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Nedwidek Molecular Bio (SLS44QM): Mutation/Replication/Transcription/Translation 4/29/13-

Aim: How are genes maintained and decoded in prokaryotes versus eukaryotes?

DN: Contrast the significance of a frameshift mutation versus a single base pair substitution to a target gene product of any cell.  Are all base pair substitutions the same?  What are the major structural differences between an animal cell and a bacterial cell?  Please diagram and phrase them.  Profoundly, DNA controls itself by encoding the enzymes that modify it.  What does this mean in terms of the timing of events such as replication, transcription and translation?  DNA labs are due today; please hand them in. In advance of mouse hunt lab, please go to www.dnai.org/lesson/go/17604 

The nature and repercussions of mutation:

Types of Mutation

-Missense Mutation: a base pair substitution causes a silent, neutral, or damaging change in the code.  All but silent mutations change the amino acid that results from a base pair substitution.

-Nonsense Mutation: introduces a stop codon.

-Insertion (addition) or Deletion (removal) of a base pair.  In nonmultiples of three, these changes are called frameshifts (abbreviated fs below).  In multiples of three, these changes cause a gain or loss of single amino acids when translated.

-Frameshift mutation: a base pair insertion or deletion that alters interpretation of the genetic code downstream of the error.  This often causes the introduction of spontaneous stop codons.

-Mutations have different effects depending on which codon position they impact.  For a codon of position 1 2 3, base changes in position 1 or 2 change amino acid side chain polarity or size inevitably, while a change in position 3 may not even change the amino acid side chain at all.

Induced mutation is less common than spontaneous. Some External Induced Causes of Mutation:
-Chemicals that are mutagens or carcinogens physically change the DNA, requiring repair.

-Ionizing radiation such as gamma rays damages or changes DNA chemistry, requiring repair.

-UV light: as from the sun, creates thymidine dimers in skin cells that require repair.

Reasons for damage:

**If there is too much to repair, the cell cannot keep up with the repair and some mutation changes are retained from generation to generation.  Nonnatural changes are seldom repaired.

**Some mutation can be simply spontaneous during the process of copying.  Bad changes do not survive in living things.  Harmless or good mutations survive from generation to generation.

Effects of mutation on polypeptide “meaning”: Sentence analogies with real 3-letter words.










RESULT

Start with (1): 

THE BAD DOG ATE THE CAT.
N/A, point of ref.

From (1), intro +1:
THE BAD DOG ACT ETH ECA T.
bad (fs)

From (1), take -1:  
THE BAD^OGA TET HEC AT..
bad (fs) worse, earlier

From (1), substit. 1:
THE BID DOG ATE THE CAT.
possibly bad

From (1), substit. 2:
THE BAD DOG ATE THE CAP.
possibly OK/good
Nine important lesions in human genetic disease

Huntington disease (autosomal dominant) is due to a defect in the huntingtin (HD) protein, function unknown, in brain, causing degeneration of control by brain and nerve tissue.

Achondroplasia (autosomal dominant) is due to a defect in Fibroblast Growth Factor Receptor 3 (FGFR3), which controls the receipt of growth hormone stimulus.

Cystic Fibrosis (autosomal recessive) is due to a defect in Cystic Fibrosis Transmembrane conductance Regulator (CFTR) (ATP binding); regulates Cl- ion flow across cells; targets lungs.

PKU (PhenylKetonUria) (autosomal recessive) is due to a defect in phenylalanine hydroxylase (converts phenylalanine to tyrosine), causing buildup of phenylalanine and neurological damage.

Sickle Cell Anemia (autosomal recessive) is due to a defect in the HBB gene encoding a part of Hemoglobin called beta globin.  The mutation changes glutamic acid 6 to valine (and is called val6glu) in this protein, which also causes thalassemia when defective.  Affects O2 transport.

Rett Syndrome (X dominant) is due to a defect in methyl CpG binding protein 2 (MEPC2), a transcriptional regulator that binds methylated DNA to silence certain genes.

Hemophilia (X recessive) F8C or F9 factors encode (respectively) clotting factor 8, which when defective causes Hemophilia A, and clotting factor 9, which when defective causes Hemophilia B (Christmas disease).  Both disorders of blood clotting cause excessive bleeding.

Muscular Dystrophy (X recessive) is due to any number of defects in the very large dystrophin gene.  DMD (Duchennes) or Becker muscular dystrophy are both connected to dystrophin which is encoded on X and controls muscle stability.  Other muscular dystrophies are autosomal.

Sex Reversal (Y linked) is due to defects in the SRY gene.  Normal SRY protein binds DNA to alter chromosome structure in response to androgen (male-specific) hormones.  Any imbalance in this regulation causes gonads not to form properly, and the affected individual is infertile.

Replication of the DNA double helix: copying the DNA

-Mutations usually either occur during/due to errors in replication, or are perpetuated by replication.  Mutations that are passed along can alter the code, and ultimately protein structure.

-Each 3-base codon of DNA is converted to an amino acid (one is start) or a stop. 20 aa possible.

-DNA bases are 3.4Å apart and helix is 20Å in diameter.  1 Å = 0.1µm

-Replication must be faithful or mutations can arise spontaneously and be perpetuated.

Genomes: The genetic material of the whole organism

**In bacteria or prokaryotes, genomes are ring-shaped (circular and coiled), and on average 20 Kbp.  Extra DNA can be taken on by the bacterium (transformed) in the form of small plasmid rings and can be beneficial to the bacterium.

**In animals and plants, or eukaryotes, there are longer chromosomes, which are organized to represent the full organism genome in manageable chunks.  They have more DNA and it is organized in a more complex way.  Human cells contain 3 x 10^9 base pairs, 30,000 viable genes, and 46 chromosomes.

Basic and general mechanism of replication for simultaneous copying of a whole genome:

-3 key steps: unwind double helix, copy it, zip it back up.

-eukaryotes and prokaryotes differ in the precise copy method.

-The method for replication is semiconservative, as discovered by Meselsohn and Stahl, who labeled some DNA with heavy nitrogen, and measured the mass of successive generations of molecules.  Draw a diagram of what happens from the board.  Note the importance of primers to start replication.

-DNA contains the template for reproducing itself, as described by Watson and Crick.

-Step 1: UNWIND: Two original or parental DNA strands of the double helix unwind or separate with the help of helicases and topoisomerases, nucleic acid primers touch down, and DNA polymerase attaches.  This step and its limitations will be illustrated in class.

-Step 2: COPY: Each parental strand is a template for forming the complementary antiparallel daughter strand, using A:T and G:C.  Once the polymerase has attached, it recognizes the bases one by one and extends the chain 5’ to 3’. DNA polymerases fall into two general categories.  Low fidelity polymerases operate in a fast and loose manner, while high fidelity polymerases operate in a slow but tight manner.  Copying/ importance of fidelity will be illustrated in class.

-Step 3: REWIND/ZIP UP: The parent and daughter strand sets re-wind to make two double helices identical to the parent.  The process repeats at another location.  Ligases repair nicks between copied regions.  Imagine millions of polymerases doing this copying simultaneously.  During which phase of the cell cycle does this occur?

-Every aspect of these steps is controlled by enzymes.  DNA helicases unwind, DNA polymerase copies (5-3) and proofreads (3-5), and DNA ligase repairs nicks and seams between adjacent double stranded regions of DNA.

-The proofreading activity prevents mistakes during the copying process from being carried forward.  It preserves the integrity of the genome.

-During the copying process, one mistake is made for every 10,000 base pairs copied.

-As this error rate is unacceptable and needs to be fixed, the rate of repair is 50-500 nucleotides per second.  Without repair, lethal mutations would emerge rapidly.

Cracking the Code: Concepts and History

Universality and wobble degeneracy of the genetic code:

-The code is linear and unambiguous, but degenerate.

-Third base degeneracy or wobble allows base flexibility at the third position of each codon to yield the same amino acid.  Take a look at the genetic code in your books!!

-The code allows for variation within and across species to make proteins that have similar or identical functions, yet the interpretation of the “language” is universal, or the same, from E. coli on up to humans.  This is what allows us to move recombinant genes from eukaryotes to prokaryotes for manipulation and expression while maintaining the integrity of the aa sequence.

Scientists responsible for cracking the code:

Nirenberg, Mathei and Ochoa studied translation of RNA heteropolymers and homopolymers in cell-free assays to identify the corresponding amino acid sequences.  EX: UUU = phenylalanine.

Khorana used hemipolymers and previous data to fill in the gaps from what was found above.  The groups combined their efforts to create a Rosetta stone for breaking the genetic code.

Unlocking the Code: Transcription and Translation

Revisiting the central dogma: DNA->RNA->protein.

And some terminology…

prokaryote

eukaryote

transcription

translation

intron

exon


guanosine cap

polyA tail

splicing


nucleus

cytoplasm

ribosome

aminoacyl tRNA synthetase

monomer

polymer

nucleotide

nucleic acid

amino acid

polypeptide

protein


polymerase (DNA or RNA)

ligase


helicase

sense 


antisense

Compare differences in transcription (txn) & translation (tln) between prokaryotes & eukaryotes:

In Prokaryotes:



In Eukaryotes:
-txn & tln are simultaneous events

-txn in nucleus; tln in cytoplasm; sequential events

-RNA polymerase regulation is rigidly
-RNA polymerase regulation is flexible and has

regulated from on to off to on, etc.

levels of control

-few txn factors are employed


-multiple txn factors are employed

-“As is” RNA is converted to polypeptide
-RNA is processed: introns are spliced out, 5’G cap 

immediately; RNA is not modified
is added, 3’ polyA tail is added, all happens in

prior to entering ribosome.
nucleus; modification provides protection/targeting


prior to cytoplasmic export to ribosomes. 

-genes are regulated mostly with nearby cis
-gene expression can be controlled by elements 

control elements governing expression levels
nearby (cis) and far away (trans)

Summaries of Transcription and Translation events:

Transcription: RNA polymerase moves 3’->5’ along the antisense DNA.  In prokaryotes, mRNA then emerges 5’-3’ from RNA polymerase in linear fashion.  Prokaryotic genes are under the control of one promoter & operator, acting in cis. In eukaryotes, the genes that emerge from txn can be combinatorially spliced into multiple variants (exons are retained as coding information, while introns are spliced out) and expression control can be cis or trans.  We will discuss transcriptional regulation more extensively in prokaryotes, and more briefly in eukaryotes.

Translation: Ribosomes, which exist both in prokaryotes (free) and in eukaryotes (free and Endoplasmic Reticulum-bound) are machines which combine RNA and proteins, free amino acids, free ribonucleotides, and maturing proteins.  Ribosomes read the mature mRNA transcript from 5’->3’ as it emerges…this corresponds directly to the emergence of a polypeptide from N (amino terminal) to C (carboxylic acid or carboxy terminal).   There are three major phases before the mature polypeptide is released from the ribosome.  The phases are Initiation or “start”, Elongation or “proceed”, and Termination or “stop”.  There are specific sites within the ribosome (E, P, A) that allow the development of polypeptides by a series of dehydration synthesis reactions (releasing one water per peptide bond) that correspond directly to the genetic code specifications for the order of amino acid assembly.  As the polypeptide is released into the cytoplasm, it is met by chaperones until it folds properly.  Individual domains can then assemble to form functional quaternary protein structures in the cell.  Protein functions range from catalysis to molecular transport to structural support of the cell.  Timing of expression is critical.

