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RNA Polymerases 
· There is a single prokaryotic RNA polymerase that synthesizes all types of RNA in the cell. 
· Rifampin inhibits prokaryotic RNA polymerase (antituberculosis drug)- hepatotoxic, orange color of body fluids. 
· There are three eukaryotic RNA polymerases 
· RNA polymerase I is located in the nucleolus and synthesizes 28S, 18S, and 5.8S rRNAs. 
· RNA polymerase II is located in the nucleoplasm and synthesizes hnRNA/mRNA and some snRNA(splicing exons). 
· RNA polymerase III is located in the nucleoplasm and synthesizes tRNA, some snRNA, and 5S rRNA. 
· Actinomycin D inhibits all RNA polymerases. In addition, RNA polymerase II is inhibited by -amanitin, a toxin from certain mushrooms. 
Table I-3-1 RNA polymerases 
PROKARYOTIC 

EUKARYOTIC 

Single RNA polymerase(2') 

RNAP 1: rRNA (nucleolus), except 5S, rRNA
RNAP 2: hnRNA/mRNA and some snRNA.
RNAP 3: tRNA, 5S rRNA. 

Requires sigma () to initiate at a promoter. 

No sigma, but transcription factors (TFIID) bind before RNA polymerase. 

Sometimes requires rho () to terminate.

No rho required

Inhibited by rifampin
actinomycin D.

RNAP 2 inhibited
-amanitin (mushrooms)
actinomycin D
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Production of Prokaryotic Messenger RNA 
· With help from the sigma factor, RNA polymerase recognizes and binds to the promoter region . The bacterial promoter contains two “consensus” sequences (sequences of DNA), called the –35 sequence and the TATA box (at –10)- Pribnow box.( use sigma factor to initiate transcription)
· Transcription begins at the +1 base pair. 
· Transcription terminates once RNA polymerase reads the termination signal. 
· A prokaryotic transcription unit has an untranslated region (UTR) in its 5’ end. The UTR are transcribed, but are not translated. The initiation codon (ATG) follows shortly downstream after the UTR. 
· Translation ends with a stop codon in the 3’ end. A 3’ UTR follows, containing a GC-rich region (Stem and loop) and a T-rich region. 
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Production of Prokaryotic Messenger RNA 
· Ribosomes bind to a sequence called the Shine-Dalgarno sequence, in the 5' untranslated region (UTR) of the message. Protein synthesis begins at the initiation codon AUG at the beginning of the coding region and end at a stop codon (eg. UAG, UGA, UAA). 
· There are two kinds of transcription terminators commonly found in prokaryotic genes: 
1. Rho-independent termination occurs when the newly formed RNA folds back on itself to form a GC-rich stem-and-loop closely followed by 6–8 U residues. 

2. Rho-dependent termination requires participation of rho factor which displaces RNA polymerase from the 3' end of the RNA.

A single gene was expressed to a single proteins- monocistronic; gene is called a cistrone
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Prokaryotic Transcription 
· Some bacterial operons produce polycistronic messages (several genes are controlled by 1 promoter). 
· In these cases, related genes grouped together in the DNA are transcribed as one unit. 
· The mRNA in this case contains information from several genes and codes for several different proteins. 
UAA- you are alienated

UAG – you are gone

UGA- you go away
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Production of Eukaryotic Messenger RNA 
· The basal promoter region of eukaryotic genes usually has two consensus sequences called the TATA box (at –25) and the CAAT box (at –70). 
· In eukaryotes, most genes are composed of coding segments (exons) interrupted by noncoding segments (introns), and are sandwiched between a 5’ UTR and a 3’ UTR(poly A). 
· Transcription terminates with a stop codon. 
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Processing of Eukaryotic Messenger RNA 
· The primary transcript must undergo extensive posttranscriptional processing inside the nucleus to form the mature mRNA molecule 
· A 7-methylguanosine cap is added to the 5' end while the RNA molecule is still being synthesized. The cap structure serves as a ribosome-binding site and also helps to protect the mRNA chain from degradation. 
· A poly-A tail is attached to the 3' end. An endonuclease cuts the molecule on the 3' side of the sequence AAUAAA (poly-A addition signal), then poly-A polymerase adds the poly-A tail (about 200-300 As) to the new 3' end. The poly-A tail protects the message against rapid degradation and aids in its transport to the cytoplasm. (Chunk of 3’ UTR- removed by PolyA-polymerase and put poly A tail on 3’ end)
· Introns are removed from hnRNA by splicing, accomplished by spliceosomes (also known as an snRNP, or snurp), which are complexes of snRNA and protein. The hnRNA molecule is cut at splice sites at the 5’ (donor)-GT bases and 3’(acceptor)-AG bases ends of the intron. The intron is excised in the form of a lariat (lasso loop) structure and degraded. 
· The mature mRNA molecule is transported to the cytoplasm, where it is translated to form a protein. 
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Table I-3-2. Summary of Important Points About Transcription and RNA Processing 
Prokaryotic

Eukaryotic

Gene regions

May be polycistronic 
Genes are continuous coding regions 
Very little spacer (noncoding) DNA between genes

Always monocistronic 
Genes have exons and introns 
Large spacer (noncoding) DNA between genes

RNA polymerase

Core enzyme: 2'

RNA polymerase I: rRNA 
RNA polymerase II: mRNA; snRNA 
RNA polymerase III: tRNA, 5S RNA

Initiation of transcription

Promoter (-10) TATAAT and (-35) sequence 
Sigma initiation subunit(s) required to recognize promoter

Promoter (-25) TATA and (-70) CAAT 
Transcription factors (TFIID) bind promoter-TF2D
mRNA synthesis

Template read 3' to 5'; mRNA synthesized 5' to 3'; Gene sequence specified from coding strand 5' to 3'; Transcription begins at +1 base

Termination of transcription

Stem and loop + UUUUU 
Stem and loop + rho factor

Not well characterized

Relationship of RNA transcript to DNA

RNA is antiparallel and complementary to DNA template strand; RNA is identical (except U substitutes for T) to DNA coding strand.

Posttranscriptional processing

None

In nucleus: 
5' cap (7-MeG) 
3' tail (poly-A sequence) 
Removal of introns from hnRNA 
Alternative splicing yields variants of protein product

Ribosomes

70S (30S and 50S) 
rRNA and protein

80S (40S and 60S) 
rRNA and protein

tRNA

Cloverleaf secondary structure 

· Acceptor arm (CCA) carries amino acid 

· Anticodon arm; anticodon complementary and antiparallel to codon in mRNA
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Relationship Between Eukaryotic Messenger RNA and Genomic DNA 
· Introns in DNA can be visualized in an electron micrograph of DNA–mRNA hybrids. 
· When mRNA hybridizes (base pairs) to the template strand of DNA, the introns appear as unhybridized loops in the DNA. 
· The poly-A tail on the mRNA is also unhybridized, because it results from a posttranscriptional modification and is not encoded in the DNA. 
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Alternative Splicing of Eukaryotic mRNA 
· For some genes, the primary transcript is spliced differently in different cell types to produce two or more variants of a protein from the same gene. 
· Examples of alternative splicing include variants of the muscle proteins tropomyosin and troponin T, as well as the various subtypes of dopamine receptors (5 sybtypes in CNS). 
· The synthesis of membrane-bound immunoglobulins by unstimulated B lymphocytes, as opposed to secreted immunoglobulins by antigen-stimulated B lymphocytes, also involves alternative splicing. 
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Production of Ribosomal RNA 
· The large and small prokaryotic ribosomal subunits are 50S and 30S, respectively. The complete prokaryotic ribosome is a 70S particle. The 16S rRNA, which is part of the 30S subunit, recognizes the Shine-Dalgarno sequence (in 5’UTR, necessary to bind to ribosome). 
· Eukaryotic ribosomal subunits are 60S and 40S. They join during protein synthesis to form the whole 80S ribosome. 
· Eukaryotic ribosomal RNA is transcribed in the nucleolus by RNA polymerase I (45S=5.8+28+18S), except for the 5S subunit, which is transcribed by RNA polymerase III. 
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Production of Transfer RNA 
· The anticodon arm contains a trinucleotide sequence called the anticodon. The anticodon recognizes a specific codon (for the amino acid it carries) in mRNA. 
· The acceptor arm, the 3’ of which is attached to a CCA sequence, is covalently attached to the appropriate amino acid. 
· In this example, the codon AUC in mRNA specifies the amino acid isoleucine (ile). The tRNAile shown has the anticodon GAU, allowing it to recognize the AUC codon. During the process of amino acid activation, isoleucine will be attached to the 3' nucleotide (usually a 3'A) in the acceptor arm of this tRNAile to activate it for translation. 







In a eukaryotic gene, one of the introns is mutated at the 3' end as shown:

Normal: 5'...TTTCCCACCCTTAG 3'
Mutant: 5'...TTTCCCACCCTTCG 3'

Which of the following processes is this mutation most likely to affect?

(A) Capping 
(B) Hybridization
(C) Polyadenylation
(D) Splicing
(E) Transcription

Explanations

Explanations:
The correct answer is D. The 3’ end of a eukaryotic intron contains a splice acceptor site, with an invariant AG just before the end of the intron. This sequence is highly conserved, as it is essential for correctly recognizing and splicing out the intervening sequences, or introns, from the nascent RNA transcript prior to transport out of the nucleus. At the 5’ end of the intron is an equally important GT (GU in RNA) sequence that is also necessary for splicing (splice donor site).

Capping (choice A) occurs almost immediately after synthesis of the first 30 nucleotides or so. The triphosphate of GTP condenses with the available 5’ diphosphate on the growing RNA chain to form a cap recognized during protein synthesis that also protects the RNA from degradation.

Hybridization(choice B) is the process by which two molecules of nucleic acid anneal to each other based on nucleotide base-pairing. Alteration of one nucleotide in the intervening sequence shown will produce only very minor effects on hybridization.

In the polyadenylation process (choice C), an AAUAAA sequence near the 3’ end of the RNA transcript is recognized, the RNA is cleaved by an endonuclease, then a poly-A polymerase adds 100 to 200 adenylate residues to the RNA. Failure to recognize this sequence would result in failure of polyadenylation.

Transcription (choice E), the process by which DNA is read to yield RNA via the actions of RNA polymerase, should not be affected by the mutation.

