Transcription and Translation

1. Provide a description of a gene based on the central dogma.

2.
Describe the characteristics of the three major types of RNA and their functions in the cell.

3.
Proudfoot and Brownlee (Nature 263:211-214) compared the following nucleotide sequences from the 3’ ends of mRNAs from six different eukaryotic genes;



UGGUCUUUGAAUAAAGUCUGAGUGAGUGGCpoly (A)




UGGCUAAUAAAGGAAAUUUAUUUUCAUUGCpoly (A)




UGGUCUUUGAAUAAAGUCUGAGUGGGCGGCpoly (A)




UGCCUAAUAAAAAACAUUUAUUUUCAUUGCpoly (A)




AAUAUUCAAUAAAGUGAGUCUUUGCACUUGpoly (A)




CCUUUAAUCAUAAUAAAAACAUGUUUAAGCpoly (A)

a. Identify the consensus sequence that appears in all six of these mRNAs, and align the mRNAs by this consensus sequence.

b. How many nucleotides appear between the consensus sequence and the polyadenylation site in each of these mRNAs?

4.
Although the bacteria examined to date have only one RNA polymerase, eukaryotic organisms have three.

a. Which RNA polymerase synthesized each of the following types of RNA: mRNA, tRNA, and rRNA?

b. Which RNA polymerase is found in the nucleolus?  What is the main biosynthetic process that occurs in the nucleolus?

5.
The removal of introns from primary transcripts in eukaryotes is a carefully regulated process, often restoring reading frames that had been disrupted by the introns.

a. Are introns removed from the DNA molecule?

b. Are introns transcribed?  Translated?

6.
Molecules of rRNA constitute an essential component of ribosomes in both bacteria and eukaryotes.

a. What is the function of ribosomes?

b. Describe their general structure.

Answers to Transcription and Translation Questions

1.
a.
Based on the central dogma, genes are specialized segments of DNA that serve as templates for the construction of different types of RNA, such as rRNA, snRNA, tRNA, and mRNA.  Those genes that encode mRNAs carry the genetic message for construction of proteins.

2.

The three major types of RNA in the cell are: mRNA, tRNA, and rRNA.

The mRNA is a transcript of a gene that encodes a polypeptide for a protein.  It carries the info transcribed from the template strand of the gene for assembly of amino acids.

The tRNAs are a group of small RNAs used as amino acid carrier molecules during translation of mRNA.

The rRNAs are structural components of ribosomes.  Each ribosome is composed of several different rRNAs and proteins.

3.
a.
The consensus sequence is the AAUAAA sequence that signals cleavage and polyadenylation on the 3’ end of the mRNA (it’s not necessary to memorize any of the consensus sequences).  Below I have aligned the sequences by the AAUAAA sequence and have boxed that sequence in the mRNAs:
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b.
The distances between the AAUAAA consensus sequences and the polyadenylation sites vary between 13 and 19 nucleotides.

4.
a.
In eukaryotes, RNA polymerase I synthesizes all rRNA except the 5S rRNA.  RNA polymerase II synthesizes mRNA.  RNA polymerase III synthesizes tRNA, and the 5S rRNA (also snRNA).


b.
RNA polymerase I is found in the nucleolus, where it contributes most of the rRNAs necessary for ribosome synthesis.  Ribosome synthesis is the main biosynthetic process that occurs in the nucleolus.

5.
a.
No, introns are not removed from the DNA molecule.  Splicing occurs in primary transcripts (pre-mRNA molecules).

b.
Introns are transcribed, but are removed (by spicing, in the nucleus) before the RNA is exported from the nucleus and can be translated.  

6.
a.
Ribosomes serve as scaffolds for protein synthesis.  They are RNA-protein complexes that catalyze the formation of peptide bonds between amino acids.  Ribosome-based protein synthesis is mRNA dependent.  They also require charged tRNAs as the adapter molecules that align the amino acid to be added.


b.
Ribosomes consist of a small and a large subunit.  Each of these subunits has at least one RNA molecule and many small proteins.  When the two subunits have loaded onto the mRNA, the mRNA runs through a groove between them.

