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• Purine and pyrimidine are dietary nonessential components. 

• Dietary nucleic acids and nucleotides do not provide essential 
constituents for the biosynthesis of endogenous nucleic acids. 

• Dietary purine and pyrimidine are neither converted to nucleotides 
nor incorporated into nucleic acids. 

• Purine bases are oxidized to uric acid and pyrimidine bases are 
oxidized to CO2 and ammonia, which are subsequently excreted in the 
urine 
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Nucleiotide Needs

●DNA synthesis

●RNA synthesis

●Energy Currency like

 ATP

●Secondary messanger

 C-AMP, C-GMP

● Intermediate in metabolisms = Co-Enzyme

 NAD, NADP, FAD, AMP, ATP
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Source of Nucleotide

●Denovo Synthesis of Nucleiotide

●Salvage Pathway (Normal cell turnover)

●Diet
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BIOSYNTHESIS OF PURINE NUCLEOTIDES

The two purine nucleotides of nucleic acids are:

1. Adenosine monophosphate, AMP

2. Guanosine monophosphate, GMP

Purine nucleotides can be synthesized by two pathways:

1. De novo pathway 

2. Salvage pathway
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De Novo Biosynthesis Of Purine Nucleotides

• In de novo pathway, the purine ring formed from variety, of 
precursors is assembled on ribose-5-phosphate.

• Precursors for the De Novo Synthesis of Purine

− Glycine provides C4, C5 and N7

− Aspartate provides N1

− Glutamine provides N3 and N9

− Tetrahydrofolate derivatives furnish C2 and C8

− Carbon dioxide provides C6.
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Step 5: acquisition of purine atom N3

5
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•Step 6: closing of the imidazole ring

6
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7

Step 7: acquisition of C6

AIR carboxylase

Carboxyaminoimidazole

ribonucleotide (CAIR)
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Carboxyaminoimidazole  

ribonucleotide (CAIR)

Step 8: acquisition of N1

SAICAR synthetase
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Step 9: elimination of fumarate

adenylosuccinate lyase
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Step 10: acquisition of C2

AICAR transformylase
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Step 11: ring closure to form IMP

•Once formed, IMP is rapidly  
converted to AMP and GMP (itdoes  

not accumulate in cells).

Prof ZG Badade, Biochem Dept, MGM Medical College, Navi 
Mumbai

21



Prof ZG Badade, Biochem Dept, MGM Medical College, Navi 
Mumbai

22



Prof ZG Badade, Biochem Dept, MGM Medical College, Navi 
Mumbai

23



Prof ZG Badade, Biochem Dept, MGM Medical College, Navi 
Mumbai

24



Prof ZG Badade, Biochem Dept, MGM Medical College, Navi 
Mumbai

25



Prof ZG Badade, Biochem Dept, MGM Medical College, Navi 
Mumbai

26



Note: ATP is used for
GMP synthesis.

IMP is the precursor for both AMP and GMP.
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Synthesis Of Purine Nucleotides By Salvage Pathway

▪ The pathway involved in the conversion of free purines to nucleotides 
is called salvage pathway. It consists of a single reaction

▪ Free purine bases (adenine, guanine and hypoxanthine) are formed in 
cells during the metabolic degradation of nucleic acids and nucleotides 
which are salvaged and used over again to remake purine nucleotides. 
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Significance of Salvage Pathway
1. HGPRTase channels hypoxanthine and guanine back into DNA 
synthesis. Failure of this enzyme results:

▪Increased uric acid, a purine breakdown product.

▪The de novo pathway is stimulated due to an excess of PRPP 
(phosphoribosyl-pyrophosphate).

2. Salvage pathway provides purine nucleotides for tissues, incapable of 
their biosynthesis by de novo pathway. For example, 

▪ Human brain has low level of PRPP amidotransferase and 
therefore depends in part on salvage pathways. 

▪ Erythrocytes and polymorphonuclear leukocytes cannot 
synthesize 5-phosphoribosylamine and therefore utilize 
exogenous purines to form nucleotides.
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CATABOLISM OF PURINE NUCLEOTIDES

▪ The end product of purines (adenine and guanine) is uric acid

▪ The pathway for the degradation of AMP includes an extra step 

because adenosine is not a substrate for nucleoside phosphorylase. 

▪ In the extra step, adenosine is deaminated to inosine, which is a 

substrate for nucleoside phosphorylase. 

▪ A healthy adult human excretes uric acid at a rate of about 0.6 

g/24 hour
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DISORDERS OF PURINE CATABOLISM

▪ The catabolism of the purines, adenine and guanine produces uric acid. 
At physiological pH, uric acid is mostly ionized and present in plasma as 
sodium urate.

▪ The normal blood serum level of uric acid is 4 to 7 mg per 100 ml

▪ An elevated serum urate concentration is known as hyperuricemia.
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The causes of hyperuricemia

Uric acid and urate are relatively insoluble molecules which readily 
precipitate out of aqueous solutions such as urine or synovial fluid. The 
consequence of this is the condition, gout.

Formation of uric acid, depends on the rate of:

−De novo synthesis of purines

−The metabolism of endogenous DNA, RNA and other purine 
containing molecule such as ATP

−The breakdown of dietary nucleic acids
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Uric acid is excreted in two ways:

−Via the kidney: The majority of uric acid is excreted via the kidney

−Via the gut: Smaller amount of urate is excreted into the gut, where it 
is broken down by bacteria. This process is called uricolysis.

Gout

▪ Gout is a metabolic disorder associated with an elevated level of uric 
acid in the serum. 

▪ The increased serum uric acid is due to either increased formation of 
uric acid or its decreased renal excretion. 

▪ Whatever be the cause, gout is associated with hyperuricemia but 
hyperuricemia is not always associated with gout.
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Classification of gout
Gout is classified into two broad types:

1. Primary gout

2. Secondary gout

Primary gout

➢Primary gout is an inborn error of metabolism due to 

overproduction of uric acid.

➢ In primary gout, increased level of uric acid is associated 

with increased synthesis of purine nucleotides

▪ Increased synthesis of purine nucleotides is caused by defective 
enzymes of purine nucleotide biosynthesis, such as:

PRPP synthetase, PRPP glutamyl amidotransferase, HGPRTase
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Symptoms of primary gout

▪ Elevated concentration of uric acid in the blood and tissues. 

▪ The joints become inflamed, painful, and arthritic due to abnormal 
deposition of sodium urate crystals.  

▪ Patients with primary gout often show deposition of urate as tophi 
(clusters of urate crystals) in soft tissues that affects the joints and 
leads to painful arthritis.

▪ The kidneys are also affected, since excess urate is also deposited in 
the kidney tubules and leads to renal failure.
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Secondary gout

Secondary gout results from a variety of diseases that cause an: 

▪ elevated destruction of cells which occurs in cancers (leukemia, 
polycythaemia), psoriasis and hyper catabolic states (starvation, 
trauma, etc.).

▪ Decreased elimination of uric acid which  occurs in chronic renal 
disease due to reduced glomerular filtrate rate.

▪ Glucose-6-phosphatase deficiency
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Treatment of gout

▪ Gout can be treated by a combination of nutritional therapy and drug 
therapy.

▪ Foods especially rich in nucleotides and nucleic acids such as liver or 
coffee and tea, which contain the purines caffeine and theobromin are 
withheld from the diet. Restriction in intake of alcohol is also advised.

▪ Use of the drug allopurinol, which inhibits xanthine oxidase 
competitively
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Lesch-Nyhan Syndrome
▪ Inherited X-linked recessive disorder, that affects only males. 

▪ It is caused by a complete deficiency of HGPRTase, an enzyme which 
is involved in purine salvage pathway 

▪ In the absence of HGPRTase, the salvage pathway is inoperative and 
purines cannot be reconverted to nucleotides; instead they are 
degraded to uric acid.

▪ The genetic lack of HGPRTase causes an overproduction of PRPP, 
which stimulates purine biosynthesis. 

▪ Because of increased purine synthesis, the degradation product uric 
acid also increases. 

▪ This results in increased concentration of uric acid in plasma and 
urine and gout like damage to tissue.
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Symptoms
The symptoms include:

▪ Hyperuricemia

▪ Gout

▪ Urinary tract stones

▪ The neurological symptoms or mental retardation

▪ Spasticity (resistance to the passive movement of a limb)

▪ Self-mutilation (self painful, destructive behavior of biting of fingers 
and lips).
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Treatment

▪ Allopurinol reduces uric acid formation but does not alleviate the 
neurologic symptoms. 

▪ This syndrome is potential target for gene therapy
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Severe Combined Immunodeficiency 
▪ Severe combined immunodeficiency (SCID) is an immunological 
disorder. 

▪ The loss of adenosine deaminase (ADA) activity results in severe 
combined immunodeficiency (SCID). 

▪ ADA is an enzyme involved in degradation of AMP. Person with SCID 
have severe recurring infections, often leading to death at an early age. 

▪ SCID is characterized by loss of T-cells and B-cells which is essential to 
the immune response.

▪ SCID is often called the, “bubble boy disease”, because its treatment 
may include complete isolation of the patient in sterile “bubble” 
environment. 
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Treatment
▪ Bone marrow transplants from a matched donor to replace the 
hematopoietic stem cells those mature into B and T lymphocytes.

▪ Enzyme replacement therapy, requiring once or twice per week 
intramuscular injection of active ADA, is effective, but the therapeutic 
benefit declines after 8 to 10 years and complication arise, including 
malignancies. 

▪ Permanent cure requires replacing the defective gene with a 
functional one in bone marrow cells. 

▪ Adenosine deaminase deficiency was one of the first targets of 
human gene therapy trials in 1990. 

▪ Gene therapy is rapidly becoming a viable path for long term 
restoration of immune function for these patients. 
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Laboratory Results Of Analytes Associated With Gout 
And Lesch Nyhan Syndrome

The use of biochemical testing for the detection of gout 

1. Blood tests

2. Synovial Fluid Examination

3. Urinalysis

The use of biochemical testing for the detection of Lesch Nyhan syndrome (LNS) 

1. Overproduction of uric acid 

2. Activity of the HGPRTase enzyme

3. The urate to creatinine concentration ratio

4. Molecular Genetic testing (called as Diagnostic triad for LNS)
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De Novo Biosynthesis Of Pyrimidine Nucleotides

➢The pyrimidine nucleotides are:

1. Cytidine monophosphate CMP

2. Uridine monophosphate UMP

3. Thymidine monophosphate TMP.

➢Unlike the synthesis of purine nucleotide, six membered pyrimidine 
ring is made first and then attached to ribose phosphate, which is 
donated by PRPP.

Precursors for the De Novo Synthesis of Pyrimidine 

1. Glutamine provides N3

2. Aspartic acid furnishes C4, C5, C6 and N1

3. Carbon dioxide provides C2.
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Regulation of De Novo Synthesis of Pyrimidine 
nucleotides

▪ The first two enzymes carbamoyl phosphate synthase-II and aspartate
transcarbamoylase are allosteric enzymes and are regulated 
allosterically

▪ Carbamoyl phosphate synthase-II, is feed- back inhibited by UTP and 
activated by PRPP.

▪ Aspartate transcarbamoylase,, is feedback inhibited by CTP and 
activated by ATP.
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Catabolism Of Pyrimidine Nucleotides 

The end products of pyrimidine catabolism are highly water soluble:

▪CO2

▪NH3

▪β-alanine

▪β-aminoisobutyrate

▪ Humans probably transaminate β-aminoisobutyrate to 
methylmalonate semialdehyde which is then converted to 
succinyl-CoA via methylmalonyl-CoA. 

▪ β-alanine can serve as precursor of acetyl-CoA.
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Disorders Of Pyrimidine Catabolism
Since the end products of pyrimidine catabolism are highly water 
soluble, overproduction of pyrimidine catabolites is rarely associated 
with clinically significant abnormalities.

Disorder of Pyrimidine Synthesis 

▪ Orotic Aciduria

▪ Reye’s syndrome

Enzymes Of The Nucleotide Biosynthesis That Are Inhibited By 
Anticancer Drugs
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