Gene expression 
· The process by which DNA directs protein synthesis 

Central dogma of molecular biology 
· A framework for understanding the transfer of sequence information between biopolymers (DNA, RNA, and protein) 
· DNA contains genes which are the blueprints for ribonucleic acid (RNA) 
· RNA in turn contains the information needed to make proteins 
· Proteins carry out many functions of a living cell 

Transcription is: 
· DNA directed RNA synthesis 
Translation is 
· RNA directed protein synthesis 

Transcription 
·  Very similar to DNA synthesis 
· Differences: 
· RNA polymerase carries out synthesis of the RNA 
· The RNA transcript does not remained base paired to the template DNA 
· Less accurate 
· The coding strand of a gene (5’-3’) is also referred to as the non-template strand 
· Its sequence will be identical to that of the gene’s RNA transcript, with T’s replaced by U’s 
· The noncoding strand of a gene (3’-5’) is the template strand for RNA synthesis 
· The RNA transcript is complementary to this strand
· Genes can be found on either strand of DNA but RNA synthesis always occurs 5’ to 3’

 Transcription- general steps 
· Initiation 
· RNA polymerase binds to the promoter region and opens the double helix to begin transcription 
· Elongation 
· RNA polymerase adds complementary nucleotides (A, U, C, G) to the 3’ end of the growing RNA transcript 
· Termination 
· RNA polymerase and the RNA transcript dissociate from the DNA double helix 

Prokaryotes vs eukaryotes 
· In prokaryotes, translation of mRNA can begin before transcription has finished 
· In eukaryotic cells, the nuclear envelope separates transcription from translation 
· Eukaryotic RNA transcripts are modified through RNA processing to yield the finished mRNA

Initiation of transcription 
· A promoter contains regulatory sequences necessary for transcription initiation 
· You should know and be able to use the following terms appropriately: 
· Transcription start site: location where transcription begins, denoted by +1 
· Upstream: before the transcription start site, bases are given negative values 
· Downstream: after the transcription start site, bases are given positive values 
· Prokaryotes: 
· The DNA sequence found upstream of the transcription start site that binds the transcriptional machinery
· There are 2 conserved elements found in prokaryotic promoters: 
· -35 region 
· -10 region 

Prokaryotic RNA polymerase 
· RNA polymerase is made up of multiple subunits 
· The sigma subunit recognizes the -35 and -10 regions of the promoter of prokaryotic genes. This allows the remaining subunits to associate with it and be properly positioned to begin transcription at the +1 start site
· The sigma subunit dissociates from the polymerase after transcription has been initiated 

Elongation reaction 
· RNA polymerase catalyzes the formation of phosphodiester bond, adding NTPs onto the 3’ end of a growing RNA molecule 
· Unlike DNA synthesis, this process can begin without a primer 

Prokaryotic elongation 
· During elongation, the prokaryotic RNA polymerase tracks along the DNA template strand (3’-5’), synthesizing RNA in the 5’-3’ direction 
· RNA polymerase unwinds and rewinds the DNA double helix as it progresses at a rate of -40-50nt/sec 

Prokaryotic termination 
· Prokaryotic genes have specific terminator sequences 
· There are two types of terminator signals: 
· Rho-dependent (controlled by the rho protein)
· Rho-independent (controlled by sequences in the DNA strand) 
· Ultimately transcription of either one leads in the RNA polymerase to disassociate from the DNA and release the mRNA transcript 

Transcription and Translation are paired in prokaryotes 
· Multiple RNA polymerases can transcribe a single bacterial gene while numerous ribosomes concurrently translate the mRNA transcripts into polypeptides 
· In this way, a specific protein can rapidly reach a high concentration in the bacterial cell 

Initiation of transcription- eukaryotes 
· Eukaryotic promoters have a conserved element known as a TATA box 
· The TATA box allows for the association of several general transcription factors which ultimately recruit and properly position RNA pol II 
· The complete assembly of transcription factors and RNA polymerase II bound to a promoter is called a transcription initiation complex 

Eukaryotic elongation 
· RNA polymerase II synthesized mRNA in the 5’ to 3’ direction 
· The elongation process is the same as was seen for prokaryotes 
· Chromatin packaging presents a significant challenge with respect to the movement of RNA polymerase 
· The FACT (facilitates chromatin transcription) complex facilitates the disassembly and reassembly of nucleosomes 

Eukaryotic termination 
· At the end of each protein coding gene is a polyadenylation signal sequence 
· The RNA transcript is released 10-30 nucleotides past this polyadenylation signal sequence via enzymatic cleavage 
· The RNA polymerase may continue on transcribing hundreds or even thousands more base pairs before it dissociates from the DNA template 

