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Chapter 18 – Techniques in Cell and Molecular Biology

18.1 The Light Microscope
· Condenser lens  gathers diffused rays from light source and illuminates the specimien.
· Objective lens  collects the light rays focused on the specimen by the condenser lens
· Ocular lens  uses the image formed by the objective lens to make an enlarged and virtual image.
· Resolution
· Visibility
· Factors that allow an object to actually be observed.
· Bright-field microscope  uses a bright background against which the image of the specimen must be contrasted.
· Preparation of specimens for BF microscopes
· Whole mount = an intact object (living or dead)
· Section = a thin slice of tissue.
· To prep need to kill the cells in a fixative which immobilizes the tissue in a phase/spot.
· Phase-contrast microscopy
· PH microscope makes highly transparent objects more visible.
· Causes light rays from two sources to interfere with one another.
· Is a type of interference microscope.
· DIC – differential interference contrast OR Nomarski interference; gives 3D quality.
· Fluorescence microscopy & related techniques
· Allows viewers to see the location of certain molecs called fluorophores or fluorochromes.
· Fluorophores absorb invisible, UV radiation and release a portion of the energy in the more visible spectrum.
· Earliest application = immunofluorescence = a small fluorophore is covalently linked to an antibody.
· GFP = green fluorescent protein; doesn’t need an additional cofactor to absorb and emit. Does it by self-modification.
· Used in FRET (fluorescence resonance energy transfer) to measure distances btw fluorophores. Ex. measure changes in distance btw two parts of a protein.
· DsRed = distantly related red fluorescent tetrameric protein.
· Laser scanning confocal microscopy: Marvin Minsky;
· produces an image of a thin plane situated within a much thicker specimen.

18.2 Transmission Electron Microscopy (TEM)
· TEMs form images using electrons that are transmitted through a specimen.
· Much better resolution than light microscope.
· 1000x-250,000x resolution.
· S(scanning)Ems utilize electrons that have bounced off the surface of the specimen.
· Specimen prep:
· Need to be fixed, embedded, and sectioned but more critical to get right.
· Used osmium tetroxide as a fixative. Is a heavy metal.
· After fixation the water is removed by dehydration in alcohol.
· Cut less than 0.1 um.
· PAGE 743.
· Can also cryofixate the cells and tissues instead of using plastic resins.
· Problem is the formation of ice crystals
· Frozen sections can be prepared much quicker and thus are very useful when a tumour can be determined whether it is malignant while the patient is still on the operating table.
· Can make a 3D image called a TOMOGRAM  using cryoelectron tomography.
· Negative staining
· Use to get sufficient contrast to view. Heavy-metal deposits are collected everywhere on a specimen grid except where the particles are present. So the particle stands out in its relative brightness.
· Shadow Casting
· Heat a heavy metal so it evaporates and deposits a metallic coat over the surfaces. As the metal is deposited on the surfaces facing the filament, the opposite surface stays uncoated. The areas in shaow appear bright.
· Freeze-fracture replication and freeze etching
· Freeze-fracture relplication: freeze tissue on a metal plate in liquid Freon and liquid N2.
· Put it in a vacuum then strike it with a knife edge to fracture it across which leaves mounds and valleys to observe.
· Freeze-etching = the frozen fractured specimen can be exposed to a vacuum at a higher temperature so the ice disappears then coat it with metal for a high resolution image.

18.3 Scanning Electron and Atomic Force Microscopy
· SEM used mainly to examine the surface of objects ranging in size from a virus to an animal head.
· Have the specimen devoid of fluid so can observe under a vacuum.
· Use critical-point drying.
· TEM have the electrons pass through the specimen to form the image.
· SEM the image is formed by the electrons that are reflected back from the specimen (backscattered)
· Atomic force microscopy
· Not an electron microscope.
· Us a small oscillating beam.
· Follow activity over real time.
· Called “lab on a tip”

18.4 The Use of Radioisotopes
· Identity of atom determined by # of protons. # of neutrons can change which forms Isotopes
· Of the 3 isotopes of Hydrogen (0, 1, 2 neutrons) only the one with 2 neutrons is radioactive (tritium 3H)
· Half-life = a measure of its instability.
· Alpha particle = two protons, two neutrons and is equivalent to the nucleus of a helium atom.
· Beta particle = equivalent to an electron
· Gamma radiation = consists of electromagnetic radiation or photos.
· Most commonly used ones are beta emitters which are monitored by 2 different methodologies:
· Liquid scintillation spectrometry
· Measures the amount of radioactivity in a given sample.
· Autoradiography
· Broad based technique used to determine where a particular isotope is located, whether in a cell, a gel, or on a nitrocellulose filter.
· Is used to localize radioisotopes within tissue sections that have been immobilized on a slide or TEM grid.

18.5 Cell Culture
· Tissue culture media first step = obtain the cells
· Secondary culture: cells are derived from a previous culture
· Primary culture: cells are directly from the organism
· Most obtained from embryos
· Dissociation achieved by a proteolytic enzyme  ex. Trypsin
· Cell line: cells that have genetic modifications so they grow indefinitely. Can become malignant if in a susceptible organism.
· Callus = an undifferentiated clump of cells which can be induced to develop shoots from which a plant can regenerate.

18.6 The fractionation of a cell’s contents by differential centrifugation
· Isolation of a particular organelle in bulk quantity can be done by differential centrifugation depending on the principle that, as long as they are more dense than the surrounding medium, particles of a different size and shape travel toward the bottom of a centrifuge tube at different rates when placed in a centrifugal field.
· Cells broken 1st by using a mechanical homogenizer.
18.7 Isolation, Purification, and Fractionation of Proteins
· Purification of a protein is performed by the removal of contaminants.
· Purification is measured as an increase in specific activity, which is the ration of the amount of that protein to the total amount of protein present in the sample.
· Use some feature to make an assay to determine the relative amount in the sample.
· Selective Precipitation
· The solubility of a protein are mainly determined by the distribution of hydrophilic and hydrophobic side chains on its surface. 
· A proteins solubility in a given solution depends on the relative balance btw protein-solvent interactions, which keep it in solution, and prot-prot interactions, which cause it to aggregate and precipitate from solution.
· Most commonly used salt for selective protein precipitation = ammonium sulfate.
· Liquid column chromatography
· Chromatography = a variety of techniques in which a mixture of dissolved components is fractionated as it moves through some type of porous matrix.
· two alternate phases:
· mobile phase – a moving solent
· immobile phase – consisting of the matrix through which the solvent is moving.
· the greater affinity of a particular protein for the matrix material, the slower its passage through the column. b/c different proteins in the mix have different affinity for the matrix, they are retarded to different degrees.
· The solvent is collected as fractions in a series of tubse.
· Ion-exchange chromatography
· Proteins are large poly-valent electrolytes.
· Overall charge of a protein is a summation of all the individual charges of its component AAs. B/c the charge of each AA depends on the pH of the medium, the charge of each prot also depends on the pH.
· pH lowered = -vely charged groups become more enturalized and +vely charged groups b/c more numberous.
· The opposite occurs as pH is increased.
· Isoelectric point = when the total # of –ve charges equals the total # of +ve charges.
· Gel filtration chromatography
· Separates proteins/nucleic acids on the basis of their effective size.
· Affinity chromatography
· Most techniques discussed use the bulk properties of a protein to effect purification or fractionation.
· THIS one uses the unique structural properties of a protein, allowing one protein species to be specifically withdrawn from solution while all others remain behind.
· Determining protein-protein interactions
· One way to learn the function of a protein is to identify the proteins with which it interacts.
· Can use affinity chromatography or another technique with ANTIBODIES.
· Most common = yeast two-hybrid system
· Stanley Fields and Ok-kyu Song.
· Depends on the expression of a reporter gene (ex. Lac Z (B-galactosidase).
· Yeast two-hybrid system: technique used to search for prot-prot interactions. It depends on the expression of a reporter gene such as B-galactosidase, whose activity is readily monitored by a test that detects a colour change when the enzyme is present in a population of yeast cells.
· Researchers are able to ‘fish’ for proteins encoded by unknown genes that are capable of interacting with the ‘bait’ protein.
· Useful for screening large numbers of proteins.
· Polyacrylamide Gel Electrophoresis (PAGE) the prots are driven by an applied current through a gelated matrix.
· Electrophoresis depends on the ability of charged particles to migrate when placed in an electric field.
· Matrix is forms a molecular sieve.
· Voltage is applied btw the buffer compartments, and current flows across the slab, causing the proteins to move toward the +vely charged anode at the opposite end of the gel.
· The movement of the prots depends on the charge density of the molecs. The greater the charge density, the more forcefully the prot is driven through the gel, and thus the more rapid its rate of migration.
· Size and shape are also important in PAGE fractionation.
· The larger the prot, the more it becomes entagled = slower migration.
· Shape  globular proteins move more rapidly than fibrous proteins of a similar mass.
· The concentration of acylamide used in making the gel is also important b/c the lower the concentration of acrylamide, the less a gel will become cross-linked, and the more rapidly a prot molec migrates.
· if prots are radioactively labeled, can determine their locations by pressing the gel against a piece of x-ray film to produce an audioradiograph.
· SDS-PAGE
· Usually use the –vely charged detergent sodium dodecyl sulfate (SDS), which binds in large numbers to many prot molecs.
· The electrostatic repulsion btw the bound SDS molecs causes the prots to unfold into a similar rod-like shape, thus eliminating differences in shape as a factor in separation.
· Thus proteins can be compared based on molecular mass.
· Two dimensional gel electrophoresis
· Patrick O’Farrel.
· Fractionate complex mixtures of prots using two different properties of the molecs.
· Separate using isoelectric focusing (based on isoelectric point).
· Technique is NOT suitable for distinguishing among proteins that have high molecular mass, that are highly hydrophobic, or that are present at very low copy numbers per cell.
· Protein measurement and analysis
· One of simplest methods = measure the amount of light of a specific wavelength that is absorbed by that solution. Use a spectrophotometer
· Only Tyrosine and Phenylalanine absorb light in the UV range with an absorbance at approx. 280 nm.
· Mass Spectrometry (MS)
· Used primarily to measure the masses of molecs, determine chemical formulas and molec structure, and ID unknown substances.
· Do this by converting the substances in a sample into +vely charged, gaseous ions, which are accelerated through a curved tube toward a –vely charged plate. Ions passing through the pole are subjected to a magnetic field that separates them according to their molecular mass (or mass-to-charge ration).
· Using MS, protein biochemists can rapidly ID prots present in a particular type of cell, organelle, or prot complex.
· Usually digest protein sample with Trypsin.
· Matrix-assisted laser desorption ionization (MALDI) – prot sample is applied as part of a crystalline matrix, which is irradiated by a laser pulse. Energy of the laser excites the matrix and the absorbed energy converts the peptides into gaseous ions.
· Electrospray ionization (ESI) – an electric potential is applied to a peptide solution, causing the peptides to ionize and the liquid to spray as a fine mist of charged particles that enter the spectrometer

18.8 Determining the structure of proteins and multisubunit complexes
· X-ray crystallography (x-ray diffraction)  utilizes protein crystals, which are bombarded with a fine beam of x-rays.
· the radiation that is scattered/diffracted by the electrons of the protein’s atoms strikes an electron-sensitive detector placed behind the crystal. The diffraction pattern produced by a crystal is determined by the structure within the protein.
· Myoglobin was the 1st protein whose structure was determined by x-ray diffraction.
· Well suited for determining the structure of soluble proteins that lend themselves to crystallization, but can be very challenging for the study of complex multi-subunit structures, such as ribosomes or proteasomes, or for membrane proteins, where it is difficult to obtain the 3D crystals required for analysis.
· Alternate approach = electron cryomicroscopy (or cryo-EM)
· The particles are placed on a grid and rapidly frozen in a hydrated state in liquid nitrogen without being fixed or stained.
· [bookmark: _GoBack]Single particle reconstruction: technique useful for capturing images of a structure, such as a ribosome, at different stages during a dynamic process, such as the elongation step of prot synthesis. 

18.9 Fractionation of Nucleic Acids
· Any systematic fractionation method must exploit differences between members of a mixture to effect separation.
· Separation of DNAs by Gel electrophoresis
· Small RNA or DNA molecs of a few hundred nucleotides or less are generally separated by polyacrylamide gel electrophoresis. Larger molecs can’t get through the gel.
· Agarose is a polysaccharide extracted from seaweed; it is dissolved in hot buffer, poured into a mold, and caused to gelate by just lowering the temp.
· Use pulsed-field electrophoresis to separate DNA molcs >25kb in which the direction of the electric field in the gel is periodically changed, which causes the DNA molecs to reorient themselves during their migration.
· Then soak the gel in a solution of stain such as ethidium bromide (causes the DNA bands to appear fluorescent when viewed under the UV light.
· Very high sensitivity.
· Separation of nucleic acids by ultracentrifugation
· The tendency for molecs to become concentrated during centrifugation is counteracted by the effects of diffusion which causes the molecs to become redistributed in a more uniform (random) arrangement.
· Velocity sedimentation
· Sedimentation velocity = the rate at which a given molec moves in response to centrifugal force in a centrifuge.
· S unit = named after Svedberg who invented the centrifuge.
· Velocity (or rate-zonal) sedimentation = nucleic acid molecs are separated according to nucleotide length.
· the greater the sedimentation coefficient, the farther a molec moves in a given period of time.
· NOTE: centrifugation never reaches equilibrium.
· Equilibrium centrifugation 
· When nucleic acids are separated on the basis of their buoyant density.
· Can use heavy metal cesium and after a time they will separate and the buoyancy of the DNA will move it up.

18.10 Nucleic Acid Hybridization
· NAH = based on the observation that two single stranded nucleic acid molecules of complementary base sequence can form a double-stranded hybrid.
· Southern blot
· Northern blot
· Can use biotin to covalently link to the DNA backbone (is used as a label)

18.11 Chemical synthesis of DNA
· H. Gobind Khorana  succeeded in synthesizing a complete bacterial tyrosine tRNA gene.
· Can replace the previously deficient function that has mutations of tRNA.
18.12 Recombinant DNA Technology
· Recombinant DNA = molecs containing DNA sequences derived from more than one source.
· Can be used in the: isolation from the genome of a particular segment of DNA that encodes a particular polypeptide.
· Restriction endonucleases
· Type II Res = recognize short nucleotide seqeuecnes within the duplex DNA and cleave the DNA backbone at specific sites on both stands.
· Can destroy viral DNA that might enter the cell.
· Formation of recombinant DNAs
· Make staggered ends that leave single strand tails (sticky-ends) that can bind a complementary ss tail on another DNA molec.
· Use restriction enzymes to open plasmid and DNA.
· DNA Cloning
· Technique used to produce large quantities of a specific DNA segment
· The DNA segment to be cloned is first linked to a vector DNA, which is a vehicle for carrying foreign DNA into a suitable host cell.
· The vector contains sequences that allow it to be replicated within the host cell.
· TWO TYPES OF VECTORS
· (1) the DNA segment to be cloned is introduced into the bacterial cell by joining it to a plasmid, then causing the bacterial cells to take up the plasmid from the medium.
· (2) the DNA segment is joined to a portion of the genome of the bacterial virus lambda, which is the nallowed to infect a culture of bacterial cells, producing a lot of viral progeny, each of which has the foreign DNA segment.
· Cloning Euk DNAs in Bacterial plasmids.
· Avery, Macleod, and McCarty first showed that bacterial cells can take up DNA from their medium.
· Most common technique = adding recombinant plasmids to a bacterial culture that was pretreated with calcium ions. Give a brief heat shock and then the bacteria are stimulated to take up some of the DNA from the medium.
· REPLICA PLATING = allows one to prep numerous dishes containing representatives of the same bacterial colonies in precisely the same position on each dish.
· Invert petri dish over filter paper so some cells transfer then use that to transfer to a new petri.
· Cloning Euk DNAs in phage genomes
· Use bacteriophage lambda  linear; dsDNA; approx 50kb length.
· Has all essential info for infection and cell lysis in two outer segments so can replace the middle part with euk DNA.
· A clear spot/or plaque in the bacterial “lawn” is visible at the site of infection.
· Is good as a cloning vector b/c:
· (1) the DNA is nicely packaged in a form in which it can be readily stored and easily extracted.
· (2) virtually every phage containing a recombinant DNA is capable of infection a bacterial cell; and
· (3) a single petri dish can accommodate more than 100k different plaques.	

18.13 Enzymatic amplification of DNA by PCR
· Kary Mullis  polymerase chain reaction = amplify specific DNA fragments without the need for bacterial cells.
· Can readily adapt it to RNA templates by first converting them to complementary DNAs using reverse transcriptase.
1. Make a reaction mixture with the target DNA sequence to be amplified, two primers, and heat-resistant polymerase (Taq polymerase)
2. Heat the mixture to separate the strands of the DNA.
3. Cool it to allow the primers to hybridize to complementary sequences in target DNA.
4. Polymerase extends complementary strands from primers.
5. First synth cycle results in two copies of target DNA sequence.
6. Repeat process to then get 4 copies and so on.
· Applications of PCR
· Amplifying DNA for Cloning or Analysis
· PCR can generate large amounts of DNA from minuscule samples.
· Use in criminal investigations to amplify a small sample.
· Testing for the presence of specific DNA sequences
· Nucleic acid is isolated from the same and PCR primers complementary to the viral DNA are added, along with other PCR reagnats.
· If the virus genome is present in the sample, the PCR primers will hybridize to it and the PCR reaction will generate a product. 
· If the virus is NOT present, the PCR primers will not hybridize and no product will be generated. PCR = a detection system here.
· Comparing DNA molecules
· Quantifying DNA or RNA templates

18.14 DNA Sequencing
· FREDERICK SANGER  sequenced a viral genome in 1977.
· By 2001 the rough draft of the human genome was published.
· 1980 = sequencing method by Sanger and A.R. Coulson  Sanger-Coulson method.
· Use similar to PCR with ddGTP,ATP,CTP,TTP.
· 2d generation sequencing/massively parallel sequencing  don’t need to clone pieces of the genome in yeast or bacteria.
18.15 DNA Libraries =  collections of cloned DNA fragments
· Two basic types:
· Genomic libraries
· Produced from total DNA extracted from nuclei and contain all of the DNA sequences of the species.
· Production: DNA is treated with one or two restriction enzymes that recognize very short nucleotide sequences under conditions of low enzyme concentration; therefore only a small amount of susceptible sites are actually cleaved.
· Use HaeIII (Recognizes GGCC)
· Use Sau3A
· Digest the DNA then fractionate by gel electrophoresis or density gradient centrifugation
· Advantage of randomly cleaved DNA = b/c it generates overlapping fragments that can be used in the analysis of regions of the chromosome extending out in both directions from a particular sequence
· THIS IS CALLED CHROMOSOME WALKING
· Yeast artificial chromosome = a vector that can accept segments of foreign DNA as large as 1000kb.
· Are constructed to contain (1) a gene whose encoded product allows those cells containing the YAC to be selected from those that lack the element and (2) the DNA fragment to be cloned)\
· Bacterial artificial chromosome (BAC) = also able to accept large foreign DNA fragments (up to 500kb)
· are specialized plasmids.
· Advantage b/c are cloned in E.coli.
· cDNA libraries
· derived from DNA copies of an RNA population. Typically produced from messenger RNAs present in a particular cell type and thus correspond to the genes that are active in that type of cell.
· Important to the analysis of gene expression and alternative splicing.
· Can also use the purified cDNA as a shortcut in determining the AA sequence of a polypeptide.
18.16 DNA Transfer into Euk cells and mammalian embryos
· Easy way to do so = use a virus 
· Transduction = viral mediated gene transfer.
· Transfection = introduce naked DNA into cultured cells.
· Transgene = the gene that has been stably incorporated into a cellular genome by the process of transfection.
· 2 other procedures to transfect cells:
· Electroporation
· The cells are incubated with DNA in special vials that contain electrodes that deliver a brief electric pulse. Application of the current causes the plasma membrane to become transiently permeable to DNA molecs and some make teheir way to the nucleus and become integrated into the chromosomes.
· Lipofection
· Cells are treated with DNA that is bound to +vely charged lipids that are capable of fusing with the lipid bilayer of the cell membrane and delivering the DNA to the cytoplasm.
· Can also ust microinject DNA right into the nucleus.
· Transgenic animals = animals that have been genetically engineered so that their chromosomes contain foreign genes.
· 1981 Ralph Brinster & Richard Palmiter introduced a gene for rat growth hormone into fertilized eggs of mice.
· Animal models  = lab animals that exhibit a particular human disease that they normally would not get.

18.17 Determining euk gene function by gene elimination or silencing
· Reverse genetics = determining phenotype (function) based on the knowledge of genotype.
· In vitro mutagenesis
· Mutate a gene and then observe the resulting phenotypic changes.
· Site-directed mutagenesis (SDM)  Michael Smith  can make very small, specific changes in DNA sequence (ex. sub one base for another) and see what change is made.
· Knockout Mice
· Lack a functional copy of a particular gene.
· Born b/c of experiment.
· 1980s discovered by Mario Capecchi and Oliver Smithies.
· Take some embryonic stem cells, transfect them with DNA containing the mutant gene. Grow the cells then transfect them into the host blastocyst. You get a ‘Chimeric’ mouse with a black and brown pigmented coat. The offspring are produced by mating two of these heterozygotes and picking out the X-/- homozygotes.
· RNA interference  is a process in which specific mRNA is degraded due to the presence of small ds siRNA whose sequence is contained within the mRNA sequence.

18.18 The Use of Antibodies
· Antibodies are proteins produced by lymphoid tissues in response to the presence of foreign particules/antigens.
· Very specific
· Antiserum – can be tested for its antibody titer and from which the immunoglobulins can be purified.
· An antiserum that has a variety of immunoglobulins that bind to the same antigen is said to be POLYCLONAL.
· MONOCLONAL ANTIBODY
· Single colony of cells.
· Milstein and Kohler combind the properties of malignant myeloma cells and antibody producing lymphocyte.
· Humira = first fully human antibody; treats rheumatoid arthritis.
· Direct immunofluorescence: technique for the intracellular localization of an antigen, in which antibodies are conjugated with small fluorescent molecules to form derivatives that are then incubated with the cells or sections of cells. The binding sites are then visualized with the fluorescence microscope.
· Indirect immunofluorescence: variation of DI in which cells are treated with an unlabeled antibody, which is allowed to form a complex with the corresponding antigen. The location of the antigen-antibody couple is then revealed in a second step using a preparation of fluorescently labelled antibodies whose combining sites are directed against antibody molecules used in the first step.
