Analyzing Amino-Acid Sequences to Determine

Evolutionary Relationships

Essential Question:

Can you infer the evolutionary relationship among several species by comparing amino-acid sequences of the same protein in different organisms?

.

Purpose:

You are a zoologist who specializes in the classification of vertebrates according to their

evolutionary relationships. In your research, you examine the amino-acid sequences of particular protein molecules found in vertebrate species. Today, you will compare portions of human cytochrome c and hemoglobin molecules with the same portions of those molecules in other vertebrate species. Your goals are to determine the differences in the amino-acids sequences of the molecules and to deduce the evolutionary relationships among the species.

Background Information:

The biochemical comparison of proteins is a technique used to determine evolutionary

relationships among organisms. Proteins consist of chains of amino acids. The sequence, or order, of the amino acids in a protein determines the type and nature of the protein. In turn, the sequence of amino acids in a protein is determined by the nucleotide sequence in a gene. A change in the DNA nucleotide sequence (mutation) of a gene that codes for a protein may result in a change in the amino acids sequence of the protein. Biochemical evidence of evolution compares favorably with the structural evidence of evolution. Even organisms that appear to have few physical similarities may have similar sequences of amino acids in their proteins and be closely related through evolution. Researchers believe that the greater the similarity in the amino acid sequences of the two organisms, the more closely related they are in the evolutionary sense. Conversely, the greater the time that organisms have been diverging from a common ancestor, the greater the differences that can expected in the amino-acid sequences of their proteins.

Two proteins are commonly studied in attempting to deduce evolutionary relationships from differences in amino-acid sequences. One is cytochrome-c and the other is hemoglobin. Cytochrome-c is a protein used in the electron transport chain of cellular respiration and is found in the mitochondria of many organisms. Hemoglobin is the oxygen-carrying molecule found in the red blood cells.

Procedure:

Part 1 – Cytochrome-c

A cytochrome-c molecules consists of 104 amino acids. The chart below shows the amino acids sequence in corresponding parts of the cytochrome-c molecules of nine vertebrates. The numbers along the side of the chart refer to the position of these sequences in the chain. The letters identify the specific amino acids in the chain.
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On a piece of scratch paper, write the name of each vertebrate in the chart on the previous

page. Compare the amino-acid sequence of human cytochrome-c with that of each of the other eight vertebrates. Foe each vertebrate’s sequence, count the number of amino acids that differ from those in the human sequence. Write the number of differences in the amino-acid sequence under the vertebrate’s name. When you have completed your comparisons, transfer your data tothe table below. As you do, list the eight vertebrates in order from the fewest differences to the most differences.
Cytochrome-c Amino-Acid Sequence Differences

Between Humans and Other Vertebrate Species

	Species
	Number of Differences from Human Cytochrome-C

	
	


· According to this evidence, which organism is the most closely related to humans? Which is least closely related to humans?
· Frog and turtle cytochrome-c molecules have the same number of differences from human cytochrome-c. Which vertebrate, frog or turtle, would you put higher on the list? Explain.
Part 2 – Hemoglobin

Look at the amino-acid sequences shown below. These sequences are portions of the

hemoglobin molecules of five organisms. The portion of the chains shown from amino acid numbers 87 to 116 are written in three-letter codes from a sequence of 146 amino acids.

Hemoglobin Amino-Acid Sequences
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Compare the amino-acid sequence of human hemoglobin molecules with that of each of the other four vertebrates. For each vertebrate’s sequence, count the number of amino acids that differ from the human sequence and list them in order in the table below. Be sure to list the animal species in descending order according to their degree of evolutionary closeness to humans.
Hemoglobin Amino-Acid Sequence Similarities

Between Humans and Other Vertebrate Species

	Species
	Number of Differences from Human Hemoglobin

	
	


In the study of hemoglobin, which vertebrate is most closely related to humans? Least

closely related?
Analysis Questions:

1.  What are some methods biologists use to determine evolutionary relationships?

2.  Why can it be said that proteins behave like molecular clocks?

3. When portions of the gorilla and human hemoglobin molecules were compared, there was only one difference in the amino-acid sequence. What could have been responsible for this change?

4. If the amino-acid sequences are similar in gorilla and humans, will the nucleotide sequence of their DNA also be similar? Why or why not?

Questions to Guide Conclusions:

5. Examine the data table you completed in step 2 of Part 1. The values listed for the chicken and the horse differ only by one. Can you deduce from this that the chicken and the horse are closely related to each other? Why or why not?

6. How is biochemical comparison different from other methods of determining evolutionary relationships?

Extensions:

11. Do library or on-line research to discover what other types of molecules can be used to determine the evolutionary relationships among organisms based n biochemical comparisons.

12. Do research to find out how biologists determine the amino-acid sequence of a protein molecule.
