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Galactose Metabolism 
· Lactose is hydrolyzed to galactose and glucose by lactase associated with the brush border membrane of the small intestine. Along with other monosaccharides, galactose reaches the liver through the portal blood. 
· Once transported into tissues, galactose is phosphorylated (galactokinase), trapping it in the cell. Galactose 1-phosphate is converted to glucose 1-phosphate by galactose 1-phosphate uridyltransferase and an epimerase. 
· Cataracts, a characteristic finding in patients with galactosemia, result from conversion of the excess galactose in peripheral blood to galactitol in the lens of the eye and nerves. These tissues have aldose reductase. Accumulation of galactitol in the lens causes osmotic damage and cataracts. 
· The same mechanism accounts for the cataracts in diabetics because aldose reductase also converts glucose to sorbitol, which causes osmotic damage. 
· Deficiency of galactose 1-phosphate uridyltransferase produces a more severe disease because, in addition to galactosemia, galactose 1-P accumulates in the liver, brain, and other tissues. 
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Fructose Metabolism 
· Sucrose is hydrolyzed by intestinal brush border sucrase, and the resulting monosaccharides, glucose and fructose, are absorbed into the portal blood. 
· The liver phosphorylates fructose and cleaves it into glyceraldehyde and DHAP. Smaller amounts are metabolized in renal proximal tubules.; important enzymes to remember are fructokinase, and fructose 1-P aldolase (aldolase B). 
· Fructokinase deficiency is benign and often detected incidentally. 
· Fructose 1-phosphate aldolase deficiency is a severe disease because of accumulation of fructose 1-phosphate in the liver and renal proximal tubules. 
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Pyruvate Dehydrogenase 
· Pyruvate from aerobic glycolysis enters mitochondria, where it may be converted to acetyl CoA for entry into the citric acid cycle if ATP is needed, or for fatty acid synthesis if sufficient ATP is present. 
· The pyruvate dehydrogenase (PDH) reaction is irreversible and cannot be used to convert acetyl CoA to pyruvate or to glucose. 
· Pyruvate dehydrogenase in the liver is activated by insulin, whereas in brain and nerves the enzyme is not responsive to hormones. 
· Pyruvate dehydrogenase is inhibited by its product acetyl CoA. 
· There are 5 important cofactors used by PDH. 
1. Thiamine pyrophosphate (TPP) from thiamine. 

2. Lipoic acid, synthesized endogenously. 

3. Coenzyme A (CoA) from pantothenate. 

4. FAD(H2) from riboflavin. 

5. NAD(H) from niacin.
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Thiamine Deficiency: Wernicke Korsakoff Syndrome 
· Thiamine deficiency is commonly seen in alcoholics, who may develop a complex of symptoms associated with Wernicke’s peripheral neuropathy and Korsakoff psychosis. 
· Symptoms include: 
1. Ataxia. 

2. Opthalmoplegia, nystagmus. 

3. Memory loss and confabulation. 

4. Cerebral hemorrhage. 

5. Congestive heart failure may be a complication (wet beri-beri) owing to inadequate ATP and accumulation of ketoacids in the cardiac muscle.





A newborn vomits after each feeding of milk-based formula, and does not gain weight. Biochemical testing reveals a severe deficiency of galactose-1-phosphate uridyltransferase, consistent with homozygosity. If this condition goes untreated, what is the likely outcome for this patient?



(A) Benign disease except for cataract formation
(B) Chronic emphysema appearing in early adulthood
(C) Chronic renal failure appearing in adolescence
(D) Death in infancy
(E) Gastrointestinal symptoms that remit with puberty

Explanations

Explanations:

The correct answer is D Galactosemia occurs in two very different clinical forms. Deficiency of galactokinase produces very mild disease with the only significant complication being cataract formation.In contrast, homozygous deficiency of galactose-1-phosphate uridyltransferase produces severe disease culminating in death in infancy. In addition to galactosemia and galactosuria, these patients have impaired renal tubular resorption leading to aminoaciduria, gastrointestinal symptoms, hepatosplenomegaly, cataracts, bleeding diathesis, hypoglycemia, and mental retardation. Pathologically, the CNS shows neuronal loss and gliosis and the liver shows fatty change progressing to cirrhosis.

Benign disease with cataract formation (choice A) is characteristic of galactokinase deficiency.

Chronic emphysema (choice B) is not associated with homozygous galactose-1-phosphate uridyltransferase deficiency, but rather with alpha 1-antitrypsin deficiency.

Impaired tubular reabsorption (producing aminoaciduria) is seen within a few days or weeks of feeding milk to an infant with severe galactosemia, as opposed to chronic renal failure appearing in adolescence (choice C).

Gastrointestinal symptoms (choice E) certainly occur in homozygous galactose-1-phosphate uridyltransferase deficiency, but they would not be expected to remit with puberty. Instead, most untreated infants with this disorder show failure to thrive and die in infancy from wasting and inanition.

