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Amino Acid Activation and Aminoacyl-tRNA Formation 
· Once an amino acid is attached to the 3’ end of the tRNA, the tRNA is said to be activated. 
· Two high-energy bonds from ATP are used in the activation reaction. A portion of this energy now resides in the tRNA–amino acid complex and can be later used for peptide bond formation. 
· Amino acids are “charged” onto tRNA by enzymes called aminoacyl-tRNA synthetases, and are specific for each amino acid. 
· The aminoacyl-tRNA synthetases have self-checking functions. If the complex of amino acid and tRNA is too small, it will fit into a hydrolytic site on the enzyme where the bond between the amino acid and the tRNA will be broken. Once the aminoacyl-tRNA is released by the enzyme, however, there is no mechanism to detect an incorrectly paired amino acid–tRNA combination. 
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The Wobble Hypothesis 
· The wobble hypothesis states that the third position (3' end) of the codon on mRNA and the first position (5' end) of the anticodon on tRNA are bound less tightly than the other base pairs, and, therefore, allow unusual base pairings to occur. 
· Wobble allows a single tRNA to translate several different codons for the same amino acid. This accounts for much of the degeneracy of the genetic code and explains why a cell contains fewer than 61 different tRNAs. 
Save energy ( as tRNA are recycled)

Not as much tRNA is needed

No point mutation in 3rd letter- degeneracy





115265 >>> 0:09:29 

SLIDE 3 of 9 
Translation (Protein Synthesis) 
· Protein synthesis occurs by peptide bond formation between successive amino acids whose order is specified by a gene and thus by an mRNA. 
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· During translation, the amino acids are attached to the 3' ends of their respective tRNAs. 
· The aminoacyl–tRNAs are situated in the P and A sites of the ribosome. 
· The peptide bond forms between the carboxyl group of the amino acid (or growing peptide) in the P site and the amino group of the next amino acid in the A site. 
· Proteins are synthesized from the amino to the carboxyl terminus. 
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Steps of Translation 
· The process of protein synthesis occurs in three stages: initiation, elongation, and termination. 
· Special protein factors for initiation (IF), elongation (EF), and termination (release factors) as well as GTP are required for each of these stages. 





115280 >>> 0:17:22 

SLIDE 6 of 9 
Initiation 
· In prokaryotes, the 16S rRNA of the small subunit binds to the Shine-Dalgarno sequence in the 5' untranslated region of the mRNA. In eukaryotes, the small subunit binds to the 5' cap structure and slides down the message to the first AUG. 
· The charged initiator tRNA becomes bound to the AUG start codon on the message through base pairing with its anticodon. The initiator tRNA in prokaryotes carries fMet, whereas the initiator tRNA in eukaryotes carries Met. 
· The large subunit binds to the small subunit, forming the completed initiation complex. 
· The peptidyl site (P site) is the site on the ribosome where (f)met–tRNA initially binds. After formation of the first peptide bond, the P site is a binding site for the growing peptide chain. 
· The aminoacyl site (A site) binds each new incoming tRNA molecule carrying an activated amino acid. 
· Use GTP as energy for binding of large subunits of ribosome
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Elongation 
· A charged tRNA binds in the A site. The particular aminoacyl–tRNA is determined by the mRNA codon aligned with the A site. 
· Peptidyl transferase, an enzyme that is part of the large subunit, forms the peptide bond between the new amino acid and the carboxyl end of the growing polypeptide chain. The bond linking the growing peptide to the tRNA in the P site is broken, and the growing peptide attaches to the tRNA located in the A site. 
· In the translocation step, the ribosome moves exactly three nucleotides (one codon) along the message. This moves the growing peptidyl–tRNA into the P site and aligns the next codon to be translated with the empty A site. 
· EF for prokaryotes and eEF for eukaryotes (elongation factors)
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Termination 
· When any of the three stop (termination or nonsense) codons moves into the A site, peptidyl transferase (with the help of release factor) hydrolyzes the completed protein from the final tRNA in the P site. 
· The mRNA, ribosome, tRNA, and factors can all be reused for additional protein synthesis. 
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Translation 
· Each cycle uses four high-energy bonds (two from the ATP used in amino acid activation to charge the tRNA, and two from GTP). 
· In eukaryotic cells, elongation factor-2 (eEF-2) used in translocation is inactivated through ADP-ribosylation by Pseudomonas and Diphtheria toxins. 
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