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Study of the role of carbonic anhydrase in the acclimatization process of D. magna by assessment
the physiological and behavioral responses to the exposure to emerging chemical contaminants
according to a multimarker approach.

Research topic

Study of the physiological and behavioral responses to emerging pollutants (nanomaterials and
pharmaceuticals in the environment) exposure in aquatic model organisms such as Daphnia magna
and development of innovative biomarkers and bioassays for biomonitoring of environmental quality.

State of the art

Environmental pollution due to anthropogenic activities involves the release of a great number of
contaminants into the environment which exert a great impact on biota. Pollution from emerging
contaminants represents to date one of the main concern in the field of environmental chemical
contamination. Emerging contaminants consist in a wide range of products of anthropogenic origin,
including nanomaterials and pharmaceutical products released into the environment, for which the
effects on non-target organisms are still poorly known and for which no reference legislation is
currently available. Among polymeric materials released into the environment, the greatest
contribution is provided by thermoplastic nano and micro-polymers, including polyethylene
terephthalate (PET). Among the various chemical contaminants, pharmaceutical products such as
amoxicillin, vancomycin and paracetamol contribute to alter the equilibrium of aquatic ecosystems
even at low concentrations due to a potentially multistress exposure condition.

Moreover, the environmental problem of pollution from emerging contaminants has to be considered
in the framework of global climate changes since the speciation of chemical contaminants in
environmental matrices and the responses of organisms to the exposure can be influenced by the
changes in the physico-chemical environmental condition associated to climate changes.

As outlined by several authors, environmental pollution added to increasing global warming (the
surface temperature is expected to increase by 2°C until the middle of the 21st century, a period in
which biodiversity will have to face serious challenges (Barbarossa V. et al., 2021)), anthropogenic
sources of carbon dioxide emissions and water acidification or alkalization will affect the distribution
of organisms and habitat associations, potentially leading to a significant decline in sensitive species
(AghaKouchak A. et al., 2014). Decreasing or lost biodiversity threatens ecosystem functions, such
as stability, resistance to invasion, nutrient cycling, carbon retention, etc. (Pennekamp F. et al., 2018).
The knowledge of the effects exerted by chemical contaminants, with particular reference to emerging
chemical pollutants, on aquatic organisms is therefore very urgent and necessary and represents the
basis for the development of innovative exposure/effect biomarkers and bioassays useful for
biomonitoring environmental, as tools for the detection of exposure and for the assessment of the
impact on the biota. Biomarkers are quantifiable molecular, cellular, physiological and behavioral
alterations in response to environmental stressful stimuli (Lionetto M. G. et al., 2020) and represents
valuable tools for the detection of exposure and assessment of the effects of pollutants on living
organisms.

An important physiological process that the organisms adopt in order to counteract changes of their
natural habitat, with heavy repercussions on their species fitness, is the phenomenon of
acclimatization. Acclimatization is a biochemical-physiological process that allows organisms a
progressive adaptation, within certain limits reversible, to different conditions than the optimal ones,
such as temperature variation, food concentration variation or the lasting presence of a pollutant in



the environment where they live. This reversible response provides survival in unfavorable conditions
and is fundamental in the multistress-condition responses of living organisms.

Therefore, a deeper understanding of the physiological and behavioral responses of the most sensitive
species to emerging pollutants in a framework of acclimation to multiple stress conditions is of great
importance for biomarker development useful for environmental biomonitoring and assessment.

A widely used bioindicator organism highly sensitive to environmental conditions changes and
pollutant exposure is the cladocero Daphnia magna. The bioassays developed to monitor the
physiological response of D. magna to aquatic contaminants include fertility and ephippium viability
assays as well as assays based on the frequency of moulting and the change in the morphological and
functional characteristics of the carapace in the time (Anderson B. G., 1933; Rabus M. et al., 2013).
The bioassays that measure the behavioral response of D. magna to stressful stimuli include the study
of the phototactic response (Gerhardt A. et al., 2006) and reproductive strategies (Choi J. et al., 2016;
Gerber N. et al., 2018). The measurement of the expression of a biomarker is made complex by the
effect of acclimatization. The experimental designs for the development of new biomarkers should
therefore compare the physiological and behavioral response to the stress-inducing stimulus, such as
exposure to a contaminant that is measured in optimal culture conditions, with the modification of
the responses due to acclimatization and tolerance that can occur in the real environment (Lovern S.
B. et al., 2007). The complexity of the physiology of D. magna and the acclimatization phenomena
therefore make necessary to integrate the data obtained from the biotests that measure the single trait
in a multimarker approach (Lionetto M. G. et al., 2020; Haap T. et al., 2016).

An important stressogenic parameter underlying acclimatation process is the temperature of the
environment, whose effect on physiological and behavioral responses alter the interpretation of the
biomarker compered to optimal temperature culture conditions (Olkova A. S. et al., 2018; Burton T.
et al., 2020). Temperature variation affects respiration rate and therefore alters the organism's energy
needs (Mdiller M. F. et al., 2018). In addition, also acidification of waters is another stressful condition
which can affect the physiological responses of the organisms

The ubiquitous enzyme carbonic anhydrase (CA) is known to be sensitive to several environmental
factors including pollutants, temperature (Houston and McCarty, 1979) and pH (Caricato R. et al.,
2018) in several organisms. Carbonic anhydrase, thank to its role in a number of physiological
processes, is known to be involved in the acclimation process of a number of species to several
stressful conditions (Grosell M. et al. 2007; Wang X. et al., 2017). This makes this enzyme of
particular relevance in the study and development of novel biomarker of exposure to emerging
pollutants in the framework of climatic global change.

In nature, CA isoforms are classified into eight evolutionarily distinct and unrelated superfamilies.
All of them catalyze the reversible hydration / dehydration reaction: CO, + H2O < H,CO3 < HCO3~
+ H* and are fundamental to many biological processes such as acid-base regulation, respiration,
osmoregulation, biominerization and bone resorption. Studying the mechanisms that drive acid-base
regulation in organisms is important, especially for aquatic organisms that experience rapidly
fluctuating pH conditions. For example, it has demonstrated that Daphnia pulex PCO; differences in
the circulatory system depends on the presence or absence of one of 31 carbonic anhydrase isoforms
isolated in its genome (Weber A. K. et al., 2009; Culver B. W., 2015). In the absence of a CA, the
interconversion between CO. and HCOs™ proceeds slowly, resulting in a pH reduction. This supports
the hypothesis of the importance of CAs in the homeostatic processes and acclimatization of aquatic
organisms as Daphnia magna.

Objectives and Scope of Research

In this research work we intend to identify and develop innovative biomarkers and bioassays
applicable for biomonitoring purposes. Physiological and behavioral responses in the model organism
Daphnia magna to emerging contaminants exposure will be studied and analyzed in relationship to
the acclimation process to the variability of environmental factors, such as temperature and pH and
to the role of carbonic anhydrase in the acclimation process itself in a multimarker approach.



As emerging contaminants, micro/nanoplastics of polyethylene terephthalate and pharmaceuticals
products such as amoxicillin, vancomycin and paracetamol will be considered.

The temperature and pH acclimatization processes will be followed through the analysis of carbonic
anhydrase (CA) activity and expression. For this purpose, CA enzymatic activity will be quantified
in vivo and in vitro.

The characterization of the carbonic anhydrase expression patterns will allow to standardize the
culture conditions to quantify the expression of this biomarker in optimal conditions (laboratory
condition), a necessary step to interpret the data collected in the field, characterized by different
conditions than the optimal ones. Hence, in vivo and in vitro enzymatic activity quantification
experiments will be carried out at variable pH and temperatures.

The carbonic anhydrase expression patterns in the different environmental conditions will allow to
evaluate the acclimatization effect, in a multimarker approach, on the physiological and behavioral
responses of D. magna, exposed to increasing concentrations of emerging aquatic chemical pollutants
such as amoxicillin, vancomycin and paracetamol but also nano and micro-polymers of polyethylene
terephthalate (PET).

For physiological responses the variation of the filtration frequency will be evaluated; for the
behavioral responses the phototactic response will be evaluated. Finally, integration studies of
acclimatization responses will be carried out with chemical-physical investigations of the
environment subjected to biomonitoring.

Scientific methodologies for the achievement of results

The activity of carbonic anhydrase in Daphnia magna will be assessed by measuring both esterase
and hydratase activity of the enzyme according to other authors (Caricato R. et al., 2018; Uda N. R.
et al., 2015). Carbonic anhydrase expression will be assessed by protein and mRNA expression
respectively.

Fluorescence and confocal microscopy in combination with vital dyes will be utilized for the in vivo
assessment of the role of carbonic anhydrase in the acclimation process and in the responses to
emerging pollutants.

In order to evaluate D. magna phototactic and behavioral exposure responses several video-imaging
and animal-tracker methodologies will be considered (Bedrossiantz J. et al., 2020; Gulyas M. et al.,
2016; De Felice B. et al., 2019). Furthermore, several physiological tests will be performed to assess
filtration rate in the different experimental conditions (Muller M. F. et al., 2018; Villarroel M. et al.,
1999).

Expected timeframe

(Months 1-6): bibliographic research for a detailed physiological and behavioral

knowledge of cladocero D. magna bioindicator organism. Setting up of D. magna cultures under
standard conditions.

(Months 7-12): study of the physiological and behavioral parameters of D. magna under optimal
culture conditions. Assessment of the enzymatic activity of carbonic anhydrase in optimal pH and
temperature conditions.

(Months 13-18): assessment of physiological and behavioral responses of D.magna under variable
pH and temperature conditions. Study of acclimatation process by quantifying the expression in vivo
and in vitro of carbonic anhydrase biomarker in the same experimental culture conditions.

(Months 19-24): comparing of physiological and behavioral responses in standard conditions and in
conditions of variable pH / temperature and evaluation of the activity of carbonic anhydrase.



Study and relationship of the physiological and behavioral responses of D. magna exposed to
emergent aquatic contaminants (i.e. amoxicillin, vancomycin, paracetamol and PET) at different
culture conditions.

(Months 25-30): assessment of pH and temperature acclimatization process in a multistress condition
on the physiological and behavioral responses of D. magna.

(Months 31-36): collected data analysis and thesis writing.
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