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Abstract

This article analyzes the biochemical significance of proteins and amino acids in the human body,
their metabolic processes, and the diseases that arise as a result of disruptions in these processes.
Particular attention is given to hereditary enzyme deficiencies in amino acid metabolism, hepatic
(liver-related) disorders, and metabolic syndromes.
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Annotatsiya

Mazkur magolada ogsillar va aminokislotalarning inson organizmidagi biokimyoviy ahamiyati,
ularning metabolik jarayonlari hamda bu jarayonlarning buzilishi natijasida yuzaga keladigan
kasalliklar tahlil gilinadi. Aynigsa aminokislota almashinuvidagi irsiy ferment yetishmovchiligi,
gepatik (jigar bilan bog‘liq) buzilishlar va metabolik sindromlar haqida ilmiy ma’lumotlar beriladi.
Kalit so‘zlar: ogsillar, aminokislotalar, metabolizm, fermentlar, irsiy kasalliklar, jigar, buyrak,
metabolik buzilish.

INTRODUCTION
Proteins are one of the main structural components of living organisms, ensuring the structure and
function of cells. They participate in vital processes as enzymes, hormones, antibodies, receptors, and
transport proteins.
The metabolism of amino acids, which make up proteins, occurs continuously in the body.
Disruptions in this process can lead to various metabolic diseases, liver and kidney failure, genetic
enzyme deficiencies, and endocrine system disorders.
Main Part
Biological Role of Proteins and Amino Acids: Amino acids are the primary monomer units that
make up proteins and are essential organic compounds for human life. The human body requires 20
different amino acids for protein synthesis, of which 8-10 are essential amino acids that cannot be
synthesized by the body and must be obtained through food. The biological role of amino acids and
proteins is extensive, as they ensure the structure and function of all cells and tissues.
Firstly, proteins are part of enzymes, which ensure that metabolic processes occur quickly and
efficiently. Without enzymes, metabolic reactions would slow down significantly, and vital reactions
necessary for life would almost cease. Secondly, proteins form the basis of hormones, such as insulin,
glucagon, and thyroxine, which regulate hormonal balance in the body.
Additionally, proteins derived from amino acids play a crucial role in the immune system by forming
immunoglobulins that protect the body against infections and viruses. Another important function of
proteins is transport: they facilitate the transport of oxygen and other substances through hemoglobin
and myoglobin.
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Moreover, proteins are invaluable in regeneration processes, i.e., repairing damaged tissues in the
body. Proteins in muscles, skin, internal organs, and cell membranes are constantly renewed and
participate in the growth and recovery of the body. Proteins also serve as an energy source: under
certain conditions, 1 gram of protein provides approximately 4 kcal of energy.

Thus, proteins and amino acids are essential substances with a decisive biological role in ensuring the
proper functioning, protection, growth, and energy supply of the body.

2. Stages of Amino Acid Metabolism

2.1. Deamination: Deamination is one of the most important stages of amino acid metabolism, during
which the amino group of an amino acid is removed. This process mainly occurs in liver cells and
facilitates the subsequent breakdown of amino acids or their use as an energy source. The ammonia
produced during deamination is highly toxic to the body. Therefore, the liver rapidly converts it into
a harmless form through the urea cycle, and it is excreted by the kidneys in the form of urea. Efficient
functioning of the urea cycle prevents the accumulation of nitrogenous compounds in the body, thus
avoiding toxicity.

2.2. Transamination:

Transamination is one of the most common and reversible reactions in amino acid metabolism, where
the amino group is transferred from one amino acid to another a-keto acid molecule. This process
results in the formation of new amino acids and the redistribution of components necessary for protein
synthesis in the body. Transamination is directly dependent on pyridoxine (Vitamin B6). Vitamin B6
acts as a coenzyme for enzymes, activating transaminase reactions. These processes are crucial for
proper protein synthesis, energy metabolism, and the maintenance of nitrogen balance in the body.
2.3. Decarboxylation: Decarboxylation is a critical biochemical process in which the carboxyl group
of amino acids is removed, producing biologically active amines. These substances play significant
roles in the body. For example:

. Histidine — Histamine: Histamine serves as a key mediator in allergic reactions and
inflammatory processes.

. Tryptophan — Serotonin: Serotonin is an important neurotransmitter regulating mood,
sleep, appetite, and nerve impulses.

. Tyrosine — Dopamine, Adrenaline: Dopamine regulates motivation, movement, and
emotions, while adrenaline activates the “fight or flight” response during stress.

The biologically active substances produced during decarboxylation are crucial for the nervous
system, hormone production, heart function, blood pressure, and psychological state. Therefore, the
decarboxylation of amino acids is of immense importance for maintaining neurohormonal balance in
the body.

3. Diseases Associated with Amino Acid Metabolism Disorders

3.1. Phenylketonuria (PKU): Phenylketonuria is a severe inherited metabolic disorder caused by a
congenital deficiency of the enzyme phenylalanine hydroxylase. Due to the lack of this enzyme, the
amino acid phenylalanine cannot be converted into tyrosine and accumulates in the body as toxic
byproducts. High levels of phenylalanine primarily damage the central nervous system, leading to
delayed mental development in infants and children.

The main complications of the disease include delayed cognitive development, seizures, behavioral
disorders, and neurological deficits. Without timely treatment, neurological damage can become
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permanent. The primary treatment is a special low-phenylalanine diet, where the intake of
phenylalanine is strictly controlled. Early diagnosis shortly after birth significantly improves
treatment outcomes.

3.2. Alkaptonuria: Alkaptonuria is a genetic disorder of tyrosine metabolism caused by a congenital
deficiency of the enzyme homogentisate oxidase. When this enzyme is inactive, homogentisic acid
accumulates in the body and gradually deposits in various tissues. Oxidation of this acid in urine gives
it a dark color.

Clinical signs of the disease include joint pain, limited mobility, and darkening of connective tissues
(ochronosis). Alkaptonuria is usually a chronic condition, with symptoms intensifying in adulthood
and persisting throughout life.

3.3. Maple Syrup Urine Disease (MSUD): Maple Syrup Urine Disease is a severe inherited disorder
of branched-chain amino acid metabolism, affecting leucine, isoleucine, and valine. When the
enzyme complex responsible for breaking down these amino acids is deficient, toxic metabolites
accumulate in the body. As a result, the urine has a characteristic sweet, caramel-like odor.

The main risk of MSUD is severe damage to the central nervous system, which can lead to brain
injury, unconsciousness, seizures, and potentially death. Treatment involves a strict diet limiting
branched-chain amino acids, continuous metabolic monitoring, and sometimes specialized medical
formulas.

3.4. Amino Acid Metabolism in Liver Diseases: The liver is the primary organ for amino acid
metabolism, performing key processes such as deamination, transamination, and the urea cycle.
Diseases like hepatitis, liver cirrhosis, and fatty liver impair liver function and disrupt the urea cycle.
This leads to a sharp increase in toxic ammonia levels in the blood, causing hepatic encephalopathy—
a neurological disorder associated with liver failure.

Additionally, protein synthesis decreases during liver disease, reducing blood albumin levels and
resulting in edema and ascites (fluid accumulation in the abdominal cavity). Therefore, liver diseases
are closely linked to amino acid metabolism and significantly affect the body's overall metabolic
balance.

3.5. Amino Acid Metabolism in Kidney Failure: The kidneys play a crucial role in filtering,
reabsorbing, and returning amino acids to the body. When kidney failure develops, these processes
are impaired, disrupting the normal balance of amino acids in the blood. The accumulation of
nitrogenous toxic substances leads to a severe condition called uremia.

Moreover, kidney diseases often cause significant protein loss through urine, known as proteinuria.
This loss of protein weakens immunity, reduces muscle mass, and impairs overall metabolism.
Therefore, kidney dysfunction has serious consequences for amino acid metabolism.

3.6. Metabolic Syndrome and Amino Acids: Metabolic syndrome is a complex condition
characterized by excess weight, insulin resistance, high blood pressure, and lipid metabolism
disorders, which directly affect amino acid metabolism. Studies have shown that patients with
metabolic syndrome have significantly elevated levels of branched-chain amino acids (BCAAS)—
leucine, isoleucine, and valine—in their blood.

Excess accumulation of these amino acids increases insulin resistance, accelerating the development
of type 2 diabetes. Furthermore, elevated BCAAs stimulate the synthesis and storage of fatty acids,
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promoting obesity and increasing the risk of cardiovascular diseases. Therefore, monitoring amino
acid metabolism in metabolic syndrome is essential.
Conclusion: Protein and amino acid metabolism is one of the most important biochemical processes
that ensure normal life functions in the human body. These processes are directly necessary for
protein synthesis, energy metabolism, hormonal regulation, nervous system activity, and immune
function.
Any disruption in amino acid metabolism can lead to complex diseases, including inherited enzyme
deficiencies, endocrine disorders, liver failure, kidney dysfunction, and other metabolic syndromes.
Early detection of changes in amino acid metabolism and diagnosis of enzyme deficiencies through
genetic, biochemical, or clinical methods are crucial. Timely implementation of specialized diets,
medications, and metabolic monitoring helps prevent severe complications. Thus, studying and
controlling processes related to protein and amino acid metabolism is of critical importance for
maintaining human health.
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