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Nedwidek Medical Human Genetics Remediation Lesson: Molecular Genetics of the Cell: 4/16/2013
Aim 1: How is DNA copied and expressed across species?

Thursday, April 25, 2013 is DNA day.  We await the essay competition results on that day.
Outline 2 is due April 29.  Note postponement from April 19.  I am still preoccupied with getting the outlines back to you, which I cannot handle returning before early next week. I have 2 other hw assignments I want you to do outside of the project, but we can hit them after the next test. 
You have a test on this and everything since break on April 23 or 30, 2013, depending on my pace.  Your last unit test in this class is May 14.  Your final project is your final assessment in this class.
WCWF determined structural info from Chargaff’s pair rules and Franklin’s 3D data.  She (Franklin) generated the data.  They compiled data and used it to state structural implications for replication.

Brenner discovered how altered frames can affect the interpretation of codons (studied  +, - frameshift mutations, effect on target phenotypes in phage).  These phenotypes are complicated to measure.  

Khorana developed a rosetta stone for the triplet code by introducing RNA homo- and hetero-polymers to a cell-free ribosome assay.  The resultant polypeptide is then characterized: RNA-> protein (expressed) to crack the code.  UUU = phenylalanine and therefore a stretch of U’s such as UUUUUUUUU=phe,phe,phe.  Nirenberg, Mathei and Ochoa studied translation of many RNA heteropolymers and homopolymers in cell-free assays to identify the corresponding amino acid sequences.  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.
The previous characterization of the genetic code yielded the important ideas of universality (across organism species), variation (greater than one codon per amino acid per mutation is tolerated), and wobble (third base is flexible):

-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!!  Thompson p 24. Kraus 377

-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.

Errors in replication are a major cause of mutation.  The mechanism for genome replication is therefore critical:

Major steps in replication initiation (complementary/wcwf copy mechanism); bacterial steps below:

-unwinding/denaturation

-primer annealing

-DNA polymerase docks

-Kraus pages 282-284 addresses fundamental steps in eukaryotes.

Genome facts and statistics:

-DNA template self-contains enough information to make a true copy.

-copy method differs/is simpler for prokes than for euks.

-bacterial genes are stored in ring-shaped chromosome structures (like plasmids).

-torsion is a problem in copying.

-eukaryotes utilize a linear chromosome

-human statistics: 3 x 109 bp, 30,000 viable genes, 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.  Complementarity is addressed loosely on Kraus 373.  Note the importance of primers to start replication. Thompson loosely addresses replication mechanism with an explanation of PCR on p 45.

-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.

-Step 2: COPY: Primers and DNA polymerase engage each parental strand, which acts as a template for daughter or clonal strands, 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.  What is fidelity?

-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, the helicases winding the double helical molecule back up, and the ligases ultimately closing up missing links by securing the last phosphodiester bonds at the end of the polymer chain.
Aim 2: How does fidelity of replication relate to expression of the genetic code?

We left off with the role of ligase in linking nicked strands of DNA together, and fusing the phosphodiester-bonded backbone.

First, a quick overview of the differences between replication, transcription and translation:

REPLICATION:

-semiconservative, relies on complementary base pairing

-Dna polymerase activities: 

--5-3: highly processive (fast), less accurate

--3-5: slower moving, proofreading activity, more accurate, the OCD polymerase

-most Taq’s and sequencing enzymes (Klenow) exploit bacteria’s 5-3 activity

TRANSCRIPTION:

-transposition mechanism that converts (antisense) DNA to RNA through complementarity; relies on RNA polymerase and co- or transcription factors.  Initiates at TATA region of promoter.

TRANSLATION:

-the “last” step; a mechanism that converts 5-3 mRNA sense to N-C protein through activity of ribosomes, which push out mature polypeptide-1 amino acid per codon at a time; Initiates at Shine-Dalgarno sequence of mRNA.  tRNA’s act as adaptors to convert the nucleic acid info to protein.

MUTATION CONCEPT:

-Mutations in a coding region can be good, innocuous, or bad.  The innocuous ones contribute to general variation.  The good ones vary in a way that is environmentally favorable.  The bad ones bring harm upon environmental pressure.  If we take codons as three-letter words and start with:

THE BAD DOG ATE THE CAT.

A single base substitution to this yields:

THE BAD DOG ATE THE CAP.

This is an innocuous variation.  From original, insert 1:

THE BAD DOG ACT ETH ECA T.

This is a harmful frameshift.

-The later frameshifts occur in a sequence, the less damage they do.  If they occur in a naturally hypervariable or noncoding region such as the one we looked at in our mitochondria, they have essentially no effect,  But they are advantageous to scientists, who can use them to study genetic drift over time (as in the mitochondria), and population change over time (as for the genomic Alu insertion).

Statistics on Fidelity:

-One amino acid is encoded by at least one, sometimes 2 or 4, but as many as 6 codons.  There are three stop codons.  For a given amino acid, third position variation is tolerated, but no variation is allowed at positions 1 and 2.

-Mutation is tolerated or not harmful at the third position.

-Proofreading prevents mistakes from being propagated.

-1/10000 base pairs copied is a mistake initially.

-Repair rate is 50-500 nucleotides per second.

-DNA polymerase fidelity and orientation of activity:

--copying: 5’-3’: hi speed/lo fidelity

--proofreading: 3’-5’: lo speed/hi fidelity (OCD); What is faithfulness in this context?

-Lab methods we have used that rely upon replication include PCR and sequencing.

Mutation and its effects:

-Most spontaneous mutations that make it into the genome or are retained by DNA are good/adaptive.

-Simpler organisms like bacteria mutate/evolve in real time.

-More complex organisms take longer to change.

-Point mutations are also known as missense or substitution mutations:

--transition (pyr->pyr, pur->pur), transversion (pur-pyr).

-Frameshift mutations such as +1 insertions or –1 deletions are called nonsense mutations because they introduce stop codons downstream of themselves.

-Causes of mutation include tautomeric shift, analogs, alkyl agents, spontaneous change (during replication), UV energy (thymidine dimers), radiation (ionizing).

-All of this can destroy the intact gene message or control region.  Note the fundamental human gene structure on Thompson page 20.  The bacterial operon is discussed on Kraus page 382.

-Mutations can be innocuous, good or bad depending upon environmental conditions.  Introns (or any noncoding DNA) can tolerate mutation.

-Some mutations affect translation: tRNA to anticodon to AA pairing messed up: occurs mainly in bacteria/wrong AA inserted: conditional mutns in bacteria, usually inviable mutations in eukaryotes.

-Some mutations affect gene expression: promoter, enhancer, or up- and downstream regulators: any mutation that affects control can be seriously detrimental.

The DOGMA in drawings: Thompson diagrams the central dogma on page 23, and Kraus explains it on pages 378-381.

General Features of Transcription and Translation:

-these processes are highly controlled and regulated inside the cell.

-enough is known about enzymes involved and the conditions required to carry out these processes in vitro (test tube) as well.

-Transcription: Key enzymes involved are RNA polymerase and supporting transcription factors

-Translation: Key machinery involved is ribosome.  Ribosomes can be obtained from prokaryotic and eukaryotic cell-free extracts.

Specifics on Transcription and a Little on Translation:

-RPOL (RNA polymerase) moves 3’ to 5’ on antisense DNA.

-RNAs emerge 5’->3’ from RPOL in a linear fashion.

IN PROKARYOTES:

-Control is cis (same strand/next to gene).

-Genes under the control of one promoter/operator per cistron (promoter plus protein coding region).

-Transcript IS NOT changed after expression.

-Promoter and operator control regions are not transcribed.

-Transcription and translation at ribosome are simultaneous, for speed and efficiency.  The nature of each process differs significantly in eukaryotes.

IN EUKARYOTES:

-Transcription occurs in the nucleus with the assistance of transcription factors that recruit RPOL.

-Control is not solely cis; it can be trans, or from elsewhere on strand, through enhancers, for example.

-Genes are spliced (exons kept and intervening introns discarded), often combinatorially, into multiple variants for efficiency in storage.

-A gene of sequence I1E1I2E2I3E3 can be spliced into variants like E1, E2, E1E2, E1E2E3, or E1E3.

-A MET start followed by an open reading frame (ORF) are present.

-posttranscriptional modifications include a 5’ guanosine (G) CAP and 3’ polyadenylated polyA TAIL; these act as protective ID tags for the mature transcript.

-the spliced, capped, tailed transcript is targeted for nuclear export to the cytoplasm for translation.

Translation in Eukaryotes: 

-mRNA is exported to the cytoplasm following modifications to it.

-Ribosomes are the site of translation in the cytoplasm.

-major steps in translation are initiation (start), elongation (grow/extend), and termination (stop) of growth of the polypeptide chain.

-important molecules in ribosomes: tRNA and amino acids come together by way of at least 20 different types of aminoacyl tRNA synthetases.

The flow of information in the cell is as follows (regardless of cell type): remember this.

Sense DNA 5-3

Antisense DNA 3-5

mRNA 5-3 (has U’s and similar sequence to sense DNA)

tRNA 3-5, 3-5, 3-5 (has U’s and similar sequence to antisense DNA)

protein (polypeptide) amino-N-aa1,aa2,aa3…-C-carboxyl

-linear relation between 5-3 mRNA and N-C protein.

Again, Thompson addresses human gene structure on page 20, and levels of organization of human genes within chromosomes on page 30.

Aim 3: What are the implications of recombinant DNA technology (restriction digestion, cloning, and sequencing) for isolating and studying genes?

RECOMBINANT DNA TECHNOLOGY AND TECHNIQUES:

-allows new combinations of DNA from different sources and exploits universality  and compatibility across species of the DNA molecule.  As long as the sequence lacks introns, it is cloneable.

IDENTIFYING AND FINDING YOUR FAVE GENE:

-If you are dealing with polymorphism, you may want to Southern Blot for a particular sequence with a complementary probe: for example, RFLPs  (restriction fragment length polymorphisms) are used to identify differences in genes (coding) or in junk (noncoding) DNA.

-If a fragment that you isolate is something you want to clone, you will need to cut it out of the gel and clone it…more on this later.  To find the gene, these methods are still fairly common:

-Walking: adjacent genetic information is used to move stepwise across the genome, isolating adjacent clones to identify a gene, and sequencing and synthesizing primers to continue to read the gene.  Then, ORF’s are sought to find a sequence encoding a protein; if no ORF, region assumed to be noncoding.

-Library: overlapping pieces of a full genome are cloned in bacteria (prokaryotic system) or yeast (eukaryotic system) so as to contain at least one copy of all sequences in that genome.  Probes can be used to “fish” for sequences or genes with desired characteristics.

ISOLATING YOUR FAVE GENE:

The isolation of genetic material needed to clone a eukaryotic gene is as follows (flowchart below):

-isolate polyA mRNA (mature transcript)

-identify specific RNA for your favorite gene (YFG) based on some known sequence

-create cDNA (complementary to above RNA) using reverse transcriptase

-start process of moving isolated DNA into E. coli utilizing recombinant DNA technology and transforming principle.

CLONING YOUR FAVE GENE: see Thompson page 40 for general approach

The technical manipulations involved in restriction analysis are as follows:

-Restriction enzymes represent the immune system of bacteria; they protect against the incorporation of foreign DNA into bacterial genomes by a system called restriction and modification.

-Restriction enzymes cut DNA in specific spots.  Pieces can then be analyzed on a gel, allowing us to see the fragments at their relative sizes.

-The standard technique is to restriction digest/cut DNA, apply voltage in a buffered environment, resolve the DNA pieces, stain the gel, and identify or map the order of short double strands of DNA.

-These 2 steps of cutting and isolation can also be used to disassemble and reassemble DNA pieces.

The technical manipulations involved in moving the cDNA insert of YFG into bacteria are as follows:

-Planning: pick compatible vectors and enzymes; be sure the two sites you pick to cut with have different overhangs; scan insert to be sure you will not cut it; you do not want to flip the insert either; it needs to be in the correct orientation relative to the gene promoter in the vector.

-cut YFG insert with Restriction Enzymes.

-cut circular DNA plasmid containing antibiotic resistance with compatible Restriction Enzymes.

-run both cut insert and cut plasmid on gel, excise bands, extract DNA.

-ligate cut plasmid and insert.

-transform E. coli with novel plasmid, recombinant construct using Griffith’s transforming principle.

-grow bacteria with selection for antibiotic, and sometimes inducers for protein expression.

-one “hit” that received plasmid and insert grows into thousands of progeny bacteria asexually.

-confirm and characterize that “hit”.

CHARACTERIZING AND CONFIRMING YOUR FAVE GENE:

-characterization: fingerprinting or mapping via restriction enzyme (RE) digests.

--RE cut and electrophorese: see Thompson page 34 for explanation of molecular biology techniques.

--probe with complementary, labeled DNA to ID target/part of sequence.

-confirmation: confirm sequence you cloned with amplification (PCR) and sequence analysis (see below); amplification can also be used to clone YFG with targeted primers as a recombinant.  YFG could be hGH, insulin, etc….anything you want to make more of.  OR you could apply this targeted amplification technique to any region you wish to study.  Sequencing needed before characterization.

MORE ON PCR AND SEQUENCING:

Steps for PCR amplification: create master mix with dNTP’s, primers, heat resistant polymerase, ions such as salts and acids….expose to polymerase under ideal conditions.

-isolate particular sequence

-prime its synthesis with 20 bp primers synthesized to be complementary to that target sequence

-denature/melt at hi temp

-anneal/cool with primers at lo temp; primer sticks to complementary sequence.

-extend with polymerase enzyme—DNA replication

-repeat…see Thompson page 45 for visual description.

pros: geometric expansion, many copies; cons: error-prone

Steps for sequencing: replicate multiple molecules of target, label them, resolve them by size, identify them by size, in order. This is now automated, used to be manual. Sanger dideoxy method (See Thompson page 48 for an explanation of the method):

-for a hypothetical 10 base pair sequence, one would denature to single stranded, and polymerase extend with 4 “stop” mixtures: ddA, ddT, ddC, ddG.  Each of the mixes would tend to make molecules ending at only the stop added, so a population of molecules of certain specific sizes would be made.

-these populations of labeled molecules could not extend beyond the stop (no extra oxygen in ddNTP).

-only labeled molecules of  the same size would migrate together on an acrylamide gel or via liquid chromatography.

-opposite strand can be inferred based on complementarity.

Modern variations: -fluorescent stops (instead of radiation), -HPLC resolution (instead of gel),

-automated optical scans upload to sequencing file (instead of human processing).  Advantages:

-vast improvement of speed and efficiency for high throughput sequencing, improved footprinting.

Mutation analysis is described as applied techniques in a box on Thompson page 46. Look at that as well.

