ANSWERStoWS: GENE SUITE: Lesson A: Why do we need Vitamin C in our diet?

1. Rat sequenceyieldsachain of 17 amino acids:
YPVEVRFTRGDDILLSP (Tyr-Pro-Va-Glu-Va-Arg-Phe-Thr-Arg-Gly-Asp-Asp-lle-L eu-L eu-Ser-Pro)
AA Y P V E V R F T R G D D I L L s P

2. Human sequence yields achain of only 14 amino acids because a deletion causes a frameshift which
creates a stop codon:

YLVGVRFTWRMTSY (Tyr-Leu-Va-Gly-Va-Arg-Phe-Thr-Trp-Arg-Met-Thr-Ser-Tyr)
AM:Y L V G V R F T W R M T S Y

3. In comparing the two sequences, students should observe that 6 of the first 9 amino acids match. From
codon #346 on, none match.

4. Seven differencesin the first 9 codons were reflected in only three differencesin thefirst 9 amino acids.
The absence (“deletion”) of one nucleotide in the human sequence, corresponding to rat codon number
346, was associated with a left-shift in the reading frame, resulting in total lack of matches for amino acids
11-15 and termination of the human chain. This deletion aone would result in the human chain being only
345 amino acids long instead of being 440 amino acids long.

5. Single-base substitutions produce fewer amino acid changes than deletions do. Even if thiswere the only
difference between the two gene sequences, which it is not, this one change alone would be expected to have
apotentially dramatic effect on the ability of the enzyme to carry out its function in synthesis of Vitamin C.

6. We can hypothesize that a change such as this occurred in our ancestors, that they were not harmed by
lack of the enzyme because Vitamin C was present in their fruit-rich diet, and that over generations, perhaps
solely by chance, the mutated gene (allele) became common and the normal gene (alele) wasfindly lost
completely.

7. How Can a Gene Become Per manently I nactivated?

Mutations may occur whenever chromosomes break or are copied. What kinds of mutations could prevent
protein synthesis or result in the production of an amino acid sequence so altered that it cannot performits
expected function? Mutationsin the promoter region of a gene can prevent its even being transcribed. To
imagine how mutations in the coding region of agene could affect the resulting protein, recall that enzymes
must “match up with” their respective “substrates’ in a manner similar to how a key must fit alock, so any
mutation that dramatically shortens a protein or causes amajor change in shapeislikely to prevent normal
functioning.

The two types of mutations likely to produce dramatic changes are asingle-base substitution that
produces astop codon (anonsense mutation) or adeletion of one or more nucleotides that “ shifts’ the
reading frame (aframeshift mutation).
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