Chapter 7

From DNA to a Protein: How Cells Read the Genome

Two overriding processes: 


1. Transcription (to write again) DNA-( to RNA (note: no change in language, all nucleic acids.) Fig. 7.1
2. Translation: RNA-( protein  (change in language from nucleic acids to amino acids.) 

From DNA to RNA

	RNA is different from DNA in three (at least significant ways). 

1. Ribose verses deoxyribose  

2. Uracil verses thymine   

3. Single stranded verses double stranded DNA (most significant.) Fig. 7.3
RNA synthesis involves RNA polymerase:  Different from DNA polymerase in that:

1. RNA is peeled off as a single stranded

2. Usually a short product (100-2500 nucleotides)  

3. Multiple transcripts can be created with many RNA polymerases prepared concurrently one after another.  

4. No priming  

5. No proofreading. 

4 types of RNA
1. mRNA: Codes for protein synthesis (cassette tape) 

2. rRNA: ribosomal component (tape player) 

3. tRNA brings in AA to mRNA (speaker system) 

4. small RNA Misc. functions. 
	


Start of transcription (in procaryotes) 
	Promoter sequence on DNA is recognized (by sigma factor) and RNA polymerase comes in and starts transcription.  Continues along and included all gene information (vs. eukaryotic systems) then terminates. Fig. 7.8, 7.9
Interesting to note:  Either strand of DNA may be used, but only one side. 


	


Eukaryotic RNA processing is more exotic. 
	mRNA is capped with a (methyl)GTP and poly A tail. Tags for export and ensures complete transcript is made. Fig. 7.12
Eukaryotic genes have non-coding sequences: 

Introns  (non coding and kept IN nucleus)  Exon coding and Exit nucleus.) 

Introns are excised by Small Nuclear Ribonucleoprotein particles (snRNP’s) 

This is an example of small RNA:    Avoid detail but realize lariats are looped out and degraded. Fig. 7.17
Why?  Exons can recombine and form novel proteins (are source of domains.) 

Extra DNA also means that mutations can occur with out immediate repercussion (also helped by diploid condition.)


	


Assigned thought question: Why do prokaryotic cells lack introns and eukaryotic cells have them?  Cite three lines of evidence that support your assertions. 
From RNA to a Protein

	43 required for 20 amino acids, so three Nucleic acids are required in a codon. 

In addition to codon, must consider redundancy (wobble) and reading frame: 

TH ERE DDO GSA TUP  VS. THE RED DOG SAT UP…

Codon key on pg. 244, do not memorize except where noted (start/stop) 

tRNA: Match amino acid to specific codon. 

Structure: Clover leaf (from single stranded bonding) with amino acid binding site and anticodon. Fig. 7.23
tRNA’s are activated prior to working (required an ATP per tRNA.) 

Ribosomes: Coordinate process of protein synthesis: Fig. 7.29
Structure:  Massive structure of 80+ proteins and 4 rRNA strands (4.2 million MW) 

2 units: larger unit catalyzes additions of AA, and small sub-unit coordinates tRNA binding.
	


The translation complex: 
	Ribosome 4 binding sites: A, P and E site (try to figure out why this letter is given) and mRNA groove. 

2 additional players: tRNA and peptide chain. 
	


Initiation Process:
	a. AUG codon is unique in that it both starts process and codes for methionine. Fig. 7.32
Met and small sub-units grab GTP cap and slide along until AUG is reached (in P site.) 

b. Once AUG is found, large sub-unit binds and translation complex is in place. 

Note: Define polycistronic, and polyribosomes

Translation in 5’--( 3’ direction

a. A Site coordinates linking of tRNA’s anticodon with mRNA codon

b. P site ribosome moves and now A site is free and tRNA transfers Peptide to tRNA in P site. 

c. E site is entered and tRNA disassociates

d. continues with A(P(E and peptide grows. 

Termination

1. UAG codon promotes binding of releasing factor (RF) at A site

2. RF enters P site and catalyzes addition of water to tRNA and product (peptide) is released with COOH terminal now free. 


	


Final Thoughts:
	Amino acids are expensive to make, so are recycled. Proteins are only kept around as long as needed and AA’s are returned to cytosol via proteosomes: 

Tagged with ubiquitin and proteosomes are like garbage disposal (6 alpha helix with core with proteolyitic active sites and ends with ubiquitin ligands (for grabbing and importation.) 

Many more levels of DNA to Protein than alluded to here. 

Note Bene:

RNA as the first molecule of life;  DNA---RNA---protein is fairly complex, so how did it start this way? Fig. 7.37

RNA can do it all. Code for life, direct protein synthesis, act as enzyme etc…

Otherwise do not read this in the text (unless you are interested in this very compelling subject./ pg 258 forward.) 

Practice Question:  What would the protein  look like if the DNA has the following code? 

3’TCATGGTAC(TTTTCCCCT)15
(CCTCAT)25(TTTTCCCCT)​15 TAACGAATC5'’

FOR CLARITY, DRAW MRNA AND DIVIDE INTO CODONS…, THEN DRAW PROTEIN
	


