Protein Synthesis Questions for Topic 3.5, 7.3 & 7.4
1. A certain protein in a eukaryotic cell consists of a single polypeptide chain.  Within this chain is found 381 amino acids.  Assuming that this protein remained unchanged after translation, how many nucleotides made up the edited mRNA molecule that coded for this protein?

2. What “sections” of DNA were a portion of the gene that coded for this protein, but, were not transcribed into the mRNA mentioned above?

3. Insulin is a relatively small protein that in its final form consists of two polypeptide chains.  The smaller of these two polypeptides consists of 21 amino acids and the larger consists of 30 amino acids.  This is how insulin forms:  In the beta cells within islets of Langerhans of the pancreas, insulin is originally produced as a single molecule composed of 110 amino acids. After this has passed through the endoplasmic reticulum, 24 amino acids are removed by enzyme action from one end of the chain, leaving another form (pro-insulin), which folds and bonds to give the molecule much of the final structure. This passes into vesicles budded off from the Golgi body. Here a middle section of 33 amino-acids is removed by the action of a second enzyme.  A third enzyme then removes two additional amino acids.  This creates the final structural form of insulin ready to be secreted into the bloodstream to be distributed to all body cells as needed for glucose regulation.   
Further information can be found at:     http://www.biotopics.co.uk/as/insulinproteinstructure.html
a. Explain why neither of the polypeptides comprising insulin begin with the amino acid, methionine.

b. How many genes code for insulin?

c. What cells in the human body contain the gene(s)

 for insulin production?

4. Alcohol dehydrogenase is an (enzyme) protein composed of two polypeptide chains.  The active enzyme must have two polypeptides, but those polypeptides exist in two slightly different forms that differ from each other only slightly.  People that are heterozygous produce both forms of polypeptides and others produce one form or the other.  Consider the case of an individual that is heterozygous for this gene. The two alleles differ by only one nucleotide, and only one amino acid is different between the two polypeptides they encode. The polypeptide specified by each allele can form a functional dimer with itself, or with the polypeptide specified by the other allele. 

a. How many different ‘types’ of proteins will be produced in the heterozygote? 

b. How much of each form will exist?

5. The transcription phase of protein synthesis can lead to the formation of three different kinds of molecules.   Name those three kinds of molecules and also briefly state the function of each.

6. Write out the mRNA sequence that would be transcribed from the following strand of DNA.  Then, using the codon chart provided, write the amino acid sequence that would result following translation (use the three letter abbreviations for the amino acids).   This DNA sequence does not show the promoter region or any introns.  Only the genetic code for the first six amino acids within the polypeptide are shown.

DNA (antisense strand):  T  A  C  A  A  G  T  A  C  T  T  G  T  T  T  C  T  T 

mRNA :

Amino acid sequence   :

Mutations are changes that occur to the genetic code typically during the process of DNA replication.  Mutations are rare, but when they do occur and they occur within cells of the gonads (testis or ovaries), the resulting gametes (sperm or eggs) can contain the mutation(s) and create a new generation of ‘mutants’.   To some degree, all living organisms on Earth are a collection of successful & beneficial past mutations.  

7. What sections of DNA can contain one or more mutations without implications for altering the organism’s biochemistry?

8. Mutations that occur in all other body cells other than the gonads are called somatic mutations.  Can somatic mutations be consequential in any way to the organism that has experienced the mutation?

Access the following webpage and read about some of the common types of DNA mutations: http://evolution.berkeley.edu/evolibrary/article/0_0_0/mutations_03
9. Suppose a pair of DNA mutations occurred that resulted in both of the guanine nucleotides shown in the DNA molecule given in question # 6 to be changed to cytosine nucleotides.

a. What category of DNA mutation would this be?

b. What is the new amino acid sequence of the resulting polypeptide?

10. Now, suppose a mutation occurred that resulted in the removal of the two guanine nucleotides from the original DNA (from #6).  

a. What category or categories of DNA mutation would this be?

b. What is the new amino acid sequence of the resulting polypeptide?

11. DNA mutations called substitutions result when one nucleotide is replaced in a DNA sequence by another nucleotide.  

a. Study the codon chart and explain why some DNA substitution mutations do not result in a change in the resulting polypeptide.

b. Each codon is composed of a triplet.  Which of the three bases within a triplet can most often undergo a substitution without changing the amino acid sequence within a polypeptide?

12. Using the first triplets only (the triplets shown in red) on the given codon chart below, determine the DNA code (antisense strand) that resulted in the production of the following small polypeptide.  {You will not be able to give the promoter region or the introns of the gene / this is the entire polypeptide as shown.}
Polypeptide A.A. sequence:

1. methionine


12.isoleucine


23.proline

2. threonine


13.glycine


24.glycine

3. arginine



14.serine


25.cysteine

4. tryptophan


15.leucine


26.threonine

5. alanine



16.methionine


27.valine

6. proline



17.serine


28.leucine

7. valine



18.proline


29.tryptophan 

8. histidine


19.aspartic acid


30.serine

9. serine



20.glutamine


31.arginine

10. phenylalanine


21.tyrosine


32.alanine

11. tyrosine



22.leucine


33.valine  
AMINO ACID
ABBREVIATIONS
TRIPLET CODONS
ALANINE

Ala  or  A
GCU  GCC  GCA  GCG

ARGININE

Arg  or  R
CGU  CGC  CGA  CGG  AGA  AGG

ASPARAGINE

Asn  or  N
AAU  AAC

ASPARTIC ACID
Asp  or  D
GAU  GAC

CYSTEINE

Cys  or  C
UGU  UGC

GLUTAMIC ACID
Glu  or  E
GAA  GAG

GLUTAMINE

Gln  or  Q
CAA  CAG

GLYCINE

Gly  or  G
GGU  GGC  GGA  GGG

HISTIDINE

His  or  H
CAU
CAC

ISOLEUCINE

Ile  or  I

AUU  AUC  AUA

LEUCINE

Leu  or L
UUA  UUG  CUU  CUC  CUA  CUG

LYSINE


Lys  or  K
AAA  AAG

METHIONINE

Met  or  M
AUG
PHENYLALANINE
Phe  or  F
UUU   UUC

PROLINE

Pro  or  P
CCC   CCA  CCU  CCG

SERINE


Ser  or  S
UCU  UCC  UCA  UCG  AGU  AGC

THREONINE

Thr  or  T
ACU  ACC  ACG  ACA

TRYPTOPHAN

Trp  or  W
UGG
TYROSINE

Tyr  or  Y
UAU  UAC

VALINE

Val  or  V
GUU  GUC  GUA  GUG

Stops / Terminators


UAA   UAG  UGA
Note:  Logic behind the single letter abbreviations can be found at: http://www.biology.arizona.edu/biochemistry/problem_sets/aa/Dayhoff.html

