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Abstract

This paper analyzes the benefits of explaining the process of protein denaturation to students
through a virtual laboratory. Virtual laboratories make the educational process more effective
and interactive, which makes it easier to understand complex processes. In particular, the
ability to visually demonstrate and conduct experiments on microscopic processes such as
protein denaturation deepens students' understanding. The article discusses the advantages
of the virtual laboratory over traditional classes, such as visibility, security, cost reduction, and
practical application of knowledge. At the same time, the role of virtual laboratories in the
development of students' theoretical knowledge and practical skills is highlighted.
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INTRODUCTION.

Advances in science and technology have had a major impact on the education system. In
recent years, the introduction of virtual laboratories into the educational process has made it
possible to effectively convey many scientific concepts to students. Virtual laboratories play an
important role, especially in complex disciplines such as biochemistry. This article discusses
the use of virtual laboratories and its results in explaining the essence of protein denaturation
processes to students.

LITERATURE REVIEW AND METHODOLOGY

It is known that protein denaturation is the process of protein molecules losing their natural
structure, resulting in a decrease or complete loss of their biological activity [1-2].

Proteins perform various functions in the body through their special three-dimensional
structure, therefore, changes in this structure have a significant impact on the functional
direction of proteins. The denaturation process usually occurs under the influence of heat, acid,
alkali, or other chemicals [3-5].

RESULTS AND DISCUSSION

Research Obijective.

To study the process of protein denaturation (loss of natural, i.e. biological properties) using
virtual (imaginary) experiments.In carrying out this work, we relied on the following principles:
1. Efficient use of time and resources.

Traditional laboratory experiments require a lot of time and money. With the help of virtual
laboratory experiments, the student can observe the denaturation process anywhere and at
any time. This allows students to repeat research and experiments many times, which helps to
understand the process more deeply. This type of flexibility makes virtual experiments much
more effective.

2. Safety of the experiment process.

Biochemical experiments usually involve hazardous substances and complex equipment. In
virtual laboratories, students do not have to worry about making mistakes or working with
harmful chemicals during the experiment. Acids or high temperatures used in the denaturation
process are safely simulated in the virtual environment, creating a safe learning environment
in practice.

3. Opportunity to learn from mistakes and try again.
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Virtual labs allow students to repeat experiments multiple times. In a traditional lab, the amount
of chemicals may be limited or there may be no time to redo the experiment after making
mistakes. In a virtual environment, students have the opportunity to learn from their mistakes
and try again.

4. Flexibility and customization.

In virtual labs, students can customize experiments to their own level of knowledge and
learning pace. Students can learn about protein denaturation, which can be complex, step-by-
step, and have the opportunity to independently monitor their own level of understanding.

5. Environmentally friendly.

Many laboratories can harm the environment by using various chemicals. Virtual laboratories
eliminate these risks, making the scientific learning process more environmentally friendly.
Acids and other substances used in the denaturation process do not cause harm in a virtual
environment.

The use of virtual laboratories in the educational process and its results

In our work, we created animations of virtual laboratory experiments on this topic and were
able to demonstrate the structure and denaturation of proteins through 3D models. Students
visually observed how protein molecules form bonds, how these bonds are broken, and what
shape changes occur in proteins during denaturation. This method also proved to be very
effective in helping students master theoretical concepts.

Virtual laboratories are important not only for scientific experiments, but also for modernizing
the educational process. When explaining complex molecular processes such as protein
denaturation to students, demonstrative and interactive teaching technologies increase their
interest and increase their level of knowledge. In addition, virtual laboratories provide an easy
and effective way to apply scientific concepts to practice, which allows students to apply
theoretical knowledge in practice. The educational process through virtual laboratories
becomes more interesting and interactive. As a result, students' interest in classes increases
and they participate more actively. These results further strengthen the place of virtual
laboratories in the modern educational process and allow students to receive more high-quality
and effective knowledge.

Conclusion.

Virtual laboratory experiments have a very high didactic potential for explaining to students the
essence of complex biochemical processes such as protein denaturation. Imaginary
experiments play an important role in consolidating student knowledge and creating
opportunities for demonstrative and safe learning. Virtual laboratories also greatly contribute
to making the learning process more efficient, flexible, and environmentally friendly.
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