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. companng and contrasting sequences of amino acids
* interpreting data

» Idenrify the differences in the amino-acid sequences of the cytochrome ¢ and
hemoglobin molecules of several spedies.

. Inferthe evolutionary relationships among several species by comparing
amino-acid sequences of the same protein in different orgamisms.

s paper
« pencil

You are 2 zoologist who spacializes in the classification of vertebrates according

1o their evolutionary lauonshmc In your research, you exarnine the amino-acd

sequences of particular protein molpculns found in vertebrates to determine the

i devree of biochemical sirnilarity between vertebrate species. Today you will comn-
- pare portions of humnan cytochrome ¢ and hemoglobin molecules with the same

pomons of those molecules in other vertebrate species. Your goals are to deter-
mine the differences in the amino-acid sequences of the moxe‘ulﬂs and to deduce

the evolutionary relationships among the species

The biochemical comparison of proteins is technique nsed to determine evolu-
tionary relationships among organisms. Proteins consist of f chains of amino
acids. The seguence, or order, of the amino acidsin a protein determines the
tyD° and nature of the protein. In turn, the sequence of amino acids in a protein
is determined by the sequence of nudeotides in 2 gene. A change in the DNA,

nucleotide sequence (mutation) of 2 gene that codes for 2 protein may result in a
change in the amino-acid sequence of the protein,

Biochemical evidence of evolution compares favorably with structural svidence
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 .

- throughrevolutior Researehiars Believe that fhe greater the similarity in the

amino-acid sequences of two organisms, the more closely related they are in an
evoluﬁonary sense. Conversely, the greater the time that organisms have bee
cmmrgm g from a common ancestor, the gr"atﬂ' the differences that can be
expected in the amino-acid sequences of their proteins.

Two proteins are commonly studied in attempting to deduce evoludonary rela-
tonships from differences in amine-acid sequences. One is cytochrome ¢, znd
tne other is hemoglobin. Cytochromecis a protein used in cellular respiration
and found in the mitochondriz of man Thany Organisme. :::mo._mom is the oxvgen-
carrving motecuie Jound in red biood celis.



Procadurs | Part f— L‘.‘yi:ochromfa r

1. A cytochrome ¢ molecule consists of a chain of 104 amino ac1ds 'T'he chart
- below shows the amino-acid sequence in corresponding parts of the
cytochrome ¢ molecules of nine vertebrates, The numbers along thee side of
the chart refer tothe position of these sequences in the chain, The letters
identfy the specific amino acids in the chain: ‘
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2. Ona piece of scratch paper, write the name of each vertebrate in the chart on
the previous page. Compare the. amino-acid sequence of hurnan cytochrome ¢
with fhat of each of the other eight- vprteb'at..s For each vertébrate’s sequence,
count the nurmber-6f aminoacits thatdiffer from those in the human
sequence, Write fhe number of differences in fhe amino-acid sequences under
the vertebrate’s mame, When you have completed your.comparisons, transfer
your data to the date table below. As you do, list the-eight vertebrates in order
from fewest differences to mnost differences.

Cytochroms ¢ Amino-Acid ;:»et;unnc== Differences
Batween Humans and Ofther Vertebrate Species

Species ' Mumber of differances
from hiuman cytochrome ¢

.................................................................................................

€ According to this line of evidence, which organism is most dlosely related
to hurnans? Which is least closely related to humans?

¢ Frog and murtle cytochrome c molecules have the same number of differ-
ences TOm numan cyto: cnrome ¢ Whick vertebrare, frog or turtis, would

vou put higher on the list? Explain,




Part 2——Hemog[obln

H'émog‘lobin Amino-Acid Segquences

" 3. Lookat'the amino-acid sequences shown below, These sequences are por-
tions of the hemoglobin molecules of five organisms. The portion of the
chains shown are from amino acid number 87 to amino acid nuamber 116 in
a sequence of 146 amino- acids.
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‘4. Compare-the. arhino-acid sequence of human' hemoglobin m@lemﬂes w1th
 thatifeath of the other four vertebrates. For each vertebrate®s sequence, -
- -conntithe mumiber of amino acids that differ frorn the human - sequence and
list themn in the table below. Be sure to list the animal species in descending
order.according to their degree of evoluuonary closeness to hiimans,

Hemoglobin Amino-Acid Sequance Similarities
- Between Humans and Other Vertebrate Spediss

.

' Speties - ‘Number of differences
‘ from human hemoglobin

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

Anaiysis 5. What are some methods bmloglsts use to determine evolutionary
N . relationships? .

6. Why can it be said that proteins behave like molecular docks?
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7. When the portions of the gorilla and human hemoglobin molecules were
. compared, there was only one difference in the amino-acd sequience. What
- cgul@._}x_g;\_zeibe;ﬂ}. responsible for this change?

8. If the amino-acid sequences are similar in gorillas and hurnans, will the
nucleotide sequence of their DNA dlso be similar? Why or why not?

Conclusions | 9. Examine the data table you completed in step 2 of Part 1. The values listed for

the chicken and the horse differ by oxly ome. Can you deduce from thiis that
the chicken and the horse are closely related to each other? Why or why not?

10. How is biochemical comparison different from other methods of determin-
ing evolutionary relationships? ‘
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11. Do library or oz-line research to discover what other Types of molecnles can

De used 10 determine the evolutonary relationships emong organisrms basec
on biochemical comperisone.

o)
[88]

. Do reszarch to find out how biologisrs determine the aminc-eoid sen
2 protein molecule.




