AP Biology

Protein Synthesis – Part 2
(Associated Learning Objectives: 1.14, 1.15, 1.16, 2.22, 2.31, 2.33, 2.36, 2.37, 3.4, 3.6, 3.18, 3.24, 3.25, 4.1, 4.2, 4.3, 4.4)
Important concepts from previous units:

1) Amino Acids are the building block macromolecules of proteins.

2) Amino acids are linked together by covalent peptide bonds in a dehydration reaction.

3) Proteins have to be folded in order to work; this involves hydrogen bonds (2’) and disulfide bridges (3’).
I. Translation - This is the part of actually making the protein.
A. This process occurs at the Ribosome “the Translator”.
B. The process turns the mRNA into a primary (1’) sequence of amino acids for making of the protein.
C. This process needs the assistance of tRNA (transfer RNA) to transfer free amino acids from the cytoplasm to the construction site of the Ribosome. 
1. Free amino acids are provided by the digestive system, by catabolism (breakdown) of proteins in food, and then delivered to the cells by the blood vessels. Inside the cells, they are used for anabolism (building) of proteins or undergo deamination (removal of the amine functional group) for ATP production in cellular respiration.
D. There are 45 different tRNA molecules for 61 possible codon combinations.
1. Inosine (acts as a “wild card”) makes it possible for a cell to conserve materials and energy.
2. The use of Inosine creates the “Wobble effect” - It does not fit perfectly, but gets the job done.
3. Inosine is found in the third slot of the anticodon only. 
a. Remember, that the ANTICODON is found on the tRNA molecule, NOT the mRNA.

4. The Anticodon “matches” the codon on the mRNA molecule ensuring the correct amino acid is brought to the construction site of the Ribosome. If they DO NOT match … it is the wrong Amino Acid!

5. The amino acid is connected to the 3’ end of the tRNA molecule. 
a. Remember, the tRNA molecule is a nucleotide sequence; so there is a phosphate on the 5’ end and an open bond on the 3’ end… so this is where the amino acid gets attached so that it can be transported to the ribosome (construction site).
6. This connection between the tRNA molecule and the amino acid is constructed using the Aminoacyl – tRNA synthetase enzyme. (Can you see the definition in the name?)
E. Ribosome Structure (This cellular particle has 2 parts.)
1. The Small sub-unit - This part acts as a platform for work; much like your desk.
2. The Large sub-unit - This part is the factory for making the protein.
a. The A site - This is where the next tRNA molecule is ADDED in the “factory”.
b. The P site - This is the part of the “factory” where the PROTEIN is attached.
c. The E site - This is where the “used tRNA molecule” EXITS the “factory” to be reused.
3. The ribosome “walks” down the mRNA one codon at a time until it gets to the stop codon at the end of the mRNA molecule. Thus having completed the “message” on how to make that particular protein. This “walking” is called Translocation. (Can you see function in the name?)
4. Remember, these are NOT organelles. All cells possess these structures.
F. The process of translation has three phases:                 (They are the same 3 as Transcription.)
1. Initiation - This is building the factory needed to make the protein.
a. The small sub-unit attaches to the 5’ cap. This interaction signals the large sub unit.
b. AUG (the start codon on the mRNA molecule) brings in the tRNA (using the anticodon) molecule with Methionine attached. This starts production of our protein.
c. Then the large sub-unit is brought in using initiation factors (these are enzymes) and uses GTP for energy in the process. (Remember, GTP is “like” ATP…both are energy molecules.)
d. The large sub-unit is aligned so that Methionine is in the P site. The A site is open for the addition of the next tRNA molecule.
2. Elongation - This is the actual making of the 1’ sequence of amino acids.
a. The ribosome translocates (“walks”) down the mRNA one codon at a time using GTP. 

b. This adds a single amino acid, using tRNA, to the open A site using GTP each time.
c. Another GTP is used to make peptide bond between the amino acids of the P and A sites.
d. The rate of addition is controlled by elongation factors (enzymes).
3. Termination
a. This occurs when a termination codon reaches the A site.
b. A Release factor (enzyme) enters the A site causing a hydrolysis reaction to occur that releases the protein from the last tRNA molecule (which is sitting in the P site).
c. After the hydrolysis reaction occurs, the ribosome detaches and the sub units separate to be reused.
4. The mRNA may be reused to make more of that particular protein or it may be broken down and the nucleotides recycled, as it is temporary RNA.
a. Polyribosomes (many ribosomes)can also occur on a strand of mRNA.
b. This allows for a cell to make many copies of the same protein very quickly. (Such as might be needed during repair or making antibodies.)

II. POST (means “after”) Translation Modification (This is the protein folding that must occur for the protein to be functional.)

A. If the 1’ sequence enters a Chaperonin, the protein will stay inside the cell.
1. Entry is “guarded” by a Signal Recognition Particle (SRP) inside the bottom piece.

B. If the 1’ sequence enters the RER, the protein will be exported out of the cell. 
1. Signal Peptide on the 1’ sequence. (This acts as a siren. It is “like” yelling “Take me to the RER!”)
2. Signal Recognition Particle (SRP) - This particle acts as a guide leading the 1’ sequence to the RER. It attaches to the Signal.
III. Proteomics (Study of Proteins)
A. The study of genes and the corresponding polypeptide made by that gene segment of DNA. (Remember the one gene one polypeptide hypothesis.)
