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Abstract

Hydrogen peroxide is an oxidative stressor that may influence aquatic microbial community composition and
function. It has been hypothesized that hydrogen peroxide may influence the toxicity of cyanobacterial harmful
algal blooms (CHABs) in Lake Erie and other eutrophic waters, yet the sources and sinks of hydrogen peroxide
are not fully understood. We assessed the relationship between hydrogen peroxide concentrations and CHABs
by measuring production and decay of hydrogen peroxide in filtered and unfiltered waters from western Lake
Erie with and without UV-visible light. Absolute H202 production rates and H202 decay rate constants were
quantified in the western basin of Lake Erie before, during, and after Microcystis blooms from June -
September, 2017-2019 and 2021. Experiments were conducted in whole and filtered waters with natural
sunlight or visible light and in the dark to assess relative contributions of major microbial and photochemical
processes to production and decay of H202. Absolute rates of H202 production depended on visible light and
were significantly, positively correlated with concentration of chlorophyll a, chromophoric dissolved organic
matter (CDOM), and rates of whole-water respiration and primary production. Rate constants for H202 decay
were highest in waters containing high bloom biomass, and were significantly, positively correlated with whole-
water respiration rates and with a proxy for labile dissolved organic nitrogen. Microcystis abundance was not a
significant predictor of absolute H202 production rates, and microbial production and decay of H202 were
primarily controlled by microorganisms smaller than 105 um. Light-dependent production of H202 by
microorganisms smaller than 105 pm suggests that photosynthesizing organisms other than Microcystis are
responsible for H202 production. High microbial production and decay of H202 are favored by Microcystis
bloom conditions (e.g., high light, high biomass) but are not directly due to Microcystis.
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Temporal Extent: 2017-05-30 - 2019-09-19

Methods & Sampling

W ater samples were collected in the western basin of Lake Erie during the summer and fall of 2017, 2018, and
2019. In 2017, water was collected approximately weekly from NOAA station WE2 in conjunction with the
NOAA Great Lakes Environmental Research Lab (GLERL) harmful algal bloom monitoring program. During
August and October 2017, lake water was also collected by Environment and Climate Change Canada’s
monitoring program. In 2018 and 2019, lake water was collected at several stages of bloom development
(pre-bloom, early bloom, late bloom, and post bloom). In 2018, lake water was collected at NOAA’s monitoring
stations WE2 and WE12 and at the drinking water intake for the City of Toledo (TWI). During summer 2019,
the goal was to sample lake waters containing high bloom biomass as predicted by the NOAA HAB forecast
model and HAB tracker bulletins (Wynne et al. 2013). Sampling sites were chosen based on the presence of
surface scums comprised of dense cyanobacterial colonies (i.e., “bloom chase” sites).

For all sites, a depth-integrated water sample was collected in acid-washed carboys. Water samples were
collected from the NOAA stations using a peristaltic pump. The pump hose was moved down the water
column from the surface to 1 meter above the bottom. For the TWI, bloom chase, and Environment Canada
cruise sites, a depth-integrated sample was collected by pooling water collected at 1 m intervals from surface
to 1 meter above the lake bottom using a Niskin (Environment Canada) or Van Dorn (TWI and bloom chase
sites) bottle. Integrated water samples were stored in carboys in an outdoor aquaculture tank until the start of
the bottle experiments the following morning. The water temperature in the aquaculture tank was controlled
using copper piping attached to a NESLAB RTE refrigerated water bath (Thermo Scientific, Newington, NH) and
maintained at the lake temperature measured at the time of sample collection. During the Environment Canada
cruises, bottles and carboys were stored in a plexiglass tank continuously circulated with fresh lake water.

Subsamples for supporting water quality analyses were taken from each carboy. Upon arrival in the laboratory
at the University of Michigan, a subsample of whole (unfiltered) water was taken for analysis of total
phosphorus. During 2017, pH of the water from each site was obtained from NOAA monitoring buoys. For
samples collected in 2018-2019, pH of the whole water was measured upon arrival in the laboratory.
Subsamples of the whole water were filtered through a 0.22 um polyethersulfone (PES) filter for subsequent
analysis of total dissolved phosphorus (TDP), soluble reactive phosphorous, nitrate and ammonium, dissolved
organic carbon (DOC), and chromophoric and fluorescent dissolved organic matter (CDOM and FDOM,
respectively). DOC samples were preserved by addition of 6N trace metal grade hydrochloric acid to pH 3.
TDP, SRP, DOC, CDOM and FDOM were stored in the dark at 4 °C until analysis. Nitrate and ammonium
samples were stored at -20 °C until analysis at GLERL.

To measure microbial community composition, DNA was extracted from the filters collected from each bottle
at the beginning (T=0) of each experiment using a Qiagen Dneasy Blood and Tissue Kit with QIAshredder
columns (QIAGEN, MD, USA). The extraction protocolis included as a supplemental file. For absolute
quantification of sequence data, genomic DNA from Thermus thermophilus strain DSM 7039 was added to the
samples after the cell lysis step of the extraction as an internal standard. Thermus thermophilus DNA was
obtained from the American Type Culture Collection (ATCC; product number BAA-163D-5). The internal
standard was added as ~ 1 % of DNA yield, which was estimated based on an empirically determined
relationship between total mass of chlorophyll a on the filter and DNA yield. DNA yields were measured with
Quant-iT Picogreen dsDNA Assay Kit (Invitrogen, Carlsbad, CA). The true percentage of the internal standard
was 0.72 £ 0.37 % of total DNA vyield, on average.

The V4 region of the bacterial 16S rRNA gene was amplified using a dual-indexed primer set (Kozich et al.
2013), and amplicon sequencing was performed using lllumina MiSeq V2 500 cycle chemistry (lllumina cat#
MS102-2003) at the University of Michigan Microbial Community Analysis Core following Schloss and Bishop
(2019). Forward and reverse reads were quality screened to remove sequences below 250 bases and
trimmed to Q20 using the BBDuk tool in BBTools (Bushnell 2018). Following trimming, overlapping forward and
reverse reads were assembled into contigs, aligned, screened for chimeras, and clustered into operational
taxonomic units (OTUs) using MOTHUR v. 1.43.0, following the protocol as of February 2020 (Kozich et al.
2013). OTU clustering was performed using a 97 % similarity cutoff with the OptiClust algorithm (Westcott
and Schloss 2017). Contigs were aligned with the align.seqgs function in MOTHUR, and taxonomy was assigned
using the Wang method (Wang et al., 2007). The Silva v. 138 SSU database (Pruesse et al. 2007) was used as
the reference to align and classify contigs. The absolute abundance of each OTU per volume of lake water was
estimated from the recovery of the internal standard as described in (Lin et al. 2019). All OTUs classified as
Genus Thermus were removed from downstream analysis. The raw sequence data are available in NCBI under
BioProject PRINA646259.
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The role of heterotrophic bacteria in protecting cyanobacteria from hydrogen peroxide in coastal
ecosystems (Lake Erie H202 )

Coverage: Western Basin of Lake Erie (41N, 83W)

NSF Award Abstract:

Toxic cyanobacterial harmful algal blooms (CHABs) are now a worldwide problem that poses dangers for
humans and aquatic organisms including life-threatening sickness, beach closures, health alerts, and drinking
water treatment plant closures. This project focuses on the basic science needed to understand interactions
between the microorganisms present in CHABs and the chemistry of the lakes they inhabit. In particular, it will
study the sources, fate, and effects of hydrogen peroxide, which is a potentially important control on the
toxicity and species present within these blooms. This research will be conducted in Lake Erie, a source of
drinking water for 11 million people that is threatened by CHABs annually. Results will be directly integrated into
two water quality models that are widely used by water managers and other stakeholders. This project will
support the training of two PhD students, including a first-generation college attendee, and undergraduate
students from backgrounds that are underrepresented in the earth sciences. Research will also be integrated
into outreach aimed at increasing diversity in the earth sciences by involving women and underrepresented
minorities in K-12 as well as college and adult educational settings.

The overall goal of this project is to determine the influence of hydrogen peroxide (H202) on cyanobacterial
community composition and function in nearshore ecosystems. Preliminary results from Lake Erie show that
dominant primary producers rely on heterotrophic bacteria to draw down H202 from transiently high
environmental levels that are likely inhibitory to members of the cyanobacterial community. This suggests that
H202 plays important and still poorly understood roles in aquatic microbial ecology. A combination of field
sampling, experiments, and state-of-the art "-omics" will be used to test the overall hypothesis that H202
decomposition by heterotrophic "helpers" is an important determinant of microbial interactions and community
structure and function. Lake Erie will be studied because (i) it is a model system for shallow coastal areas
receiving high terrestrial nutrient runoff, (ii) it offers strong inshore-offshore gradients of light and nutrients
for comparative studies, and (iii) existing sampling infrastructure, archived samples, and preliminary data can
be leveraged. Field and laboratory experiments and measurements will be integrated to answer the following
questions: Q1: What drives the temporal dynamics of H202 concentrations? Q2: Which enzymes and
organisms are responsible for protecting the community via biological H202 decay? Q3: How does protection
from H202 by helpers influence the composition and function of the community? The study will perform
controlled lab experiments on cultures and on natural waters during different points of the bloom. Measures of
H202 concentrations and rates of production and decay, along with supporting chemical and biological
measurements, will be used to assess the major sources and sinks of H202. Molecular tools will be used to
determine the pathways underpinning H202 decay and the effect of H202 on cyanobacterial community
composition function. In parallel, impacts of varying H202 concentrations on growth rates of major
cyanobacteria will be assessed experimentally. These experimental results will be placed into context through
comparisons with the structure and function of microbial communities from field samples across spatial,
temporal, and chemical gradients in this coastal ecosystem. The approach of integrating studies of H202 with
"-omics" in natural systems is novel, and will advance our fundamental knowledge and understanding of the
relationship between microbial community composition and function.
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