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Abstract

Amino acids are fundamental biomolecules involved in protein synthesis,
energy production, neurotransmitter formation, immune regulation, and numerous
metabolic processes. Their metabolism is tightly controlled through interconnected
pathways of transamination, deamination, decarboxylation, and nitrogen disposal.
Genetic defects affecting enzymes, transport proteins, or cofactors involved in
amino acid metabolism result in a diverse group of inherited metabolic disorders
collectively known as aminoacidopathies. These disorders often lead to the
accumulation of toxic metabolites, deficiency of essential metabolic products, and
progressive damage to multiple organ systems. Common hereditary amino acid
metabolism disorders include phenylketonuria, maple syrup urine disease,
homocystinuria, tyrosinemia, alkaptonuria, and cystinuria. Advances in molecular
genetics, newborn screening, and targeted therapies have significantly improved
diagnosis and patient outcomes. This review discusses the physiological
importance of amino acid metabolism, major metabolic pathways, inherited
disorders, diagnostic approaches, prevention strategies, and emerging therapeutic
perspectives.
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Introduction

Amino acids are organic compounds that serve as the building blocks of
proteins and play critical roles in numerous physiological functions. Beyond their
structural role in protein synthesis, amino acids participate in energy metabolism,
hormone production, neurotransmitter synthesis, immune responses, and
maintenance of acid-base balance.[1,2,3,4,5,6]

The human body utilizes twenty standard amino acids, which are categorized
into essential and non-essential amino acids. The metabolism of amino acids

177


https://doi.org/10.5281/zenodo.20657747

U SA @ AMERICAN JOURNAL OF APPLIED MEDICAL SCIENCE
ISSN: 2996-5101 (online) | ResearchBib (IF) = 10.81 IMPACT FACTOR

sciamme ouas Rty Volume-4| Issue-6| 2026 Published: |30-06-2026 |

involves highly coordinated enzymatic reactions that regulate their synthesis,
degradation, interconversion, and utilization.[7,8,9,10,11]

Genetic defects affecting these pathways can lead to inherited metabolic
disorders characterized by abnormal accumulation of amino acids or their
metabolites. These conditions often present during infancy or childhood and may
result in severe neurological, hepatic, renal, or systemic complications if left
untreated.[12,13,14,15]

Biological Importance of Amino Acids

Amino acids perform numerous biological functions essential for life.

Major functions include:

Protein synthesis

Enzyme production

Hormone synthesis

Neurotransmitter formation

Immune system regulation

Energy generation

Nitrogen transport

Certain amino acids also serve as precursors for biologically active molecules
such as dopamine, serotonin, melatonin, nitric oxide, and thyroid
hormones.[16,17,18]

Classification of Amino Acids

Essential Amino Acids

These amino acids cannot be synthesized in sufficient quantities by the human
body and must be obtained through diet.

Examples include:

Leucine

Isoleucine

Valine

Lysine

Methionine

Phenylalanine

Threonine

Tryptophan

Non-Essential Amino Acids

These amino acids can be synthesized within the body.

Examples include:

Alanine

Aspartate
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Glutamate
Serine
Glycine

Conditionally Essential Amino Acids
Certain physiological or pathological conditions increase the requirement for
specific amino acids.[19,20,21]
Examples include:
Arginine
Glutamine
Cysteine
Tyrosine
Overview of Amino Acid Metabolism
Amino acid metabolism consists of several interconnected pathways.
Major processes include:
Transamination
Oxidative deamination
Decarboxylation
Urea synthesis

SANESERCIE

Carbon skeleton metabolism

These pathways allow amino acids to participate in both anabolic and
catabolic processes.

Transamination Reactions

Transamination is the transfer of an amino group from one amino acid to
another molecule.[12,13,14]

Key enzymes:

Alanine aminotransferase (ALT)

Aspartate aminotransferase (AST)

The coenzyme required is:

Pyridoxal phosphate (Vitamin B6)

Transamination plays a central role in amino acid interconversion and
nitrogen metabolism.

Oxidative Deamination

Oxidative deamination removes amino groups from amino acids, producing
ammonia and keto acids.

The principal enzyme involved is:

Glutamate Dehydrogenase

This reaction occurs primarily in the liver and kidneys.
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Ammonia generated during deamination is highly toxic and must be rapidly
detoxified.

Urea Cycle and Nitrogen Disposal

The urea cycle is the primary pathway for ammonia detoxification.

Major steps occur in:

Liver mitochondria

Cytoplasm

The cycle converts toxic ammonia into urea, which is excreted by the kidneys.

Defects in urea cycle enzymes result in severe hyperammonemia and
neurological damage.[15,16,17]

Catabolism of Amino Acid Carbon Skeletons

Following removal of amino groups, carbon skeletons enter various metabolic
pathways.

They may be converted into:

Pyruvate

Acetyl-CoA

Oxaloacetate

Succinyl-CoA

Fumarate

a-Ketoglutarate

These intermediates contribute to:

ATP production

Glucose synthesis

Lipid synthesis

Inherited Disorders of Amino Acid Metabolism

Inherited amino acid metabolism disorders arise from mutations affecting
enzymes involved in amino acid catabolism.

These conditions are generally inherited in an autosomal recessive
manner.[18,19,20]

Phenylketonuria (PKU)

Phenylketonuria is one of the most common inherited amino acid disorders.

Enzyme Deficiency

Phenylalanine hydroxylase deficiency.

Pathogenesis

Impaired conversion of phenylalanine to tyrosine results in accumulation of
phenylalanine and toxic metabolites.

Clinical Manifestations

Intellectual disability
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Developmental delay

Seizures

Behavioral disturbances

Hypopigmentation

Prevention

Newborn screening and early dietary restriction of phenylalanine significantly
improve outcomes.[21,22,23,24]

Maple Syrup Urine Disease (MSUD)

MSUD  results from deficiency of the branched-chain a-ketoacid
dehydrogenase complex.

Affected amino acids include:

Leucine

Isoleucine

Valine

Clinical Features

Feeding difficulties

Neurological dysfunction

Seizures

Coma

The characteristic sweet odor of urine gives the disorder its name.

Without treatment, severe neurological damage may occur.

Homocystinuria

Homocystinuria is commonly caused by deficiency of cystathionine f-
synthase.

Biochemical Consequences

Accumulation of:

Homocysteine

Methionine

Clinical Manifestations

Lens dislocation

Skeletal abnormalities

Intellectual disability

Thromboembolic disease

Early diagnosis is critical because vascular complications can be life-
threatening.[25,26,27,28]

Tyrosinemia

Tyrosinemia comprises several inherited disorders affecting tyrosine
degradation.
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Type I Tyrosinemia

Caused by deficiency of fumarylacetoacetate hydrolase.

Clinical Manifestations

o Liver failure

« Renal dysfunction

» Growth retardation

o Increased risk of hepatocellular carcinoma

Modern treatment includes dietary management and nitisinone therapy.

Alkaptonuria

Alkaptonuria results from deficiency of homogentisate oxidase.

Characteristics

Dark urine upon standing

Ochronosis

Degenerative arthritis

Although generally compatible with long-term survival, progressive tissue
damage develops with age.

Cystinuria

Cystinuria is caused by defects in renal tubular amino acid transport.

Clinical Features

Recurrent kidney stones

Urinary tract obstruction

Chronic renal complications

Unlike many aminoacidopathies, cystinuria primarily affects amino acid
transport rather than metabolism.[29,30,31,32]

Urea Cycle Disorders

Inherited deficiencies of urea cycle enzymes cause hyperammonemia.

Examples include:

Ornithine transcarbamylase deficiency

Argininosuccinate synthetase deficiency

Carbamoyl phosphate synthetase deficiency

Severe hyperammonemia can lead to:

Cerebral edema

Seizures

Coma

Death

Diagnostic Approaches

Modern diagnosis relies on biochemical and molecular methods.

Laboratory Investigations
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Plasma amino acid analysis

Urinary organic acid analysis

Ammonia measurement

Liver function tests

Molecular Diagnostics

Gene sequencing

Mutation analysis

Prenatal diagnosis

Newborn Screening

Expanded newborn screening programs have dramatically improved early
detection rates.

Prevention and Management

Effective prevention strategies include:

Genetic Counseling

Provides risk assessment and reproductive guidance for affected families.

Newborn Screening Programs

Allow early diagnosis before symptom onset.

Dietary Therapy

Many aminoacidopathies require specialized dietary management.

Examples:

Low phenylalanine diet in PKU

Restricted branched-chain amino acids in MSUD

Pharmacological Treatment

Examples include:

Sapropterin for selected PKU patients

Nitisinone for tyrosinemia

Vitamin B6 supplementation in responsive homocystinuria

Liver Transplantation

May be considered for severe metabolic disorders unresponsive to
conventional therapy.

Future Perspectives

Advances in biotechnology are transforming the management of inherited
metabolic diseases.

Emerging approaches include:

Gene therapy

Genome editing

Enzyme replacement therapy

RNA-based therapeutics
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Precision medicine

These innovations may offer curative treatment options in the
future.[33,34,35,36]

Conclusion

Amino acid metabolism is essential for maintaining physiological homeostasis,
supporting protein synthesis, energy production, neurotransmitter formation, and
nitrogen balance. Genetic defects affecting these pathways result in diverse
inherited metabolic disorders with potentially severe clinical consequences. Early
diagnosis through newborn screening, molecular testing, and biochemical analysis
has significantly improved patient outcomes. Continued advances in genetics,
metabolomics, and targeted therapies are expected to enhance disease management
and provide novel opportunities for prevention and treatment.
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