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Abstract. Modern chemistry education increasingly integrates environmental issues 

to foster sustainable thinking and scientific literacy. Amino acids, as 

fundamental biomolecules, play a crucial ecological role in biogeochemical cycles, 

soil fertility, water systems, and environmental remediation processes. This paper 

examines the ecological significance of amino acids within natural ecosystems and 

explores methodological approaches for integrating this topic into secondary and 

higher chemistry education. The study emphasizes interdisciplinary connections 

between chemistry, biology, and environmental science, promoting systems thinking 

and sustainability-oriented learning. Pedagogical strategies such as problem-

based learning, project-based activities, digital modeling, and eco-contextual 

laboratory tasks are proposed to enhance conceptual understanding and 

environmental awareness. Integrating the ecological functions of amino acids into 

chemistry curricula strengthens students’ analytical skills, ecological 

responsibility, and competence in addressing real-world environmental challenges. 

Keywords: Chemistry education, amino acids, environmental chemistry, 

sustainability education, interdisciplinary learning, ecological awareness. 

 

 

 

Introduction. Contemporary environmental challenges 

including soil degradation, water pollution, and climate 

change require a new orientation in chemistry education. The 

integration of ecological contexts into the teaching of 

organic chemistry enhances both scientific understanding and 

environmental responsibility. Amino acids, traditionally 

studied as structural units of proteins, possess significant 



 
 
 

 

PEDAGOGY AND EDUCATION 

88 

 

This work is distributed under the terms of the Creative 
Commons Attribution-ShareAlike 4.0 International License 

(https://creativecommons.org/licenses/by-sa/4.0/). 

Proceedings of the 19th International 
Scientific and Practical Conference  
«Science and Practice: Implementation  
to Modern Society»  
 

(March 16-18, 2026).  
Manchester, United Kingdom 
 
 

 
 

No 
286 

ecological importance beyond their biochemical role. In 

educational practice, amino acids are often presented mainly 

through structural formulas, stereochemistry, and peptide 

bond formation. However, their ecological functions 

participation in nitrogen cycling, soil microbiology, and 

environmental detoxification offer valuable opportunities for 

context-based and sustainability-focused instruction [1-3]. 

The aim of this study is to analyze the ecological 

significance of amino acids and propose effective pedagogical 

strategies for teaching this topic within an environmentally 

oriented chemistry curriculum.  

Ecological Significance of Amino Acids. Amino acids 

occupy a key position in ecological systems due to their 

active participation in biogeochemical processes, soil 

fertility, aquatic ecosystems, and environmentally 

sustainable technologies. Beyond their biological function as 

the building blocks of proteins, amino acids serve as 

important intermediates in the transformation and circulation 

of nitrogen in nature. Within the nitrogen cycle, amino acids 

are formed during the decomposition of organic matter and 

subsequently undergo microbial transformations such as 

mineralization and assimilation. These processes regulate 

nitrogen availability for plants and soil organisms, directly 

influencing ecosystem productivity and stability. Through 

this perspective, amino acids represent a molecular link 

between organic chemistry and global ecological cycles. In 

soil environments, free amino acids contribute to plant 

nutrition and nutrient dynamics. Some plant species are 

capable of directly absorbing amino acids, particularly under 

nitrogen-deficient conditions. Moreover, amino acids can form 

chelate complexes with metal ions, affecting micronutrient 

mobility and bioavailability. This demonstrates the close 

interaction between organic molecular structure and 

environmental chemistry [5]. 

In aquatic systems, amino acids are involved in microbial 

metabolism and organic matter turnover. However, excessive 

concentrations of organic nitrogen compounds may disturb 

ecological balance, contributing to eutrophication and water 

quality degradation. Therefore, the study of amino acids 

provides insight into both natural equilibrium and pollution 

processes. Additionally, amino acids and their derivatives 

play an important role in green chemistry and environmental 

technologies. Their biodegradability, low toxicity, and 

ability to bind metal ions make them suitable for applications 
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such as biodegradable surfactants and soil remediation 

agents. Consequently, amino acids exemplify how fundamental 

organic compounds can support sustainable and environmentally 

responsible chemical practices. Overall, the ecological 

significance of amino acids illustrates the integration of 

molecular chemistry with ecosystem functioning and 

sustainable development [6]. 

Pedagogical Aspects in Chemistry Education. The 

integration of amino acids into chemistry education from an 

ecological perspective provides significant pedagogical 

value. Rather than teaching amino acids solely as structural 

units of proteins, their presentation within environmental 

contexts enhances relevance, motivation, and deeper 

conceptual understanding. 

Context-based teaching allows students to explore amino 

acids through real-world ecological problems such as soil 

nitrogen depletion, water pollution, and sustainable 

agricultural practices. This approach shifts learning from 

abstract memorization of formulas to meaningful engagement 

with authentic environmental challenges, strengthening 

students’ ability to apply chemical knowledge in practical 

situations. Problem-Based Learning (PBL) further enriches 

instruction by encouraging students to investigate eco-

friendly applications of amino acid-based compounds. Through 

designing sustainable solutions, learners analyze chemical 

properties, evaluate environmental impact, and develop 

research, analytical, and decision-making skills. This method 

promotes active learning and scientific inquiry. 

Interdisciplinary integration is another essential dimension. 

The topic naturally connects organic chemistry with biology 

(protein synthesis and metabolism), ecology (ecosystem 

balance and nutrient cycles), and environmental science 

(pollution control and remediation). Such integration 

supports systems thinking and helps students perceive 

scientific knowledge as interconnected rather than 

fragmented. 

Digital and molecular modeling tools enhance 

visualization of amino acid structures, zwitterionic forms, 

and peptide bonds. By linking molecular structure to 

ecological function, students improve spatial reasoning and 

conceptual clarity, which are often challenging in organic 

chemistry education.Eco-oriented laboratory activities 

further consolidate theoretical knowledge. Investigating pH-

dependent solubility, simulating nitrogen transformations, or 
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analyzing biodegradability properties encourages inquiry-

based learning and experimental competence. These activities 

cultivate scientific curiosity, methodological accuracy, and 

environmental awareness. Overall, the pedagogical integration 

of ecological aspects of amino acids transforms the topic 

into a multidimensional learning experience that develops 

critical thinking, interdisciplinary competence, and 

sustainability-oriented scientific literacy. 

Educational Outcomes and Competency Development 

Integrating the ecological dimensions of amino acids into 

chemistry education significantly enhances both cognitive and 

value-based learning outcomes. This approach extends beyond 

the transmission of theoretical knowledge and promotes the 

development of essential scientific and environmental 

competencies. First, it fosters environmental literacy by 

helping students understand the relationship between 

molecular-level processes and large-scale ecological systems. 

Learners become aware of how organic nitrogen compounds 

influence soil fertility, water quality, and ecosystem 

balance, thereby strengthening their capacity to interpret 

environmental phenomena scientifically. 

Second, the integration of ecological contexts improves 

critical and systems thinking. Students analyze cause–effect 

relationships within the nitrogen cycle, evaluate the 

environmental impact of organic compounds, and recognize the 

interconnectedness of chemical, biological, and ecological 

processes. This holistic perspective supports the development 

of higher-order cognitive skills. Third, research competence 

is strengthened through inquiry-based tasks, problem-solving 

activities, and laboratory investigations. Students learn to 

formulate hypotheses, collect and interpret data, assess 

sustainability factors, and justify scientifically grounded 

conclusions. Moreover, the topic contributes to the formation 

of a sustainable value orientation. By examining 

environmentally friendly applications of amino acids and 

green chemistry principles, learners develop responsible 

attitudes toward resource use and environmental protection. 

Finally, interdisciplinary understanding is enhanced as 

students integrate concepts from chemistry, biology, ecology, 

and environmental science. This interdisciplinary competence 

prepares them to address complex real-world challenges that 

cannot be solved through a single scientific perspective. In 

conclusion, students acquire not only knowledge of amino acid 

chemistry but also an understanding of its environmental 
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implications, thereby developing scientifically informed and 

sustainability-oriented competencies. 

Environmental Contextualization in Teaching Amino Acids. 

Integrating environmental contexts into the teaching of amino 

acids enhances both conceptual depth and sustainability-

oriented thinking. Rather than presenting amino acids solely 

as biochemical molecules involved in protein synthesis, 

educators can situate the topic within broader ecological 

systems such as soil nitrogen cycling, sustainable 

agriculture, and environmental remediation.One effective 

strategy involves connecting amino acid structure and acid–

base behavior to nitrogen transformation processes in 

ecosystems. For example, students can analyze how organic 

nitrogen compounds are mineralized in soil and how amino acids 

serve as transitional forms between organic matter and 

inorganic nitrogen species. This approach helps learners 

understand the dynamic relationship between molecular 

structure and ecosystem-level processes [7]. 

Case-based ecological scenarios further strengthen 

contextual learning. A classroom activity may involve 

investigating nitrogen depletion in agricultural soils and 

evaluating environmentally friendly solutions based on amino 

acid-derived fertilizers. Students examine solubility, pH 

sensitivity, biodegradability, and environmental impact, 

linking organic chemistry principles to sustainable land 

management practices. 

Another pedagogical model includes the study of amino 

acid chelation in soil and water systems. Learners explore 

how functional groups (–NH₂, –COOH) interact with metal ions, 
influencing micronutrient availability and pollutant 

mobility. This analysis reinforces structure–property–

function reasoning and demonstrates the relevance of organic 

functional groups in environmental chemistry. Environmental 

contextualization also aligns with green chemistry 

principles. Amino acid-based biodegradable surfactants and 

eco-friendly remediation agents provide real examples of 

sustainable chemical applications. By evaluating toxicity, 

renewability, and environmental persistence, students develop 

critical awareness of responsible chemical design. 

Importantly, embedding ecological dimensions into amino acid 

instruction promotes systems thinking. Students move from 

understanding isolated molecular mechanisms to analyzing 

interconnected processes across chemical, biological, and 

environmental domains. This shift supports the development of 
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sustainability competence and prepares learners to address 

complex environmental challenges through scientifically 

informed decision-making. 

 

 
Figure 1 

Integrated Model Linking Amino Acid Chemistry, Ecological Function,  

and Pedagogical Strategy 

 

Figure 1 illustrates a structured progression from the 

molecular properties of amino acids to their ecological roles 

and sustainability-oriented teaching strategies. The model 

demonstrates how understanding chemical structure supports 

ecological applications and, through appropriate pedagogical 

methods, leads to the development of environmental literacy 

and systems thinking. 

Conclusion. Incorporating the ecological significance of 

amino acids into chemistry education transforms the topic 

from a purely biochemical concept into a multidimensional 

environmental learning experience. This approach promotes 

sustainability-oriented scientific literacy, 

interdisciplinary competence, and ecological responsibility. 

Amino acids serve as an effective bridge between molecular 

chemistry and global environmental processes, making them a 

powerful pedagogical tool for modern chemistry curricula. 

Future curriculum development should systematically integrate 

environmentally contextualized organic chemistry topics to 

better prepare students for addressing contemporary 

ecological challenges. 
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