DNA Replication and Protein Synthesis Replication
Part I: Replication, Transcription, Translation and Mutation

Background:


These exercises using felt to represent nucleotides and amino acids will help you to visualize the structure of the DNA molecule, as well as better understand the processes of replication, transcription and translation. It will also give you a demonstration of the effect of mutation in DNA, and how that affects the resulting mRNA and protein.

You will need felt nucleotides: red triangle, yellow fan blades, green diamond, blue square, and brown diagonal. 

You will need 5 different transfer RNAs

You will need felt amino acids:glutamine (yellow), leucine (blue), lysine (red), methionine (pink), valine (green). 

1) Assembling the DNA molecule: 


Take the appropriate nucleotides and place the base pairs vertically, starting from the top and moving down.


Your sequence (Watson strand)



T A C C T C G A G T T C 


The corresponding strand (Crick strand) 



A T G G A G C T C A A G 

What does the term base-pair mean? 

2) Replication: 


Separate the two “strands” vertically so that Watson is one the left and Crick is on the right. Starting with Watson, assemble a complete molecule by replication the corresponding strand. Repeat with Crick strand. You will have now done semiconsevative replication because in each new DNA molecule you have one old and one new strand.  


Are the two new molecules identical? How is base pairing important in the process of replication? How does replication prepare the cell for division? How does all this help you understand the appearance of chromatids during prophase of mitosis? Does this process explain how daughter cells of mitosis contain identical genetic information?

3) Transcription: 


This is the process of using DNA to direct the sequences of RNA


Take apart one of you DNA molecules. With the other DNA molecules, separate the two strands. The Watson strand will be the template for making mRNA, using the process of transcription. Using base pair riles, transcribe the mRNA, substituting brown diagonal to blue square. 

Separate the RNA strand from the DNA strand and move it aside, Reassemble you DNA strand and place it to the side ( we will be using it later).


What part of the cell does the process of transcription occur?

4) Translation:


This is the process using RNA molecules to assemble amino acids into protein.


Place your RNA molecules horizontally with the top nucleotide to your left. Using one transfer RNA at a time, try it with the different amino acids until you have found a match. (Remember each amino acid had its own specific transfer RNA). With the amino acid in place, move the transfer RNA to the mRNA strand. Try each one for a match with the first 3 nucleotides (a codon) at your left. When you have a match, push the tRNA in place. 


Repeat the process with the other tRNA amino acid complexes. The amino acids should also fit together as they form the protein chain. For simplicity sake we have left out the A and P sites of the ribosome, but try to visualize how they fit into the picture of assembling the proteins.

What part of the cell does the process of translation occur? What organelle is the site of protein synthesis? What is the order of amino acids from your mRNA? What are the specific roles of the messenger and transfer and ribosomal RNAs in protein synthesis?

5) Mutation: 


Mutations are changes in the DNA. They can be point mutations, or frameshifts, or insertion or deletions.


Make a point mutation: using the DNA molecules from step 3, remove the fifth base-pair, turn it over and reinsert it into the DNA. 


Now make a new mRNA from the Watson strand and then a new protein. 


What is the order of amino acids from your new mRNA? Are there differences between the two proteins? Is it possible for a point mutation to occur and not cause any amino acid changes? What effect would a frameshift mutation have on the genetic code “below” the shift? If you added 1 base? 2 bases? 3 bases? If the protein was a vital enzyme that was mutated, how might this affect the person who inherited the genetic error?


Write your answer to the various questions and turn them in. return all the nucleotides, transfer RNA and amino acids to their proper places. 

