Lecture 1/31/11 

Translation and the ribosome

I. Basic Information
A. Discovery of the ribosome by George Palades in 1950’s, subsequently won Nobel Prize for this work in 1974.  Necessary technical development was the electron microscope.
B. Ramakrishnan, Yonath, and Steitz most recently (2009) won Nobel Prize for the atomic level picture of the ribosome.
C. Ribosomes are present in all cells including mitochondria and chloroplasts

D. There are always two subunits, small and large

E. Ribosomal composition

1. The large subunit is composed of one RNA of about 2900 nucleotides and one of 120 nucleotides and more than 30 polypeptide chains.
2. The small subunit is composed of one RNA of about 1500 nucleotides and 20 polypeptide chains.

F. The proteins and RNA are not covalently linked; they are ribonucleoprotein assemblies.  The protein is largely structural in contribution, whilst the RNA provides the functional sites.
G. The associated subunits, with other components, synthesize proteins. These non-ribosomal; components include mRNA, tRNA attached to amino acids, initiation factors (proteins), elongation factors (proteins), and GTP.

H. The subunits provide specific binding sites for mRNA and tRNAs. The tRNA sites are called A, P, and E sites. These sites are highly conserved in primary structure.

I. There are three phases to protein synthesis:  initiation, elongation, termination.

J. Intrinsic to each subunit is a specific function. Decoding takes place on the small subunit; peptide bond formation takes place on the large subunit.

1. Decoding – conversion of codon information to its corresponding amino acid.

2. Involves selection of the appropriate aminoacyl-tRNA through base pairing of the codon on mRNA with the anticodon on the tRNA.

3. met-tRNA (bound in aminoacyl-tRNA site)/mRNA/30S subunit complex, facilitated by three initiation factors, recruits 50S subunit

4. met-tRNA in “P” site recruits a new tRNA/EF-Tu/GTP ternary complex to enter into “A” site, resulting in GTP hydrolysis and release of EF-Tu and docking of tRNA in A site.  Peptide bond is formed.

5. tRNA in P site releases amino acid and ratchets to “E” (exit) site, catalyzed by EF-G, which then gets released, and drags along tRNA from A site to P site, now allowing a new tRNA to enter A site.

6.Termination (requiring release factors) results in ester hydrolysis of last amino acid from tRNA

7. 1971 movie depicting translation mechanism, made at Stanford University.

8. Questions answered by recent structure by Ramakrishnan include:

a) Details of binding of mRNA and tRNA to ribosome

b) Kink in mRNA that demarcates boundary of A and P sites, thus preventing steric clash between two tRNAs

c) Details of molecular mechanism of peptide bond formation and ester hydrolysis (see slide) – involves ribozyme, not enzyme, function!  It’s an RNA world at the beginning.

d) How tRNAs and class-1 release factors manage to discriminate so precisely between their cognate and near-cognate codons (while difference in free energy of cognate vs. non-cognate binding is low, a two step discrimination procedure, before and after GTP hydrolysis, amplifies discrimination)
II. History of work on the ribosome, as presented by Ramakrishnan
A. Ramakrishnan was awarded the Heatley Medal in 2008, sponsored by the Biochemical Society, for his work and so some of the history was abstracted from this paper.  Additionally, the Nobel Prize committee put out an information piece on the work on the ribosome.
B. Ramakrishnan credits work from the Yonath lab for providing the first high resolution structure (3 Å) of the 50 S subunit, published in 1991.  Yonath was a co-awardee of the Nobel Prize.
C. Ramakrishnan doesn’t credit the Steitz lab directly for their contributions, even though Steitz was also a co-awardee.  Steitz has dominated the discourse in this field in ways that have created great tension in the community, and, as a consequence, is not well liked.  Many question how critical his contributions were to our current structural understanding of the ribosome.
D. Ramakrishnan reported on the high resolution (3 Å) structure of the 30 S subunit in 2000, much after that reported on the 50 S subunit.
E. Most recently, Ramakrishnan reported on the high resolution (2.8 Å) structure of the intact ribosome, in 2006 in Science.
III. Structural explanation for the “wobble hypothesis”
A. What is the “wobble hypothesis”? 

1. In the genetic code there are 43 = 64 possible codons. For translation each of these codons requires a tRNA molecule with a complementary anticodon. If each tRNA molecule paired with its complementary mRNA codon using canonical Watson-Crick base pairing, then 64 types of tRNA molecule would be required.

2. Since most organisms have fewer than 45 species of tRNA, some tRNA species must pair with more than one codon. In 1966 Francis Crick proposed the “wobble hypothesis” to account for this.

3. He postulated that the 5' base on the anticodon, which binds to the 3' base on the mRNA, was not as spatially confined as the other two bases, and could thus could allow non-standard base pairing.

B. Non-standard base-pairing results in different H-bonding configurations, with similar energies to canonical base-pairing, but results in creating spatially distinct patterns.  These might be allowed in 3rd position but not 1st or 2nd codon positions.

C. Structure of decoding region reveals that H-bonding networks in first two codon positions restrict what is allowed whereas, there is more room in 3rd position to tolerate non-standard base-pairing.

