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Protein Synthesis: 
       DNA ( mRNA ( Protein

(Transcription) ( (Translation)


Protein production is a constant task for cells but each cell only has one set of DNA ‘recipe books’.  To keep the original DNA from getting damaged, an RNA copy is made of just the one gene recipe to make the needed protein. The DNA original will remain safe in the nucleus and the recipe message RNA (mRNA) will leave the nucleus to find the translating ribosome.  The ribosome is two folded segments of RNA that wrap around and read the mRNA code three nucleotides at a time.  Each triplet of nucleotide code, a codon, will be translated into a single amino acid.  The individual amino acids bond into a protein polymer chain, which will fold into the correct functional shape.  The process of re-writing the code from DNA to mRNA is transcription and the converting of mRNA into the protein it codes for is translation- the two phases together are protein synthesis.  
Procedure 1: Create your DNA mini-gene segment by adding START and STOP codons.
1. Build a DNA gene 9 base pair steps long.

2. Add the codon triplet for ‘start’ (TAC) on the top right of your gene recipe and one of the three possible ‘stop’ codons to the bottom right (ATT, ATC or ACT)
Procedure 2: Transcribe (copy) the DNA into messenger RNA (mRNA).
1. Use RNA Polymerase Enzyme “Unzip” your DNA 
2. Use the same RNA Polymerase to copy the only one side of DNA-the side that includes the stop & start codons.  This copy is RNA so use Uracil nucleotides (U) instead of Thymine (T) which is only in DNA.
3. Remove the completed mRNA copy and “zip up” your DNA.
4. Take mRNA copy to a ribosome to be translated, leave the DNA in the nucleus of the cell
Procedure 3: Translation – convert mRNA coded message into protein product
1. Move the first codon (3 nucleotides) of mRNA into the ribosome.  Use your code sheet to determine what amino acid this codes for.  Create a transfer RNA (tRNA) that has the correct amino acid and matching anticodon.
2. Repeat for the second codon of the mRNA copy (make a tRNA with matching anticodon and carrying the correct amino acid).  Once both tRNA’s are linked to mRNA, bond the two amino acids (glue stick) and release the first tRNA (cut it off).
3. Slide the mRNA so the next codon enters the ribosome and match with a complementary tRNA carrying the correct amino acid.

4. When the stop code is reached, a release protein will stop protein production.  The ribosome opens up to release the mRNA and tRNA’s that can be reused.  The released protein folds into its functional shape.  
Protein Synthesis Follow Up Questions

1. A script is a copy of the directions to a play (or movie).  The job of an Egyptian scribe was to copy the laws of the pharaoh for the people.  What happened during transcription?  Why is this a good name? 

2. During transcription an mRNA or messenger RNA is made.  What is the ‘message’ for?  What is the section of DNA that held this original message?

3. When building protein, the original DNA is NOT used but instead the mRNA copy is used instead.  What are some reasons to use a copy instead of the original (Hint: If you were an engineer why might you want to take a copy of the blue prints to the construction site and not the original copy?)
4. The following is the coded side of a DNA double helix.  What would the mRNA strand be? (Remember there are no T’s in mRNA but instead there are U’s…A-U and G-C)

TAC | TTT | CTA | GCG | AAC | AGA | TGA | ATC

5. Use the mRNA code wheel to translate the mRNA in the question above into the amino acids it codes for. 
6. Deaf people ‘speak’ using sign language.  If you hired a translator so you could ‘speak’ to a deaf person what would the translator be doing?  
7. The Translation phase of protein synthesis takes place in the ribosome.  What are the ‘languages’ that the ribosome is translating from and into?  
8. Transfer RNA (tRNA) has the job of transferring what to the ribosome?  These will link into what final product?  

9. What is a piece of mRNA code called?  How many nucleotides make up one piece of code?  Use the code wheel to count, how many different codes are there?

10. Notice that some of these pieces of code make the same amino acids.  What would happen to the amino acids (and protein) if a codon that reads AAA were changed to AAG?  What if that same AAA were to be changed to GAA?  Do all mutations to the DNA cause problems for the protein?
