Kokalj et al., 2018). Mattsson et al. (2015) found that intake of MPs can decrease the sport and feeding activities of black crucian carp. The ingestion of MPs was also found reducing the feeding rate of Daphnia magna and copepod plankton (Barnes et al., 2009; Cole et al., 2013; Rist et al., 2017), and decreasing the number of microvilli in epithelial cells of A. parthenogenetica (Wang et al., 2019b). MPs are also reported causing liver inflammation and lipid accumulation in zebrafish, affecting lipid and energy metabolism (Lu et al., 2016). In comparison to that of PS MPs, PE MPs had a greater inhibition effect on the growth rate of brine shrimp. After entering the stable growth stage, the average growth rate of brine shrimps in the PE group was smaller than that of brine shrimps in the PS group. This phenomenon demonstrated that PS and PE had different toxicities toward brine shrimp. Therefore, the different physiochemical properties and environmental behavior MPs may be the reason why they have different toxic effects on aquatic animals. As a whole, the intake of MPs can bring physical blocking and biochemical toxicity to brine shrimps and may lead to damage of intestinal epithelial cells, which caused intestinal inflammation and altered the material and energy metabolism in the brine shrimp body, resulting in the inhibition of brine shrimp’s growth.



Impact of Microplastics on Brine Shrimp’s Gut Microbiota

The type of host feeding is a key factor affecting the diversity of the gut microbiota (Voreades et al., 2014). PE and PS MPs increased the abundance of the gut microbiota of brine shrimp. It is shown in Figures 7, 9 that the presence of PE and PS shifted the structure of brine shrimp gut microbiota and increased the microbial diversity. Among the four main microbial phyla detected in the gut of brine shrimp, the proportion of Proteobacteria under MP exposure was reduced, and the proportions of Actinomycetes and Bacteroides were significantly increased. The sharp increase of Bacteroides led to an imbalance between microbial populations, which may affect the material metabolism process of brine shrimp and caused its slower growth. This result is consistent with a previous report on zebrafish. Wan et al. found that PS particles can significantly affect the gut microbiota in both larval zebrafish and adult zebrafish. MP exposure changes the ratio of Bacteroides to Firmicutes, affecting energy metabolism, glucose metabolism, and lipid metabolism, interfering the growth of zebrafish (Wan et al., 2019). The presence of balanced gut microbiota plays an important role in the animal growth and health. The number of total bacteria, Firmicutes, Proteobacteria, and Actinobacteria can affect the growth and disease resistance of fishes (Teame et al., 2020). This study confirmed that changes in the gut microbiota caused by MPs will affect the growth and development of aquatic organisms.

According to the analysis at the genus level, the proportions of Ponticoccus, Seohaeicola, and Stappia in phylum Proteobacteria decreased, and the proportions of Methylophaga and Polycyclovorans in phyla Proteobacteria, Microbacterium, and Dietzia in phylum Actinomycota increased (Figure 8). Dietzella has been reported to be related to human diseases (Bemer-Melchior et al., 1999), and infection of Dietzella can lead to symptoms of pneumothorax and septic shock. There is also evidence that infection of pine wood nematodes by Actinomycetes can impair their movement ability and remarkably increase the mortality (Liu et al., 2019). Therefore, it was reasonable to speculate that the increase of Dietzella may impair the intestinal health of brine shrimp. Methylophaga and Polycyclovorans have been reported to play roles on the degradation of hexose and pentose oligomers. The decrease of Methylophaga and Polycyclovorans may limit the utilization of carbon sources for brine shrimp and therefore slow down its growth rate (Wang et al., 2020). In addition, studies have shown that the uncontrolled augmentation of Proteobacteria can facilitate inflammation or invasion by exogenous pathogens (Shin et al., 2015). As to genus Stappia, bacteria of this genus have been isolated from the various habitats (Kim et al., 2006; Kumar et al., 2011; Kampfer et al., 2013), and they are found to participate in various processes, such as viral defense, secondary metabolite production, polyamine metabolism, polypeptide uptake membrane transport, and putative energy neutral pressure-dependent CO2 fixation (Vick et al., 2020). There were few reports on the function of genera Ponticoccus, Seohaeicola, and Stappia in the organisms’ gut; their potential roles merit further investigation. In a word, MP exposure can alter the structure of gut microbiota, break the balance between the populations, and even create an environment conducive to the growth of pathogens. These changes can further disturb the metabolism of material and energy and are supposed to be the main reasons for affecting the growth of brine shrimps.

Our results preliminarily demonstrated that there was a link between the composition changes of the shrimp’s gut microbiota and the slow growth rate. Figure 11 showed the schematic of the effect of MP exposure on the growth and the intestinal microbiota composition of brine shrimp. The disorder degree of gut microbiota was consistent with growth rate inhibition: PE MP exposure induced a more severe disorder of gut microbiota and led to a greater inhibition on the growth rate. The microbial composition at the phylum level for each treatment was changed with the similar trend. However, there exist many factors that impact the growth rate of brine shrimps. The roles of gut microbiota involved in this impact can be further revealed by various other methods, such as meta-transcriptomic and meta-genomic analyses. In addition, although this work and the increasing body of literature on MPs have demonstrated the existence of the relationship between altered growth rate and gut microbiota, the detail mechanisms need to be further explored.
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FIGURE 11. Schematic of the effect of MP exposure on composition of intestinal microbiota (dominant phyla, significant genera) and growth of brine shrimp. “+” means high, and “−” means low.




CONCLUSION

We studied the influence of long-term exposure of MPs (PE and PS) on the growth of brine shrimp (A. parthenogenetica), and a preliminary investigation on the gut microbiota was conducted to explore the reason for inhibition of growth rate by exposure of MPs. Our current work demonstrated that the long-term exposure of brine shrimp to MPs significantly inhibited the growth rate of brine shrimp. Different MPs have different impacts on the growth of brine shrimp. High-throughput sequencing results revealed that MP exposure significantly changed the diversity of gut microbiota. The disorder degree of gut microbiota was consistent with growth rate inhibition: PE MP exposure induced a more severe disorder of gut microbiota and led to a greater inhibition on the growth rate. The microbial composition at the phylum level for each treatment was changed with the similar trend. The relative abundance of Ponticoccus, Seohaeicola, and Stappia in phylum Proteobacteria was remarkably decreased, and the relative abundance of Methylophaga and Polycyclovorans in phyla Proteobacteria, Microbacterium, and Dietzia in phylum Actinomycota was evidently increased. The alteration of the microbial community structure may disturb energy harvesting and storage and have an adverse impact on the intestinal and body health of brine shrimp, thereby inhibiting its growth. These findings shed new insights into the toxic effects of MPs on brine shrimps and provide an experimental basis for the risk assessment and control of marine plastic debris.
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