Challenge Problem Set #2

1. A. 
DNA strand: 

   5’-GTAGCCTACCCATAGG-3’

Complementary strand: 3’-CATCGGATGGGTATCC-5’  which is the coding strand
mRNA strand:

   5’-GUAGCCUACCCAUAGG-3’

B.
       The polypeptides come in groups of three.  There are 5 groups of three and one extra nucleotide.  Thus, 5 peptides can be formed from this string, if the bases are all exons.  If there are some introns in this code, then less than 5 peptides can be made (depending on the amount of introns). If the whole mRNA was exons, then the peptide chain would be Val-Ala-Tyr-Pro, a stop codon and an extra guanine.
       Even if the other strand was used, the number of peptides would be the same 5, but the actual peptides will be different.  The other strand would result in a different mRNA sequence.  The new mRNA would be 5’-CCUAUGGGUAGGCUAC-3’.  However, this is taking for guaranteed that all of the coding segments are exons, not introns.  Once again, if introns exist in the other strand, then the number of peptides will be less, comparative to the number of introns present.  This is due to the fact that all peptides are coded from exons, not introns.  If the whole mRNA was exons, then the peptide chain would be Pro-Met(or start codon)-Gly-Arg-Leu and an extra cytosine.
C.
       In a ribosome, there are three sites: the A (Aminoacyl-tRNA binding) site, the P (Peptidyl-tRNA binding) site, and the E (exit) site.  The peptide made, if the coding began at the 5’ end, would be Val-Ala-Tyr-Pro.  While the tRNAVal is in the P site, the tRNAAla comes onto the A site.  Two GTPs are reduced to GDPs as the tRNAAla settles into the A site.  The polypeptide on the amino acid Val is attached to the amino acid Ala by forming a peptide bond.  Then a GTP is reduced into a GDP as the tRNAVal moves into the E site and the tRNAAla moves into the P site.  
      The next tRNA is tRNATyr.  Once again, two GTPs become GDPs as the tRNATyr enters the A site.  The polypeptide chain on the amino acid Ala bonds with the amino acid Tyr.  The bond formed is the peptide bond.  The bond between the Ala and its tRNA are broken.  The whole peptide chain is moved onto the tRNATyr.  The tRNAAla itself moves into the E site and the tRNATyr moves into the P site using a GTP to GDP reduction energy.  The tRNAAla leaves the ribosome, breaking its bonds to the mRNA and the ribosome. Then the process begins again for the next tRNA.  The tRNAs that have left the ribosome are usually reused by having new copy of their amino acid bonded to them in place of their old copy of their amino acid.
      When the tRNA returns to the cytoplasm, it binds to an Aminoacyl-tRNA synthetase.  An amino acid is joined to the synthetase with the expenditure of two phosphate groups that turn ATP into AMP.  Then a tRNA is added to the synthetase and the AMP is released.  Finally, an activated amino acid (the tRNA bonded to its amino acid) is released into the cytoplasm.
D.
     This DNA segment probably comes from the end of the coding segment.  The mRNA has a UAG, or a stop codon.  This codon codes for the end of the polypeptide chain and will signal for the disbandment of the ribosome (into large and small subunits) and the mRNA.  Since the mRNA is coded directly from the DNA, the codes are complimentary to each other.  Thus, the DNA segment comes from the end of the coding segment.

  
     It is unlikely that the segment comes from the beginning of the coding segment.  There aren’t any start codons, TATA box, or Transcription Initiation Complex.


     It could be from the middle, but the DNA segment does have a stop code.

2. A.
The purpose of the 35S-methionine is to mark the methionine.  The marked methionine helps the experimenter trace the proteins as the experiment is run.  This will help trace the different sizes of proteins.
B.
     The polyacrylamide gel electrophoresis is a method used to separate molecules, preferably DNA, RNA, and protein molecules, by the use of an electric current.  The gel holds the protein molecules.  The molecules will eventually separate in the gel.  The current passes through the gel to polarize its contents, as in the molecules.  

     The composition of the gel depends on the molecule being used.  When working with relatively small molecules such as DNA or RNA, the gel is made of many polyacrylamide chains.  Polyacrylamide is made up of acrylamide and cross-linkers (bonds that bind polymers together).  Acrylamide is used carefully because it is dangerous.  The gel can separate the molecules by their size and charge.
     The electrophoresis is the process in which the molecules move in the gel.  Their movement depends on their size.  The larger (as in mass) they are the slower they will progress.  Thus smaller proteins will progress farther from their initial point of origin.  If the molecule is positively charged, then it will move to the anode.  If it is negatively charged, then it will move to the cathode.

C.
     The rate of synthesis, on average, is not linear with time.  In the beginning, it seems as if the rate of synthesis is linear with time.  The points steadily increase at what seems like a steady rate.  At 116 kd, however, the points start to become a horizontal line, which has a slope of zero.  From this kd onwards, the rate is synthesis is no longer linear with time.
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Figure 1.  The graph of the speed of synthesis of a TMV mRNA per minute before 116 kd.  The best fit line is a line of the equation y = 5.9481x-2.439.  The line fits well since its R2 value is very close to one.
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Figure 2. The graph of the speed of synthesis of a TMV mRNA per minute for all data points.  The best fit line would be a logarthmic line as shown.  A linear line would fit the first set of points, but after kd is 116, the line flattens out.

D.
Taking all the data into consideration, the last data point given is approximately 30 kd (or 126,000 daltons) in 30 minutes.

126,000 daltons        1 amino acid                    
    30 minutes             110 daltons
38.1818181818181 ≈    38 amino acids / daltons








