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Aim: How are eukaryotic genes studied in prokaryotic systems?

DN: Contrast the mechanism of negative feedback with the meaning of negative regulation where lactose metabolism in E. coli is concerned. Explain what happens to the expression of beta galactosidase when glucose is around and why.  Name two other examples of negative feedback, one in plants and one in animals.

For the exam May 13, 2013, you are responsible for any or all of the following scientific contributions, which we will review briefly.  They are all addressed in your books.  The main groups you need to know about are:

1. Griffith, Avery, MacLeod, McCarty: Transforming Principle: DNA is the genetic material.

2. Chargaff: DNA Pair rules: A pairs with T, G pairs with C; in RNA, A pairs with U.

3. Watson, Crick, Wilkins, Franklin: Interpreted DNA structure, applied pair rules.

4. Hershey and Chase: DNA is genetic material; is infectious in bacteriophage.

5. Beadle and Tatum: One gene-one polypeptide theory; central dogma: DNA-RNA-protein.

6. Jacob and Monod: Operon theory: Negative regulation of lac metabolism: general model.

7. Meselsohn & Stahl: Semiconservative method of DNA replication uses complementarity.

8. Nirenberg, Mathei, Ochoa, Khorana: Cracked the triplet genetic code.

9. Sanger and Gilbert: Developed effective chemical methods to sequence DNA.

This test is harder than the last one and it may make you cry, sweat, or both, and considering the last one, that’s a big deal.  You have one period for this 100% exam.  It will be multiple choice questions plus questions on DNA structure, chemistry, and molecular cell biology (all hw 11 stuff), a fill-in where you need to fill in DNA, RNA, and protein sequence for a given sense DNA strand.  You were taught how to do this this week, and must remember the similarities I told you to look for, and the direction of information flow (5’ to 3’, 3’ to 5’, N to C, as well as localization of molecules to parts of a cell).  You will never need to memorize the triplet code, but you must know the pair rules for DNA to DNA and DNA to RNA.  The multiple choice segment will consist of matching scientists, definitions, and some techniques they used, and then you will be tested on the molecular biology we have covered regarding the differences between prokaryotes and eukaryotes in terms of how they carry out replication, transcription, and translation.  You will be tested on DNA structure and pair rules.  You must understand negative regulation (the lac system) in E. coli (previous file).    You also need to know the inheritance and molecular basis for the 9 genetic diseases listed in earlier notes in this series. it is critical that you study these notes below for biotechnology (restriction enzymes, southern blot, PCR, sequencing, transformation, cloning, etc)—we did some of this in lab.  AT some point, some of the biotech stuff spills into the evolution test that you have at the end of the term…for this, you may need to know some about how cancer manifests, and the developmental effects of mutation. The chapters are Bartsch topic 3, Kraus chapters 21 and 22, Towle chapters 11,12,13, and Audesirk chapters 9,10,12(second half), and 13.  This is an insane amount of material, which is why I tell you to use my notes instead of trying to learn it cold from the book.  SO these first three word files ARE on this May 13 test, less so for this file (3rd).  For the next exam (Tuesday May 28, 2013), which will be on ecology, it will come straight from a few regents. Evolution and the rest of biotech will be tested on June 3. Try not to panic.  THE REGENTS IS JUNE 11.. June 08 due Fri 5/10.

Eukaryotic Gene Expression and why you should care about it: priority June 3 exam
-Recall that eukaryotes are far more complex than prokaryotes in terms of how they get info out of the DNA: The process for eukaryotes entails transcription/expression in the nucleus, transcriptional modification in the nucleus (splicing out of introns, for example EIEIE is spliced to 5’GEEEAAA3’(see board), export to the cytoplasm, translation of the mature transcript, posttranslational modification, export to outside cells, and ultimately cell communication.

-The level of gene expression controls all cellular processes and communication from cell to cell.

-Gene expression depends greatly on DNA structures.

-Euchromatin is accessible.  Called true chromatin, it is relatively easily accessed for transcription.  Conversely, Heterochromatin is condensed, packed tightly and relatively inaccessible and inactivated—it is not transcribed, and is also considered “junk”.

-Eukaryotic chromatin is structured around histones, and is chemically modified to control its expression, which can be enhanced or silenced.

-Gene expression is regulated by proteins called transcription factors.  Many cancers are caused by defects in transcription factors, as they control how effectively many genes are expressed.

-mRNAs are translated at different rates.; -all proteins are modified before they can become functional; -rate of catalytic activity for enzymes is affected by how they are encoded and how their expression is regulated.

Eukaryotic Cell Cycle, Development and Cancer

-The cell cycle: This entails control of everything leading up to synthesis (interphase) and actual mitosis (prophase, metaphase, anaphase, telophase).  Likewise, there is a control sequence for the development of germ cells via meiosis.  It is tightly dependent upon timing and amount of expression of a number of different critical genes.  Their protein products control the rate, timing, and success of cell division.  The duration and accuracy of events in the cell cycle therefore control its success.  If there is a problem, and the “bad” cell is not killed successfully (apoptosis), the rogue cell can go on to cause serious problems.

-Development: Defects in gene expression in the germline (pre- and during meiosis) can cause sex cell abnormalities, which are either lethal to a fetus, or can cause developmental and genetic defects after fertilization.

-Human development is studied primarily using two model organisms, Drosophila melanogaster (the common fruit fly) and Mus musculus (the field or house mouse).  While chimpanzee Pan troglodytes is closest to us genetically, it is considered unethical to perform experiments on chimps because they are cognitively close to us as well.

-Models are used to study humans because of efficiency, plus practical and ethical reasons.

-In flies (invertebrates) and in mammals (vertebrates), homeobox genes encode, among other things, where, when, and how limbs develop.

-Mutations in homeobox genes undermine positional gene expression in development.  They have been studied extensively in flies by Eric Wieschaus (Princeton) who won the Nobel in 1995 for his work 10 years before on a large scale fly mutagenesis study.  From this work, genes called gap, pair rule, and segment polarity genes were identified.  One of them, Antennapedia, when mutated, causes flies to grow legs from their heads (absolutely SERIOUSLY!).

-Homeobox gene homologs (equivalents) were later uncovered in mice and humans.

-Mice are much more commonly used to study the genetic basis for diseases that harm humans, but mice are hard to study in the lab because of gestation time and complex genetics.

-Cancer: Defects in gene expression preceding and during DNA synthesis (replication) and during control of mitosis have the potential to destroy the integrity of somatic cells, causing them to become tumors in a number of different tissues.   Unchecked, malignant tumors are fatal.

-Cancer is due to defects in the cell cycle.  Cancer cells have the following major characteristics in common: they divide too fast (proliferation), live too long (immortality), and cannot stay where they belong (loss of contact inhibition, metastasis).

-Some very basic terms in the study of abnormal growths in people are benign (a harmless overgrowth, usually a cyst), malignant (a harmful overgrowth, usually called a tumor), metastatic (a malignant or mobile tumor whose cells are able to spread throughout the body and induce new tumors to form), neoplasm (or new growth, this is another word for a tumor)

-The genes that are closely associated with cancers are oncogenes and tumor suppressors.

-A proto-oncogene, which is natural and normal and supposed to be active in your cells, must become mutated to lead to a cancer.  A messed up proto-oncogene becomes an oncogene.  This can be caused by chemical damage to DNA from mutagens and carcinogens, and even from some viruses like Human Papilloma Virus (HPV), which ultimately causes cervical cancer.

-Tumor suppressors are naturally and normally supposed to kill, or apoptose, a cell that has experienced a genetic accident or irreparable damage.  Without tumor suppressors, these rogue cells divide unchecked (unstopped).

-Proto-oncogenes are pro-cell division genes.  Mutations that up-regulate these genes cause uncontrolled cell division: what was the natural gene becomes switched “always on” and rogue cells overdivide, forming tumors, and more and more cells, damaged worse and worse.

-Tumor suppressor genes are anti-cell division genes, called pro-apoptotic.  Mutations that down-regulate these genes or “knockout” their function also cause uncontrolled cell division because the natural checks upon rogue cells that are supposed to be there have been destroyed/removed.

-Mechanism of development of skin cancer, specifically malignant melanoma: Ultraviolet light, a mutagen, hits skin cells, targeting thymine DNA bases and forming thymidine dimers.  DNA polymerase is not easily able to read-through or correct these errors, and the result is a high error rate and ineffective copying at replication.  Over time, this insult to the DNA results in the development of a deadly form of skin cancer.  A few bad burns as a child, and failure to apply sunscreen with sufficient SPF can be enough to cause melanomas or precancerous skin lesions later in life.  Thinning of the ozone layer makes people at the poles more vulnerable to this.  Bottom line, some sun every day is good, but regular tanning/sunbathing is horrendously bad.

The Human Genome Project and you:

Context: For kicks, explore http://www.ncbi.nlm.nih.gov/ to learn more about the Human Genome Project, a massive global effort to sequence all the genes that make up a human person, Homo sapiens, with the hope that someday, the mechanism for all human disease and susceptibility, genetic in nature, will be understood.  The gene I discovered (attached) is at http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=30026014
and
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=AAP04006.1

Comparative genomes:

-Our human genome is 3 x 10^9 bp, 30,000 viable genes, 46 chromosomes

-A chimpanzee is 3.1 x 10^9 bp, 25,000 viable genes, 48 chromosomes

-A mouse is 2.6 x 10^9 bp, 30,000 viable genes, 40 chromosomes

-A fly is 1.8 x 10^8 bp, 13,000 viable genes, 8 chromosomes

Biotechnology, why it is useful: Importance of Recombinant DNA to you:prior’y 5/13 exam

We’ve all heard about cloning…It is all over the news.  But the idea of cloning a gene like insulin is very distinct from the idea of cloning an organism like Dolly, the cloned ewe.  The outcomes of both have the potential to save lives.  But the controversy over cloning and stem cell research is based almost entirely upon a broad ignorance of understanding surrounding the techniques utilized for each, and the proper uses versus ramifications of misuse of each.

Major tools and techniques you are responsible for (also see page from Thompson book): 

Tools: plasmid, insert, vector, cDNA, restriction enzyme, ligase, E. coli, recombinant, cloning

Techniques: Electrophoresis, Transformation, Sequencing, PCR, RFLP, Southern, Northern, Western

Definitions:  Try and recognize terms below in the Neanderthal articles I sent:

-Plasmid-bacteria naturally take these on to confer adaptive advantage; they can carry metabolic genes.  Plasmids are small circular pieces of autonomous DNA with genes that bacteria can express.  Almost all man-made plasmids carry antibiotic resistance.

-Insert-foreign DNA or gene to be cloned into a plasmid host.

-Vector-larger than the insert, a piece of host DNA that can support reproduction and expression of an insert gene.

-cDNA-complementary DNA, made from mature mRNA using reverse transcriptase polymerase; cDNA’s are a stable form of a eukaryotic gene to be cloned.  They can be stored in libraries or overlapping pieces of the whole organism’s genome.

-Restriction Endonuclease Enzyme-these catalytic proteins exist naturally in bacteria as a defense mechanism against foreign DNAs.  They act as scissors to cut double stranded DNAs palindromically at specific sequence sites or locations.  This can be exploited to move and study the DNA fragments or restriction fragments that result from the cuts.  Refer to blackboard.

-Ligase enzyme-these proteins are able to repair nicks between double stranded DNA fragments.  They act as a glue of sorts.

-E. coli-a bacterium used in the lab to manipulate and analyze genetic material.  Coliform bacteria exist in the gut of humans and mammals naturally to resorb fluids from feces.

-Recombinant-a new piece of DNA formed from sticking or splicing (misnomer) two different pieces of DNA, usually from different organisms or sources, together.  Refer to drawing on blackboard.

-Cloning-Meaning 1 (gene): taking DNA from one organism and moving it into another either to express or duplicate it or both. Meaning 2 (organism): copying an organism asexually to make another genetically identical organism.  This is done naturally by mitosis and related processes and unnaturally by genetic manipulation of somatic DNA and parts of an egg.

-Transformation-The natural uptake of environmental DNA by bacteria, first discovered by Griffith and colleagues.  The efficiency of this process can be improved and exploited to manipulate and reproduce DNA in prokaryotes (like E. coli) and eukaryotes (like S. cerevisiae). This is a form of adaptation by bacteria to environmental pressure, for instance, to antibiotic resistance.  This is NOT considered immunity.  It is considered rapid, real-time evolution.  Humans can introduce pressures that select for plasmids. See blackboard for diagram.

-Sequencing-The harnessing of DNA polymerase, primers, nucleotides, label tags and proper conditions to specifically identify the nature of a region of DNA of an organism. Sanger method widely used; exploits the principles of replication.  See blackboard for diagrams.

-PCR-Polymerase Chain Reaction, this technique exploits replication as well, but to repetitively amplify a precise region of DNA bounded by specific primers (short complementary sequences called oligonucleotides).  It has wide applications, usually for preparing a DNA for cloning.  See diagrams on blackboard.

-Electrophoresis-DNA, RNA, or proteins are separated by size using agarose or acrylamide gel.  In the case of nucleic acids, the negative DNA or RNA backbone runs toward positive electrodes, and the larger the molecule, the slower it moves.  Small molecules move rapidly through agarose and acrylamide.  Shape also plays a role in mobility.  The technique is a derivative of standard chromatography.

-RFLP-Restriction Fragment Length Polymorphisms.  Everyone has DNA that is expressed and DNA that is not.  The fragments that are not expressed are the most unique from person to person because they do not encode essential genes.  RFLPs exploit this to provide unique DNA fingerprints for people; fingerprints tend to run in families—this is useful for forensic criminal investigations and paternity or familial relations.

-Southern Blot-organism DNA is cut, electrophoresed, and blotted or adhered to a membrane.  A sequence-specific and tagged DNA probe (usually radioactively tagged with P32) is used to help identify DNA of a particular sequence within a profile of numerous bands.  It exploits DNA complementation or hybridization to a sequence.

-Northern Blot-whole organism mRNA is isolated, electrophoresed, blotted, and analyzed for the presence or absence of a particular expressed transcript using a radioactively tagged, sequence-specific nucleic acid probe.

-Western Blot-expressed whole protein of an organism is isolated, electrophoresed, blotted, and analyzed for a particular shape of protein made by the organism using tagged antibody probes.

Procedures and Applications:  See board for each!!!

I. Cloning a gene is NOT the same as cloning an organism.  STEPS: Typically, to characterize a eukaryotic gene, mRNA that is mature is isolated from a living thing--either from blood or skin from organisms like human and mice. This is used to make cDNA of your favorite gene (YFG).  You then cut YFG insert and a target plasmid vector with restriction enzymes, preferably two different ones so the fragment only goes in one way (This is called directional cloning).  Cut DNAs are then resolved as pieces on an electrophoresis gel, isolated, stained with a mutagen that glows in contact with DNA, and physically removed from the gel.  Vector and insert are ligated to make one novel RECOMBINANT plasmid containing YFG.  The new YFG construct, containing signals for gene expression, replication, and a gene for antibiotic resistance or metabolic dependency, is transformed into bacteria and selected.  APPLICATION is to make more of a particular recombinant gene quickly, and to quickly manipulate, express and compare genes for study.  The most practical modern application of recombinants has been the cloning of human genes like insulin and human growth hormone for replacement in people lacking them.

II. DNA Sequencing is done to identify a precise region of the genetic code of an organism.  STEPS: The method used to do this today is derivative of a method developed by Sanger called the dideoxy chain termination method.  A region of DNA is cloned.  A DNA primer is built to initiate/encourage DNA polymerase to land at one end and read the sequence.  Nucleotide triphosphate monomers or dNTP’s are used to create a series of DNA’s of finite length that can be resolved on a very thin gel or by chromatography.  The key is that four separate replications are done, each with a “stop” dideoxy nucleotide (ddNTP) that lacks the last oxygen required to extend the chain and contains a fluorescent tag.  If this is done separately for A, T, G and C, the molecules generated will fall into different categories of length that migrate at different sizes, which can be resolved successfully even if they are one base pair different in length.  Nowadays, most of this is automated, and a computer spits out the result.  APPLICATION is mostly to confirm/analyze sequences before further characterization is done.  This method, used to sequence many genomes, is a conclusive diagnostic for many diseases.

III. RFLP/Southern Blot is done to establish the uniqueness of a particular region of the genome.  It is pertinent that human euchromatin is coding for essential genes and as such has a low variation and mutation rate.  Conversely, human heterochromatin is noncoding and as such can tolerate a high variation and mutation rate.  So do all introns.  The noncoding regions allow the best chance of establishing a unique DNA fingerprint, and are best to examine in forensic or paternity cases.  STEPS: Cut sample with restriction enzymes, which cut at DNA palindromes.  Resolve the cut sample on a gel.  Initially compare the samples against related samples to look for similarities and differences.  Blot all samples to a membrane and probe for more specific sequences using radioactive DNA to compare the samples for a specific target code.  APPLICATION is forensics (crime scene analysis) or establishment of familial relations (paternity, maternity, ancestry), as well as quick genetic screening for some diseases.

IV. PCR is done using a heat-resistant DNA polymerase to sequentially amplify a region of DNA for further study.  STEPS exploit that replication requires primers, and proceeds 5’->3’.  Primers are synthesized or built to promote replication of even a single DNA molecule by a geometric expansion of three sub-steps: melt double stranded DNA, anneal flanking primers, synthesize or extend with Taq thermostable polymerase, repeat 20-30 times to isolate enough DNA for manipulation.  APPLICATION is broad.  It can be used to analyze disease, do targeted cloning, forensics and genetic analysis.  It is a precursor to most RFLP analysis of genomes, and the fact that Taq is not a super high fidelity polymerase introduces the possibility for error (remember 1/10,000 mistakes in replication).  This is why O.J. Simpson was exonerated even though the physical evidence against him was overwhelming, and why the techniques for RFLP have since become more refined and less prone to error.  CSI is not total fantasy these days.  The type of evidence possible with PCR (invented by Kary Mullis, who won the Nobel) and RFLP is being used today to free innocent people from jail and to find the criminals.

V. Chromosome “walking” for library characterization was a common method for genome characterization that was adapted for the private and public efforts to sequence the human genome. STEPS: An approach called “whole genome shotgun” is used to break the chromosomes of an organism into pieces.  They are then cloned into vectors for further characterization.  They can either be sequenced, or profiled.  The Human Genome effort would involve both, but would do automated sequencing of many overlapping pieces to puzzle out the whole continuous chromosome using computer algorithms.  The CSI people would perform PCR or RFLP to identify a region containing mutations in your favorite gene or familial pattern and localize it to a specific chromosome in a part of the genome.  Probes could then be developed to screen chromosome karyotypes for defects or aberrations.  The old method involved stepwise primer synthesis of overlapping segments of the chromosome based on adjacent sequence data.  APPLICATIONS are broad and can range from sequence analysis to screening and diagnosis.

V. Cloning an organism: The most publicized mammalian clone has been Dolly the ewe.  She was successfully cloned by livestock geneticists in Scotland, so it would be sensible to describe what they did: There were three varieties of sheep used.  The udder cell donor (somatic DNA), the egg cell donor (eggshell), and the surrogate (mother carrying baby) were all different coat colors.  The scientists used coat color as a “marker” to measure success, and did further characterization of the genome of the cloned offspring.  The baby Dolly clone was the same coat color as the udder donor.  Udder cell nuclei in a de-differentiated state from the donor sheep to be cloned were combined with enucleated egg cells from the other sheep.  Egg cell shells were fused with the udder nuclei, and zygote development was hormonally induced.  The zygote was implanted into the surrogate and successfully gestated. She was genetically profiled to confirm the result.  Baby Dolly was born and lived for 6 years, then died prematurely of “old age”, likely because she was the effective summed age of the ewe who donated somatic DNA to her.

Genetic Screening and Implications:

Amniocentesis and CVS: techniques for prenatal genetic screening involving karyotyping and a number of other analyses that exploit the above techniques.  ID of many conditions possible.

Genetic Screening and family counseling: combinations of almost all of the above techniques may indicate that the parents should undergo genetic profiling to help in family planning if they have predisposition to certain terrible conditions that they could pass on to offspring.

IVF and PGD: Genomic analysis of parents can reveal carrier status for many diseases.  The advantage of genetic screening is that parents who carry a certain disease and can afford in vitro fertilization IVF can select healthy embryos to implant by preimplantation genetic diagnosis (PGD), eliminating deadly recessive diseases like Cystic Fibrosis, Tay Sachs, Hemophilia, and Duchennes from their families completely.

Ethics:  Discuss this when you have time.  I’m exhausted!

