`````````````````````````````````Phenylketonuria Bioinformatics Assignment.

Your assignment is to analyze a mutation that is know to cause the disease phenylketonuria.  You will be using the website Online Mendelian Inheritance in Man (OMIM) which is housed in the National Library of Medicine.  One you access this site you can search it for PKU and it will take you to a site that summarizes a tremendous amount of medical and scientific research on the disease.  You will use the site to answer a few general questions about PKU, and also to research one specific mutation that cause PKU.  Write this on the provided powerpoint slide and turn it into the dropbox on D2L.

General Questions (1 point each):

1. What are the symptoms of PKU?   Mental retardation due to increased phenylalanine
2. What enzyme is mutated?  Phenylalanine hydroxylase
3. What is the mode of inheritance?  Autosomal Recessive
4. Based on the population genetics, what is the incidence of PKU in Europeans?  What is the predicted allele frequency of the PKU allele?  1 in 10,000
Questions on your assigned allele (4 points)

On the OMIM page for PKU, click on the link Allelic Variants.  There are 67 reported mutations that cause PKU.  Your group was assigned one to study, scroll down to find that allele.

Point mutations are written in a code used by geneticists, in which the normal amino acid and its location are written, followed by the new amino acid added as a result of the mutation.  For example D27Y would mean that an aspartic acid (D) at amino acid #27 was mutated to tyrosine (Y).  Using the genetic code and the sequence of the DNA and protein on the next page, this would mean that a codon for aspartic acid (GAC) was mutated to a codon for tyrosine (TAC).  Looking at the table on the final page, we see that this would cause the loss of a negatively charged amino acid, which is then replaced with an uncharged polar amino acid.  If a point mutation results in the formation of a stop codon then the abbreviation TER is shown.  If you have one of these mutations, indicate which specific codon was changed, and explain how the point mutation may affect the final activity of the enzyme, causing PKU.

Some mutations can also result in deletions of individual bases, or large chunks of the gene.  Here entire regions of the protein can be lost or altered.  If you have one of these mutations, draw a diagram of the DNA in a normal patient and an individual with this mutation to explain how it could alter the activity of the enzyme, causing PKU.

Your group will be assigned one of the following alleles:  1, 2, 4, 5, 8, 9, 10, 11, 23, 46, 61.

These should be included in the diagram, the DNA mutation from the OMIM site, and the impact on the protein. 

	Allele
	DNA Mutation  (2 points)
	Impact on protein (2 points)

	1
	G to A in splice site of exon 12, leads to loss of exon in mRNA.
	Skip exon, loss of 51 amino acids

	2
	CGG to TGG point mutation changes single codon.
	ARG408TRP, loss of pos. charge, addition of large hydrophobic amino acid

	4
	GAA to CGA point mutations change single codon.
	GLU280LYS, replace neg. charge with pos. charge

	5
	CGA to TGA point mutation changes a single codon
	ARG111TER, inserts premature stop codon, ¾ of amino acids not added to enzyme.

	8
	Deletion of Exon 3 in DNA will also lead to deletion in mRNA
	Loss of amino acids in first third of the protein.

	9
	ATG to GTG point mutation leads to loss of start codon.
	MET1VAL, loss of start codon, improper protein made.

	10
	CGG to CAG point mutation changes a single codon.
	ARG158GLN, loss of a positive charge.

	11
	CGA to TGA point mutation changes a single codon.
	 ARG243TER, inserts premature stop codon, ½ of amino acids not added to enzyme.

	23
	TCC to TTC point mutation changes a single codon.
	SER273PHE, loss of polar amino acid, replaced with a hydrophobic amino acid.

	46
	15 bp deletion in exon 11
	Loss of five amino acids in catalytic domain (active site) of enzyme.

	61
	Single base pair deletion (T) at Y377 leads to a frameshift.
	Incorrect amino acids added between 377 and 399.  Premature stop codon at 399 prevents addition of last 50 amino acids.


1.  What are the symptoms of PKU?   Mental retardation due to increased phenylalanine  (1 point out of 1)

2.  What enzyme is mutated?  Phenylalanine hydroxylase  (1 point out of 1)

3.  What is the mode of inheritance?  Autosomal Recessive  (1 point out of 1)

4.  Based on the population genetics, what is the incidence of PKU in Europeans?  1 in 10,000

What is the predicted allele frequency of the PKU allele?  1 in 100  (1 point out of 1)

Correctly identified mutation in DNA (1 point out of 1)

Correctly showed mutation in RNA (1 point out of 1)

Correctly showed mutation in protein (1 point out of 1)

Explained impact of mutation on protein activity (1 point out of 1)
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Aligned DNA (black) and amino acid (blue) sequence of phenylalanine hydroxylase     

1     cttcatcgtcgtccaactgaccttgagtgttagtttcgcggtaagtttgggtataagtgc  60

61    caccaccagtgccggcagtgtagtcagtagtttgttgctggaagtcgttaccgccaaact  120 

121   gcgtgttaccgcctagattagactgtggctgctggcgttgagggaaacctgcctgtacgt  180

  1                                             M  S  T  A  V  L  

181   gaggccctaaaaagccagagacctcactcccggggagccagcatgtccactgcggtcctg  240

  7   E  N  P  G  L  G  R  K  L  S  D  F  G  Q  E  T  S  Y  I  E  

241   gaaaacccaggcttgggcaggaaactctctgactttggacaggaaacaagctatattgaa  300

 27   D  N  C  N  Q  N  G  A  I  S  L  I  F  S  L  K  E  E  V  G  

301   gacaactgcaatcaaaatggtgccatatcactgatcttctcactcaaagaagaagttggt  360

 47   A  L  A  K  V  L  R  L  F  E  E  N  D  V  N  L  T  H  I  E  

361   gcattggccaaagtattgcgcttatttgaggagaatgatgtaaacctgacccacattgaa  420

 67   S  R  P  S  R  L  K  K  D  E  Y  E  F  F  T  H  L  D  K  R  

421   tctagaccttctcgtttaaagaaagatgagtatgaatttttcacccatttggataaacgt  480

 87   S  L  P  A  L  T  N  I  I  K  I  L  R  H  D  I  G  A  T  V  

481   agcctgcctgctctgacaaacatcatcaagatcttgaggcatgacattggtgccactgtc  540

107   H  E  L  S  R  D  K  K  K  D  T  V  P  W  F  P  R  T  I  Q  

541   catgagctttcacgagataagaagaaagacacagtgccctggttcccaagaaccattcaa  600

127   E  L  D  R  F  A  N  Q  I  L  S  Y  G  A  E  L  D  A  D  H  

601   gagctggacagatttgccaatcagattctcagctatggagcggaactggatgctgaccac  660

147   P  G  F  K  D  P  V  Y  R  A  R  R  K  Q  F  A  D  I  A  Y  

661   cctggttttaaagatcctgtgtaccgtgcaagacggaagcagtttgctgacattgcctac  720

167   N  Y  R  H  G  Q  P  I  P  R  V  E  Y  M  E  E  E  K  K  T  

721   aactaccgccatgggcagcccatccctcgagtggaatacatggaggaagaaaagaaaaca  780

187   W  G  T  V  F  K  T  L  K  S  L  Y  K  T  H  A  C  Y  E  Y  

781   tggggcacagtgttcaagactctgaagtccttgtataaaacccatgcttgctatgagtac  840

207   N  H  I  F  P  L  L  E  K  Y  C  G  F  H  E  D  N  I  P  Q  

841   aatcacatttttccacttcttgaaaagtactgtggcttccatgaagataacattccccag  900

227   L  E  D  V  S  Q  F  L  Q  T  C  T  G  F  R  L  R  P  V  A  

901   ctggaagacgtttctcaattcctgcagacttgcactggtttccgcctccgacctgtggct  960

247   G  L  L  S  S  R  D  F  L  G  G  L  A  F  R  V  F  H  C  T  

961   ggcctgctttcctctcgggatttcttgggtggcctggccttccgagtcttccactgcaca  1020

 267  Q  Y  I  R  H  G  S  K  P  M  Y  T  P  E  P  D  I  C  H  E  

1021  cagtacatcagacatggatccaagcccatgtatacccccgaacctgacatctgccatgag  1080

 287  L  L  G  H  V  P  L  F  S  D  R  S  F  A  Q  F  S  Q  E  I  

1081  ctgttgggacatgtgcccttgttttcagatcgcagctttgcccagttttcccaggaaatt  1140

 307  G  L  A  S  L  G  A  P  D  E  Y  I  E  K  L  A  T  I  Y  W  

1141  ggccttgcctctctgggtgcacctgatgaatacattgaaaagctcgccacaatttactgg  1200

 327  F  T  V  E  F  G  L  C  K  Q  G  D  S  I  K  A  Y  G  A  G  

1201  tttactgtggagtttgggctctgcaaacaaggagactccataaaggcatatggtgctggg  1260

 347  L  L  S  S  F  G  E  L  Q  Y  C  L  S  E  K  P  K  L  L  P  

1261  ctcctgtcatcctttggtgaattacagtactgcttatcagagaagccaaagcttctcccc  1320

 367  L  E  L  E  K  T  A  I  Q  N  Y  T  V  T  E  F  Q  P  L  Y  

1321  ctggagctggagaagacagccatccaaaattacactgtcacggagttccagcccctgtat  1380

 387  Y  V  A  E  S  F  N  D  A  K  E  K  V  R  N  F  A  A  T  I  

1381  tacgtggcagagagttttaatgatgccaaggagaaagtaaggaactttgctgccacaata  1440

 407  P  R  P  F  S  V  R  Y  D  P  Y  T  Q  R  I  E  V  L  D  N  

1441  cctcggcccttctcagttcgctacgacccatacacccaaaggattgaggtcttggacaat  1500

 427  T  Q  Q  L  K  I  L  A  D  S  I  N  S  E  I  G  I  L  C  S  

1501  acccagcagcttaagattttggctgattccattaacagtgaaattggaatcctttgcagt  1560

 447  A  L  Q  K  I  K  TER  

1561  gccctccagaaaataaagtaaagccatggacagaatgtggtctgtcagctgtgaatctgt  1620

Structures, names and codes for the amino acids.
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