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Introduction
• Globally, harmful algal bloom (HAB) incidence is increasing, and they are predicted to 

continue to increase with climate change [1,2].

• Microcystin (MC) is the most commonly detected cyanotoxin [1],  and its most common 

congener is MC-LR [2].

• MC is a liver toxin, but ingestion often results in gastrointestinal (GI) distress, such as 

nausea, vomiting, and diarrhea [3]. GI inflammation has been demonstrated in animal 

models following MC exposure [4,5].

Materials and Methods
• CD-1 mice randomly assigned to one of three exposure groups (Figure 1).

• Mice were a subset of 60 mice used in prior study that demonstrated significant liver 

and health effects with MC-LR exposure [6].

• Mice were dosed with MC-LR or reverse osmosis deionized water via oral gavage for 7 

days, and fecal samples were collected on days 0, 2, 4, and 8 (Figure 1).

Results

Gut Microbiome Differences by Sex

❑ The purpose of this study was to identify gut microbiome responses in mice 

given a high, oral dose of MC-LR over a short time (8 days) to elucidate ties 

between potential gut disruptions and toxicity impacts.

❑ It was hypothesized that there would be distinct shifts in microbiome diversity 

and composition in the mice dosed with MC-LR compared to the control mice.

Microbial Functions Differ with MC-LR Exposure

Microbiome Diversity and Structure do not Change with Acute 

MC-LR Exposure

Conclusions and Discussion
• MC-LR does not acutely affect the gut microbiome composition or diversity within 8 days, even when analyzing male and 

female mice separately.

• There were differences in predicted metabolic pathways between Day 0 and Day 8 in the high exposure group and on 

Day 8 between the control and high exposure groups. These differences indicate potential gut inflammation and stress 

with MC-LR exposure.

• These differences also led to identifying contributing bacterial genera related to MC-LR toxicity, which indicated losses of 

potentially beneficial bacteria and increases in genera associated with liver disease, stress, and cancer.  They also 

indicated potential control mouse stress on day 8, which could have contributed to the lack of consistent gut microbiome 

diversity and composition results.

• There are major limitations using predictive functional gene approaches, so future study should confirm these findings 

with high-resolution shotgun metagenomics and/or metabolomics.

• This study demonstrates that acute MC poisoning events are complex and warrant further study.

• DNA was extracted from fecal samples using the QIAamp Fast DNA Stool Mini Kit 

(Qiagen).

• The V4-V5 regions of the bacterial 16S rRNA gene were amplified via PCR and 

sequenced using the Illumina MiSeq platform.

• Microbial community analysis was conducted on the QIIME2 platform [7] using the 

97% SILVA 128 16S rRNA database for taxonomic classification [8].

• Microbial functions were predicted with PICRUSt2 [9]

• Differential abundance of functions and taxa were tested via Linear discriminant 

analysis Effect Size (LEfSe) [10].

Figure 1. (a) Mouse exposure groups and MC-LR doses. The high exposure group is a near lethal 

MC-LR dose, and the low exposure group is a sub-lethal MC-LR dose. *Mortality on day 1 in the high 

exposure group led to decreased dose on day 2. (b) 8-day study timeline of MC-LR dosing and fecal 

sample collection. 

Figure 2. There were significant differences in alpha diversity via Kruskal-Wallis tests of Shannon Index (a) and Pielou’s

evenness (b) (p<0.05). The average Shannon index and Pielou’s evenness are shown for male and female mice from all

days and all exposure groups.

Figure 4. There were no significant differences by exposure group, or between days zero and eight in diversity or

community structure (p>0.05). P values for PERMANOVA tests by exposure group are shown in the upper right corner.

PCoA plots show weighted Unifrac distances for male (a) and female (b) mice by exposure group and day. The

percentages in the axes identify the percent of variation in the data explained by that ordination axis.

Figure 3. Changes in the alpha diversity indices of Shannon index from fecal sample microbial communities from all

days of the study (days 0, 2, 4, 8) in all mice. Exposure group to MC-LR is indicated by color. There were no significant

trends in alpha diversity with MC-LR exposure (p>0.05)

Figure 5. (a) 8 predicted MetaCyc pathways were identified via

LefSe between Day 0 and Day 8 for the high exposure group.

(b) Seven differentially abundant taxa were identified

contributing to the N-acetyl neuraminate degradation pathway

between Day 0 and Day 8.

Figure 6. 11 differentially abundant predicted MetaCyc pathways were identified via

LefSe on Day 8 between the control group and the high exposure group.
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Water from Lake Erie during the 2014 Toldeo Water 

crisis. Drinking water was contaminated with toxic levels 

of MC-LR following severe HABs. 

https://www.climate.gov/news-features/event-tracker/spring-

climate-plays-major-role-lake-erie-algae-blooms

• N-acetyl neuraminate degradation is the most relevant pathway for MC-LR exposure and is associated with oral streptococci fermenting carbohydrates to 

sialic acids. Some pathogens use this pathway to evade host immune systems by adding sialic acids to lipopolysaccharide.

• Parabacteroides and Ruminiclostridium were significantly increased on Day 0.

o Parabacteroides distasonis and goldsteinii have been shown to alleviate obesity, metabolic dysfunction, and experimentally induced colitis, through 

repairing the gut barrier and preventing increases in pro-inflammatory cytokines [11,12].

o Ruminiclostridium are from the family Ruminococcaceae, which play an anti-inflammatory role in the gut [13]. 

• The other five ASVs were significantly increased on Day 8.

o Oscillobacter, Mucispirillum, and Alistipes have been identified as more abundant with non-alcoholic fatty liver disease (NAFLD) [14], inflammatory 
stress [15], and colorectal cancer [16], respectively.

• Mycolate biosynthesis was more abundant in the control 

group and has demonstrated importance in protecting the 

organism against the host immune system and antibiotics 

[17]. 

• 2 glycolysis pathways and homolactic fermentation were 

more abundant in the high exposure group.  These 

pathways are present in lactic acid bacteria, which have 

been identified in NAFLD-induced mice dosed with MC-LR 

[18].

• Queuosine biosynthesis is increased, and queuosine has 

been shown to improve translation accuracy [19].

• Geranylgeranyl diphosphate biosynthesis is related to the 

synthesis of sterol and non-sterol isoprenoids, such as bile 

acids.  Bile acid concentrations have been increased in 
MC-LR dosed mice [20].
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