Inborn Errors of Metabolism

Emery’s Elements of Medical genetics



Disorders of Phenylalanine or Tyrosine Metabolism
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Phenylketonuria

e Autosomal recessive

* phenylalanine hydroxylase — conversion of phenylalanine to tyrosine
* Hundreds of different mutations

e accumulation of phenylalanine and phenylpyruvic acid
* a deficiency of tyrosine = reduction in melanin formation
* Treatment - a phenylalanine restricted diet in childhood and pregnancy

* if untreated — intellectual impairment, seizures (toxic level of
phenylalanine)

* Diagnosis
* Guthrie test - Bacillus subtilis, which requires phenylalanine for growth
* biochemical assays

* Maternal Phenylketonuria
* newborn screening programs for the disease



Alkaptonuria

* Autosomal recessive

* Mutation in homogentisic acid
oxidase

e Accumulation of homogentisic acid
* Black urine

 Ochronosis

* a syndrome caused by the
accumulation of homogentisic acid in
connective tissues

» dark pigment deposite in tissue (ear
wax, cartilage, joints)

Fig. 3: Comparison of Colour of Freshly Voided
Urine and Urine after 24 Hours




Oculocutaneous Albinism

e Autosomal recessive
* a lack of pigment in the skin, hair, iris, and ocular fundus

e poor visual acuity and uncontrolled pendular eye movements —
nystagmus.



Urea Cycle Disorders

NH;

* deficiencies of enzymes in il T

the urea cycle - autosomal \

recessive, except - ornithine ET Ornithine
transcarbamylase deficiency Carbamy! phospate] [1] Carbamyl synthetase deficiency P. Urea
(X-linked recessive) N :Z:j;‘l';‘;f:”“ar“a’"”“""”e“‘“’f"“'e”“‘”’

* intolerance to protein from Cn!,,i,,e E— Ar
the accumulation of a—l ‘i_E

ammonia in the body—
hype rammOnemla - tOX|C tO Aspartic acid Argininosuccinic acid Fumaric acid

central nervous system



Disorders of Carbohydrate Metabolism

* Classic Galactosemia e i
* an autosomal recessive disorder oH B0 & oH
* a deficiency of the enzyme galactose 1-phosphate uridyl OH OH
transferase - the metabolism of the dietary sugar #actodst? ”
* Newborns - vomiting, lethargy, failure to thrive, and jaundic CHS;Hgar oun chIOH
* |f untreated - mental retardation, cataracts, and liver cirrhos OH O__ OH O__ OH
* Treatment - dietary restriction i N
OH OH
] D-galactose D-glucose
* Hereditary Fructose Intolerance
* an autosomal recessive disorder Slerase
 a deficiency of the enzyme fructose 1-phosphate aldolase CH,OH
« dietary fructose - in honey, fruit, and certain vegetables, in 0 CHz%H
the disaccharide sucrose in cane sugar. OH s
. fa|Iur§ to thr.lve, vomiting, jaundice, and .selzures. On o) CH,OH
* The diagnosis - the presence of fructose in the urine OH
Glucose OH  Fructose

Treatment - dietary restriction



Glycogen Storage Disorders (GSDs)

* |In the GSDs glycogen accumulates in excessive amounts in skeletal muscle,
cardiac muscle, and/or liver

e a variety of inborn errors of the enzymes involved in synthesis and
degradation of glycogen

* glycogen is unavailable as a normal glucose source

* hypoglycemia, impairment of liver function and neurological abnormalities
» 30 different GSD entities - six major types

e von Gierke Disease (GSD )

 a deficiency of the enzyme glucose-6-phosphatase - degradation of liver glycogen to
release glucose

* an enlarged liver (hepatomegaly) and/or sweating and a fast heart rate due to
hypoglycemia

* Treatment is simple—frequent feeding and avoidance of fasting to maintain the
blood sugar concentration



Disorders of Steroid Metabolism

* a number of autosomal
recessive inborn errors of
the biosynthetic pathways of
cortisol

e virilization of a female fetus
and salt loss in infants of
either sex - a deficiency of
the hormone aldosterone

 defects of the androgen
receptor result in lack of
virilization of chromosomally
male individuals
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Congenital Adrenal Hyperplasia (CAH)

* the most common cause of ambiguous genitalia in female newborns
(accumulation of the adrenocortical steroids proximal to the enzyme block
in the steroid biosynthetic pathway), in male infants presenting with
circulatory collapse in the first few weeks of life

* 21-Hydroxylase deficiency - 90% of cases
e 25% - the salt-losing form - circulatory collapse, hyponatremia, and hyperkalemia

* Desmolase deficiency

* causing a reversed phenotype of ambiguous genitalia in males
(pseudohermaphroditism), and severe Addisonian crises

* 5a-reductase deficiency
* significantly under-masculinized but do not suffer other metabolic problems

* Raised as females significantly under-masculinized but do not suffer other metabolic
problems, males in puberty

* Treatment - replacement cortisol, along with fludrocortisone



Disorders of Lipid and Lipoprotein Metabolism

* Familial Hypercholesterolemia - the most
common autosomal dominant single-gene
disorder

* Mutation in the LDL receptor

* reduced or defective biosynthesis of the
receptor

* reduced or defective transport of the receptor
from the endoplasmic reticulum to the Golgi
apparatus

* abnormal binding of LDL by the receptor

* abnormal internalization of LDL by the
receptor

* Treatment
 dietary restriction of cholesterol intake

e drug treatment with ‘statins’ - reduce the
endogenous synthesis of cholesterol by
inhibiting the enzyme 3-hydroxy-3-
methylglutaryl coenzyme A (CoA) reductase
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Lysosomal Storage Disorders

e deficiency of a lysosomal enzyme

* the accumulation of one or more of a
variety or type of macromolecules

* Mucopolysaccharidoses
e Hurler Syndrome (MPS 1)
* Sphingolipidoses
* Tay-Sachs Disease
* Gaucher Disease



Mucopolysaccharidoses

skeletal, vascular, or central nervous
system flndlngs along with coarsening
of the facial features

accumulation of sulfated
polysaccharides (glycosaminoglycans -
dermatan, heparan, keratan, and
chondroitin squate)

e excretion in the urine

defective degradation of the
carbohydrate side-chain of acid
mucopolysaccharide

Six different MPSs - autosomal
recessive disorders, except Hunter
syndrome — X- linked

Hurler Syndrome — the most severe
Treatment - enzyme replacement
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Sphingolipidoses

* an inability to degrade sphingolipid - progressive
deposition of lipid or glycolipid, primarily in the brain,
liver, and spleen

* progressive mental deterioration, often with seizures, leading to
death in childhood

» 16 different types, with specific enzyme deficiencies

* Tay-Sachs Disease

e Common in Ashkenazi Jews

* Short life expectancy (3 years)

* Reduced hexosaminidase A activity - deficiency of the a subunit
of the enzyme B-hexosaminidase - accumulation of the
sphingolipid GM, ganglioside

* Gaucher Disease

e Common in Ashkenazi Jews

* Type | - adult onset

* Type Il - short life expectancy (2 years)

* reduced activity of the enzyme glucosylceramide B-glucosidase

Cherry-red spot in the retina



Disorders of Porphyrin and Heme Metabolism

 autosomal dominant inheritance

* the enzymes are rate limiting - haploinsufficiency results in clinical
disease

* The different types of porphyria
* Hepatic Porphyrias
* Erythropoietic Porphyrias



Disorders in the Metabolism of Trace Elements
and Metals

* Disorders of Copper Metabolism
* mutations in genes coding for the ATPase cation transport protein for copper

* Menkes disease
e X-linked recessive disorder
* low serum copper and ceruloplasmin levels

» Short life expectancy (3 years)
* Treatment regimens - different exogenous copper sources - limited benefit to date

* Wilson disease
* Autosomal recessive
* high copper levels in the liver, decreased serum concentrations of the copper
transport protein ceruloplasmin
* Treatment regimens - chelating agents such as D-penicillamine



Disorders of Energy Metabolism
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Progressive effects of heteroplasmy

Mild disease Severe disease



Mitochondrial Respiratory Chain Disorders

* A combination of neurological signs—encephalopathy, dementia,
ataxia, dystonia, neuropathy, and seizures—and myopathic signs—
hypotonia, weakness, and cardiomyopathy with conduction defects

* Other symptoms and signs - deafness, diabetes mellitus, retinal
pigmentation, and acidosis

* Myoclonic Epilepsy and Ragged Red Fiber Disease (MERRF)

* a point mutation in the gene for lysine tRNA

* Mitochondrial Encephalomyopathy, Lactic Acidosis, and Stroke-Like
Episodes (MELAS)

* mutation in the gene for tRNA leucineY?



