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Amino acids

 Amino acids in blood are used in:
 Synthesis of plasma, intracellular and structural proteins

 Synthesis of nonprotein nitrogen containing compounds: purines, 
pyrimidines, porphyrins, creatine, histamine, thyroxine, epinephrine 
and coenzyme NAD

 Body energy: 12-20% of energy is due to proteins

 The ammonium produced during deamination of amino acids is 
converted into urea in liver







Aminoacidopathies

Can be in the activity of specific enzyme in the 
metabolic pathway

Membrane transport system for amino acids

 Diseases to talk about:
Phenylketonurea
Maple syrup urine disease (MSUD)
Homocystinuria
Argeninosuccinic aciduria and citrullinemia
Cystinurea





Phenylketonuria (PKU)

 An autosomal recessive genetic disorder characterized by a 
deficiency in the hepatic enzyme phenylalanine hydroxylase (PAH) 

 The PAH gene is located on chromosome 12

 More than four hundred disease-causing mutations have been 
found in the PAH gene

 PAH is necessary to metabolize the amino acid phenylalanine to 
tyrosine

 When deficient, phenylalanine accumulates to a level > 1200 
μmol/L and metabolized by alternative pathways. 



Phenylketonuria (PKU)

 The metabolites which are detected in blood and urine include:
 Phenylpyruvic acid (which known as phenylketone): which is the 

product of deamination of phenylalanine
 phenyllactic acid: which is the reduction product of phenylpyruvic acid
 Phenylacetic acid which is produced by decarboxylation and 

oxidation of phenylpyruvic acid
 And phenylacetylglutamine: which is the glutamine conjugate of 

phenylacetic acid

 These metabolites give urine musty odor
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Phenylketonuria (PKU)

 Variants of the disease result from partial deficiencies of PAH activity 
and are typically classified as: 
Mild PKU if phenylalanine levels are between 600 and 1200 μmol/L
Non-PKU mild hyperphenylalaninemia which present with 

phenylalanine levels in the range of 180-600μmol/L and no 
accompanying accumulation of phenylketones.

 The normal limits for serum phenylalanine levels for full term, normal 
weight newborns range from 1.2 to 3.4 mg/dL (70-200 μmol/L)



Phenylketonuria (PKU)

 A rarer of the disease occurs when PAH is normal but there is a defect in 
the biosynthesis of the cofactor tetrahydrobiopterin (BH4) by the patient 
which is necessary for proper activity of the enzyme (for PA, tyrosine and 
tryptophan hydroxylation)

 It results in hyperphenylalaninemia, that are not responsive to dietary 
treatment

 Examination of urinary proteins is helpful in diagnosis
 Although cofactor defects are rare, they must be identified so that 

appropriate treatment can be initiated
 Patients must be given the active cofactor a long with the 

neurotransmitter precursor L-dopa and 5-OH tryptophan



Phenylketonuria (PKU)

 Left untreated, this condition can cause problems with brain 
development, leading to progressive mental retardation and seizures

 In infants and children, the deterioration of brain function begins in the 
second or third week of life

 Brain damage can be avoided if the disease is detected at birth and 
the infant is maintained on a diet containing very low level of 
phenylalanine and high levels of tyrosine

 There is no cure. Damage done is irreversible so early detection is 
crucial
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Screening for PKU

 The Guthrie bacterial inhibition assay:

 Spores of the organism Bacillus subtilis are incorporated into an agar plate that 
contains β2-thienylalanine, a metabolic antagonist to B. subtilis growth.

 A filter paper disk impregnated with blood from the infant is placed on the agar

 If the blood level exceeds the range of 2-4 mg/dL, the phenylalanine 
counteracts the antagonists and bacterial growth occurs.

 To avoid false-negative results, the infant must be at least 24 hours old to ensure 
adequate time for enzyme and amino acid levels to develop

 The sample should be taken before administration of antibiotics or transfusion of 
blood or blood products

 Premature infant can show false positive results due to the immaturity of the 
liver enzyme systems



Other screening methods

 Microfluorometric assay: The direct measurement of phenylalanine in dried 
blood filter disks:
 This method is quantitative, more adaptable to automation, and is not affected by 

presence of antibiotics.

 The procedure is based on the fluorescence of complex formed of 
phenylalanine-ninhydrin-copper in the presence of dipeptide  (i.e. L- leucyl-L-
alanine).

 The test requires pretreatment of the filter paper specimen with trichloacetic
acid (TCA)

 The extract is then reacted with microtiter with a mixture of ninhydrin, succinate, 
and leucylalanine in the presence of copper tartarate.

 The fluorescence of the complex is measured using excitation/ emission 
wavelengths of 360 nm and 530 nm, respectively

 For quantitative methods, HPLC or tandem mass spectrometry (MS/MS) are 
used



Other screening methods

 Urine testing for phenylpyruvate can be used for diagnosis in 
questionable cases and for monitoring of dietary therapy

 The test which may be performed by tube or reagent strip test 
involves the reaction of ferric chloride with phenypyruvic acid in 
urine to produce a green color

 Prenatal diagnosis and detection of carrier status in families with 
PKU is now available using DNA analysis

 Analysis using cloned human PAH cDNA, has revealed the presence 
or numerous restriction fragment length polymorphism in the PAH 
gene


