TEAM 4: Population Genetics of Lactose Intolerance
A. Biochemistry: Enzyme-Substrate

The milk produced by human mammary glands contains about the same percentage of fat and less protein than cow's milk, but it has more carbohydrate than that of other mammals. This carbohydrate is in the form of lactose, a disaccharide. Mammalian infants depend on their mother's milk for nourishment and immunological protection. As a fresh, temperature-controlled, uncontaminated food source, the milk from mother's breast is the best at meeting the needs of the infant. Except for certain populations of Western humans, milk consumption stops (or is greatly reduced) with weaning. It also happens that in animals and most humans there is a decline in the level of production of lactase with aging. Lactase is the enzyme that digests milk sugar.

The hydrolysis (breakdown) of the lactose sugar by lactase is described below:
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B. Symptoms:

Most human infants produce ample quantities of lactase for milk digestion. However, in the vast majority of adult humans, the gene which specifies production of lactase is turned "off" and these individuals cannot digest lactose - they are lactose intolerant. Symptoms of lactose intolerance include cramps and diarrhea. It goes like this: The lactose molecule, which is large, accumulates in the large intestine and affects the osmotic balance there. Since water moves across semipermeable membranes, such as the intestine, from areas of high concentration to low concentration, the addition of large lactose molecules causes water to enter the intestine. This can result in the very unpleasant experience of watery stool or diarrhea. Since lactose is a sugar, it is an ideal food for the bacteria which normally inhabit our intestine (and are essential to digestion). However, the lactose will be fermented by these same friendly bacteria, and organic acids which are gases, are produced by them. And we all know what discomfort intestinal gas can cause! Even small amounts of dairy products or a single glass of milk can cause extreme discomfort. The onset of symptoms normally occurs within 15 minutes to 3 hours after consuming the offending food. So most folks who are lactose intolerant choose to avoid lactose-containing milk products, or modify the lactose, to avoid the cramps and diarrhea associated with the intolerance syndrome.

C. Lactose Intolerance in the United States:

	Population in the United States
	% of Lactose Intolerance

	ALL
	90-95%

	Native Americans
	100%

	Alaskan Eskimos
	80%

	African Americans
	75%

	Asian Americans
	90%

	European American
	12%

	Mexican American
	55%


Although considered a disorder due to the symptoms of milk consumption, lactose intolerance is highly abundant in the world, including the United States. In fact the majority of people on earth cannot digest milk well in their adulthood.

D. Genetics: 

In a previous lesson you have investigated the inheritance pattern of lactose intolerance by looking into one particular (hypothetical) family. The pedigree chart of that family is given below. 
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Based on the pedigree chart it has been concluded that lactose intolerance is a recessive condition, which can be passed on from carrier (heterozygote) parents to their children (i.e. Donna and Mike are carriers, that passed the condition on to Jane).
In addition, we also know that the gene for Lactase, called LCT, is located on chromosome 2, which is one of the autosomes. Therefore, lactose intolerance is an autosomal, recessive condition. 
Mutation: 

In the original, non-mutated (recessive) allele of LCT gene lactase production is inhibited in adulthood, while the mutated (dominant) LCT allele is actively producing lactase protein throughout adulthood. Details of the mutations themselves are described in a different page. In heterozygotes, enough lactase protein is produced by the single dominant allele, to enable milk digestion with no side effects. 
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