Key Concepts for Exam 4 (Transcription and Translation)
THE CENTRAL DOGMA

Defining gene function


Refining definition of gene



1909: “the fundamental unit of heredity”



1953:-present: “segment of DNA transcribed into RNA”


Central dogma: DNA ( RNA ( protein



Transcription: DNA information template for RNA synthesis




Many genes encode proteins




Some genes encode other types of RNA (eg., transfer RNA)


Translation: Information in mRNAs translated into amino acid sequences of 

proteins

TRANSCRIPTION AND RNA

RNA (see “RNA Structure and Classes” under Handouts/Study Aids)


Structure: Polymer consisting of nucleotides joined together by phosphodiester 
bonds (like DNA)

Major classes of RNA: mRNA, tRNA, rRNA; plus several other types (eg., snRNA)
Overview of Transcription
Similar to DNA replication
Steps: initiation, elongation, and termination
Similar in prokaryotes and eukaryotes

Prokaryotes



One RNA polymerase



Transcription and translation coupled 



mRNAs are not processed


Eukaryotes



Three RNA polymerases



Transcription compartmentalized rather than coupled



mRNAs are processed
RNA Polymerase catalyzes RNA synthesis
Recognizes and binds to promoter
Unwinds DNA helix in prokaryotes (other proteins required in eukaryotes)
Initiates transcription (no primer needed); no proofreading
Links RNA nucleotides in 5’(3’ direction
Requirements for RNA polymerase:

DNA template


Raw materials (substrates)



Precursor nucleotides are NTPs ((ribonucleoside triphosphates)

Source of energy for phosphodiester bonds between nucleotides



Hydrolysis of two phosphates

 
Enzymes necessary to catalyze the synthesis of RNA

Extending chain: nucleophilic attack of the 3’-OH group on the inner most phosphate 
of incoming NTPs, just as in DNA synthesis
A.  Initiation

The gene promoter and transcription


RNA polymerases initiate transcription at specific nucleotide sequences 


Promoter: signal in DNA for RNA polymerase binding and transcription initiation



Identifies gene



Directs point of binding of RNA polymerase to DNA



Determines template strand for RNA synthesis



Identifies transcription initiation point in gene



Different promoters in prokaryotes and eukaryotes


DNA strands and initiation



Sense strand




Same nucleotide sequence as RNA (except T instead of U)




nontemplate strand



Antisense strand




Complementary to RNA




template strand

Transcription in Prokaryotes


Conserved sequences in prokaryotic promoters


Conserved sequences: similar nucleotide sequence regions among promoters



Point of reference for gene: transcription start point (nucleotide +1)



Minus 10 sequence (TATAAT)




T and A pairs facilitate strand separation




Site of initial DNA strand separation



Minus 35 sequence (TTGACA): initial binding RNA polymerase to promoter

Rate of transcription varies from gene to gene


Prokaryotic polymerase


Single RNA polymerase in bacteria


Large enzyme complex 



Five subunits in holoenzyme



Two parts:




Core enzyme




 factor (fifth subunit)

Holoenzyme binds to promoter



Initiates transcription



 factor releases from core enzyme during transcription

Transcription in Eukaryotes


Eukaryotic polymerases

Three different RNA polymerases  

Ten or more subunits

Regulatory elements


Eukaryotic promoters bind transcription factors


Transcription factors assist RNA polymerase II

Conserved sequences in eukaryotic promoters



Minus 30: TATA box (consensus TATAAAA)



Minus 75: CAAT box (consensus GGCCAATCT)



Minus 90: GC box 


Enhancers increase transcription of some genes



usually upstream from promoter (some downstream)



bind regulatory proteins

B.  Elongation


RNA synthesis: 5’(3’ direction 



Energy source for phosphodiester bonds: NTPs A, U, C, and G



DNA-RNA hybrid rapidly separates during elongation

C.  Termination


Prokaryotic termination



Signaled by terminator



RNA synthesis stops



RNA chain is released from DNA


Eukaryotic termination



Pre-mRNA cleaved 11-30 nucleotides downstream of consensus AAUAAA



Termination not well understood

mRNA processing (eukaryotes only)


Addition of 5’ cap


5’ carbon 7-methyl guanine attached to triphosphate on 5’ end of RNA



Attachment is 5’(5’



Protects 5’ end from degradation enzymes


Polyadenylation 3’ end



Cleaved pre-mRNA polyadenylated by poly A polymerase



No DNA template for poly A synthesis


Intron removal from pre-mRNA guided by consensus sequences



Spliceosome: molecular machines made of small ribonucleoproteins 


(snRNPs) removes introns (intervening sequences)


Spliceosome joins exons (expressed sequences)
Transcription of rRNAs and tRNAs


Three rRNAs in E. coli



5S, 16S and 23S



Three rRNAs transcribed as a unit


rRNAs in eukaryotes transcribed by RNA polymerase I


5.8S, 18S, 28S (5S by RNA polymerase III)



Many copies located in nucleolus


5S rRNA and tRNAs transcribed by RNA polymerase III
TRANSLATION

Messenger RNA (mRNA)


Provides coding sequence of bases


Brings ribosomal subunits together
Ribosomes


Move along mRNA and align successive tRNAs
Ribosomal RNA and proteins

Prokaryotic ribosomes are 70S



50S large subunit




23S and 5S r RNAs




Thirty-one proteins



30S small subunit




16S rRNA




Twenty-one proteins


Mammalian ribosomes are 80S


60S large subunit




28S, 5.8S and 5S rRNAs




Forty-five to 50 proteins



40S small subunit




18S rRNA




Thirty to 35 proteins

tRNA structure

Similar in all organisms


Seventy five to 90 nucleotides


Four-armed clover leaf (two dimensional view)



Acceptor arm: both ends of single strand




CCA unpaired nucleotides on 3’ end




A of CCA: amino acid attachment site



Anticodon arm: opposite acceptor arm




Anticodon middle three nucleotides of loop




tRNA anticodon 3’(5’ pairs with mRNA codon 5’(3

3-D structure: folded L-shape in the cell

Amino acid specificity of tRNAs


Anticodon determines amino acid specificity


Amino acid attachment site (CCA) uniform among tRNAs


Two forms of tRNA



Free tRNA



Activated tRNA




Amino acid attached by aminoacyl high energy bond




Enzyme: aminoacyl tRNA synthetase

Amino Acids


Building blocks of proteins

Degeneracy (redundancy) of the genetic code and wobble 

Degenerate genetic code: some amino acids are specified by more than one codon
Put another way: multiple words (codons) for the same thing (AA)
 
For example. UUU/C (meaning UUU or UUC) is phe (phenylalanine)
Wobble: different codons read by one tRNA
two bases involved in pairing (the ones in the wobble position of the codon and anticodon, respectively) can twist slightly relative to each other


Codon-anticodon pairing precise for first two nucleotides of codon



Base-pairing rules at third codon position (3’-end) is less constrained


The usual matches allowed at the wobble position are as follows:
	Type of RNA
	Position of Base
	Base

	 tRNA 
	1st position of anticodon 
	A
	C
	U
	G
	I **

	 mRNA
	3rd position of codon 
	U
	G
	A or G
	C or U
	U, C or A


** I = inosine (name of nucleoside) or hypoxanthine (name of base) = A without its amino (has C=O instead of C-NH2)
Example of degeneracy and wobble: The same tRNA (with anticodon 3'-AAG-5') can pair with both the UUU codon and the UUC codon in mRNA. (Remember pairing is antiparallel, so anticodon must be "upside down" relative to mRNA. 3'-AAG-5' in tRNA pairs with 5'-UUU or 5'-UUC in mRNA.) Since UUU and UUC code for the same amino acid (phe), both can pair with same tRNA carrying phe, and the right amino acid (phe) gets put in every time. So only one tRNA is needed, instead of two, to read both UUU and UUC
The genetic code is nearly universal

Exceptions to genetic code



Mycoplasma capricolum (UGA read as “tryptophan”)



Protozoans (UAA and UAG read as “glutamine”)



Minor differences in mitochondria

Protein Structure and Function

Protein function



Enormous diversity of function




Enzymes: control of chemical reactions




Protein hormones: chemical messengers of cell metabolism




Structural proteins: structures of cells and tissues




Carrier molecules: blood, substance transport




Storage proteins: energy and nutrient storage




Antibodies: protection from invaders

Positions of amino acids determine protein chemical properties




Chemical properties of R groups




Physical conformation of protein and amino acid R-group position
Folding of polypeptide (amino acid interactions)



Primary structure is the sequence of amino acids

Secondary structure

-helix




-strand



Tertiary structure




Bonds between R groups




R group interactions cause folding



Quaternary structure

Combining of several polypeptides



Prokaryotic initiation

Steps of initiation

30S ribosomal subunit binds to IFs (initiation factors) and GTP



Complex binds to Shine-Dalgarno sequence 5’ end mRNA



fMet-tRNA  enters complex at AUG codon



IF-3 released

50S subunit assembles with complex



GTP hydrolysis provides energy



IF-1 and IF-2 released

Two tRNA-holding sites in complete ribosome



A site: aminoacyl (or entry) site



P site: peptidyl site

At initiation:



P site covers AUG codon



P site holds fMet-tRNA



A site covers 2nd codon in mRNA sequence

Eukaryotic initiation

Steps of initiation:



Met-tRNA binds to eIF-2 (eukaryotic initiation factor 2) and GTP (small 


subunit complex)



Met-tRNA-eIF-2-GTP bind small ribosome subunit complex



Small subunit complex with IF-4A and CBP (cap binding protein) bind to 5’ 

cap mRNA




Small subunit complex scans to initiation codon AUG




Anticodon Met-tRNA binds at AUG



Large subunit binds to small subunit




eIFs released




GTP hydrolyzed

Elongation


Elongation in prokaryotes and eukaryotes



Charged tRNA binds to EF-Tu (elongation factor) and GTP



Charged tRNA-EF-Tu-GTP enters A site




EF-Tu released




GTP hydrolyzed

peptidyl transferase forms peptide bond between adjacent amino acids

Ribosome translocates to next codon



tRNA with peptide in A site moves to P site



Next charged tRNA-EF-Tu-GTP enters A site



Translocation requires ribosome complexed with EF-G and GTP




EF-G-GTP released from ribosome




GTP hydrolyzed
Termination

Elongation stops at termination codon in A site



Termination codons are UAA, UAG, or UGA



No tRNA for termination codons

Release factors join ribosomes



Aminoacyl bond cleaved



Polypeptide chain released
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