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Abstract

Environmental  DNA  (eDNA)  analysis  has  transformed  our  understanding  of  aquatic

ecosystems,  but  traditional  methods  often  lack  insights  into  organismal  health.  The

emerging field  of environmental  protein  (eProtein) analysis offers a novel  approach to

monitoring  the  physiological  status  of  aquatic  organisms.  Recent  advancements  in

proteomic  technologies  have  enabled  the  detection  and  characterization  of  stress-

responsive proteins in water samples, providing valuable insights into organismal health

and environmental  stressors. This perspective paper explores the potential  of eProtein

analysis  for  monitoring  aquatic  organism health,  disease  dynamics  and  reproductive

cycles. Methodological advancements in protein extraction and mass spectrometry have

enhanced the sensitivity and specificity of eProtein analysis, facilitating comprehensive

molecular  profiling  and  biomarker  identification.  By  integrating  eProtein  analysis  into

aquaculture  management and  environmental  monitoring,  researchers  can  proactively

manage  fish  health,  mitigate  disease  outbreaks  and  safeguard  aquatic  ecosystems.

Future research directions include refining extraction methods, establishing standardized

protocols  and  leveraging  interdisciplinary  collaborations  to  maximize  the  potential  of

eProtein analysis for aquatic research and conservation.
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Overview and background

In  recent  years,  advancements  in  environmental  DNA  (eDNA)  analysis  have

revolutionised our ability to understand the distribution, abundance and genetic diversity

of aquatic organisms (Thomsen and Willerslev 2015, Tsuji  et al. 2019, Doi  et al. 2021, 

Bonenfant et al. 2002, Banerjee et al. 2022However, eDNA methods often fall  short of

providing insights into the physiological health and status of these organisms. In addition
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to  eDNA,  environmental  RNA  (eRNA)  acts  as  an  intermediate  between  DNA  and

proteins,  providing  functional  insights  into  gene  expression  and  metabolic  activity  in

nature (Tsuri et al. 2020, Hechler et al. 2023). Moreover, the detection and quantification

of RNA can leverage quantative PCR and sequencing technologies like eDNA analysis.

While eRNA only provides the abundance of the genome, it does not directly estimate the

protein in nature.

Addressing  this  gap,  the  emerging  field  of  environmental  protein  (eProtein)  analysis

holds  promise  in  elucidating  the  health,  stress  and  reproductive  status  of  aquatic

organisms. This ideas paper aims to explore the potential of eProtein analysis as a novel

approach for monitoring the physiological well-being of aquatic species, with implications

for aquaculture, disease detection and ecosystem management.

Recent studies have underscored the potential  of eProtein analysis in deciphering the

physiological state of aquatic organisms. Wang et al. (2019) demonstrated the presence

of  stress-responsive  proteins  in  aquatic  environments,  suggesting  a  link  between

environmental stressors and protein expression profiles. Brandão-Dias et al. (2021), Tank

et  al.  (2010)  and Brandão-Dias  et  al.  2021 extended  these  findings  by  successfully

detecting  genetically  engineered  crops  in  stream  water  samples  through  eProtein

analysis,  showcasing  the  versatility  of  this  approach  in  environmental  monitoring.

Moreover, advancements in proteomic technologies have facilitated the identification and

quantification  of  eProteins  with  unprecedented  sensitivity  and  specificity,  enabling

researchers to unravel intricate molecular signatures indicative of organismal health and

environmental stressors.

Methodological Advancements

To  harness  the  potential  of  eProtein  analysis,  innovative  extraction  and  analytical

techniques  have  been  developed.  Building  upon  established  methods,  such  as

ammonium sulphate  precipitation  (Page  and  Thorpe  1996), researchers have  refined

extraction protocols to enhance protein recovery from water samples. The advancements

in mass spectrometry have revolutionised the analytical landscape of eProtein analysis,

enabling  comprehensive  molecular  profiling  and  identification  of  stress-responsive

biomarkers  (Bonenfant  et  al.  2002). High-resolution  mass  spectrometry, coupled  with

advanced bioinformatics tools, allows for the identification of protein  species and their

post-translational  modifications, providing valuable insights into organismal  physiology

and environmental  health. With rapid development of proteomics techniques, the high-

throughput  proteomics allowing  for  the  identification  of  molecular  pathways  and

molecular  interactions  has  been  recognised  as  a  perspective  approach  that enables

analysis  of  the  differential  expression  levels  of  proteins. High-resolution  mass

spectrometry and high-throughput proteomics can result in  new paradigms in eProtein

analysis.
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Future direction

The integration  of eProtein  analysis into  aquatic research  holds immense promise  for

advancing  our  understanding  of  organismal  health  and  ecosystem  dynamics.  By

leveraging  eProteins,  researchers  can  monitor  stress  responses,  track  reproductive

cycles and detect early signs of disease in aquatic populations. The non-invasive nature

of  eProtein  analysis  makes  it  particularly  well-suited  for  large-scale  environmental

monitoring and aquaculture management. Moreover, the ability to detect subtle changes

in  protein  expression  patterns  offers  a  window  into  the  physiological  adaptations  of

aquatic  organisms  to  environmental  stressors,  providing  crucial  information  for

conservation efforts and ecosystem management strategies.

Furthermore, eProtein analysis has the potential to revolutionise aquaculture practices by

enabling real-time monitoring of fish health and welfare. By analysing protein biomarkers

associated  with  stress,  disease  and  reproductive  status,  aquaculture  operators  can

proactively  manage  their  stock,  mitigating  the  spread  of  diseases  and  optimising

production  efficiency.  Additionally,  eProtein  analysis  can  aid  in  the  development  of

targeted interventions, such as dietary supplements or environmental  modifications, to

enhance the resilience of farmed fish to environmental changes.

Combining  the  eProteins  approach  with  environmental  metabolomics  can  further

broaden the scope and impact of aquatic research. For example, cyanotoxin-encoding

genes can predict cyanotoxin production during harmful cyanobacterial blooms in a lakes

(e.g. Duan  et al. (2022)). Environmental  metabolomics focuses on  the  comprehensive

analysis of small molecules (metabolites) within an ecosystem, providing a snapshot of

metabolic  processes  and  environmental  interactions. By  integrating  eProtein  analysis

with  environmental  metabolomics,  we  can  achieve  a  more  holistic  understanding  of

aquatic health  and ecosystem dynamics. This combined approach can reveal  intricate

relationships  between  protein  expression  and  metabolic  pathways, shedding  light on

how organisms respond to environmental stressors at both the molecular and systemic

levels.

Conclusion

In  conclusion,  eProtein  analysis  represents  a  promising  avenue  for  elucidating  the

physiological  health  and  status  of  aquatic  organisms.  By  harnessing  the  power  of

proteomics,  researchers  can  unlock  valuable  insights  into  stress  responses,  disease

dynamics  and  reproductive  cycles  in  aquatic  ecosystems.  As  we  continue  to  refine

extraction techniques and expand our analytical capabilities, eProtein analysis holds the

potential  to  revolutionise  aquatic research  and  management practices in  the  years to

come. Through collaborative  efforts and interdisciplinary approaches, we can harness

the full  potential  of eProtein analysis to safeguard the health and resilience of aquatic

ecosystems for future generations.
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