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Stable Transfection

Transfection is the process in which foreign DNA is introduced into eukaryotic cells through chemically-created "gates" in the cell wall. Transfection is crucial for viral infection as well as for cloning and other cutting-edge biological research.

In a few transfections, DNA enters the cell nucleolus and is added to or completely replaces the DNA of the eukaryotic cell. These are stable transfections. Only stable transfections allow the new DNA to be reproduced when the cell divides to create daughter cells. However, too few of these occur to allow for a true stable transfection; the tiny percentage of cells produced will soon die off and be replaced by cells with the original genetic material

Stable transfections that are experimentally useful are induced by co-transfecting another gene that can give the cell a selection advantage, typically resistance to a particular toxin. After mitosis, the cells produced are exposed to the toxin. The cells with the co-transfection -- and the transfection you originally wanted -- will survive, while most of the normal cells will die. After many rounds of mitosis and toxin, only cells with the resistance and the desired genetic change will survive.

Stable transfections are at the core of gene therapy. Only through a stable transfection can a faulty gene be permanently replaced.

Links:

http://www.protocol-online.org/prot/Molecular_Biology/Transfection/Stable_Transfection/ -- (scroll down for links to stable transfection protocols)
http://en.wikipedia.org/wiki/Gene_transfection 
References:
Gene Transfer to Animal Cells, Richard M. Twyman (ISBN 1859962041)
Viral Vectors for Gene Therapy: Methods and Protocols, Jules G. Constant, Curtis A. Machida (ISBN 1588290190)
Transient Transfection
In transfection, foreign DNA is introduced into eukaryotic cells. Almost every instance of this is transient transfection, in which the transfected gene is expressed only transiently, that is, in only the cell to which it was originally inserted and only for a short period of time. This process is the basis of gene replacement therapy.
In transient transfection, the gene introduced can be lost from the cell at any time depending on environmental factors. At the latest, the transient gene will be lost during cell mitosis; neither daughter cell will retain the transient gene. For a cell's genetic material to retain the gene introduced through transfection, a stable transfection mus occur.
Most transfection is accomplished either by microinjection of the foreign DNA into the cell, or through a chemical or biological reagent such as a calcium ion or liposome that creates a "gate" in the cell allowing the uptake of the foreign DNA through methods not yet understood by science.
Links:

http://www.pnas.org/cgi/content/short/90/18/8392 
http://en.wikipedia.org/wiki/Gene_transfection 
References:
Lateral DNA Transfer: Mechanisms and Consequences, Frederic Bushman (ISBN 0879696036)

DNA Transfer to Cultured Cells: Culture of Specialized Cells, Katya Ravid (Editor), R. Ian Freshney (Editor) (ISBN 0471165727)
Cell Transfection

Cell transfection is the introduction of foreign DNA into any eukaryotic cell. It is the basis of gene therapy and much modern genetic research.

Transfection is either transient or stable in nature. When foreign DNA is introduced, but is eliminated by the cell prior to or during mitosis, it is transient transfection. Much more rarely, foreign DNA is introduced and enters the cell nucleolus, adding to or replacing a portion of the cell's native DNA. This type of transfection transforms the cell so that the DNA change is duplicated during mitosis, and is called stable transfection. 

Through the use of chemical reagents and carefully-structured methodologies, researchers can induce enough stable transfections in cells to grow a cell culture with a desired genetic change. This is the core of gene therapy.

Cell transfection is accomplished through several different methods, including microinjection of foreign DNA into the cell or through the creation of a "gate" with a chemical or biological reagent. New and better methods for inducing cell transfections are invented every day.
Links:

http://www.promega.com/guides/transfxn_guide/default.htm 

http://en.wikipedia.org/wiki/Gene_transfection 
References:
Gene Delivery to Mammalian Cells(Methods in Molecular Biology Series): Volume 1: Nonviral Gene Transfer Techniques, William C. Heiser (Editor), John M. Walker (Editor) (ISBN 1588290867)

Gene Delivery to Mammalian Cells: Methods and Protocols, Vol. 2, William C. Heiser (ISBN 1588290867)
Transfection Reagents

Cell transfection, or the introduction of foreign DNA into a eukaryotic cell, is often accomplished using specially-developed transfection reagents. These reagents are either chemical or biological in nature.

One of the first, cheapest, and least reliable transfection reagents is chemical phosphate, administered as a combination of a calcium chloride solution with the desired DNA and a HEPES-buffered saline solution containing phosphate ions. The DNA is delivered when calcium phosphate precipitates and binds the DNA to the surface of the eukaryotic cell wall. The cell absorbs the precipitate, and the DNA goes in with it. This is only one of a number of transfection reagents that work in similar ways.

Biological reagents can also be used for transfection. Dendrimers, highly-branched organic compounds, bind the foreign DNA to the cell to be infected in the same way as chemical reagents. Liposomes have proven to be an effective transfection reagent as well; instead of binding and being absorbed, liposomes fuse with the cell membrane, releasing the DNA they carry into the cell in the process.

Other methods of introducing DNA into a cell involve "gene guns," which shoot inert solid nanoparticles (eg, gold) bound with the foreign DNA into the cell's nucleus; using viruses as carriers of desired DNA; and even direct microinjection of DNA into the nucleus.

Links:

http://www.biocompare.com/jump/1142/Cell-Line-Transfection-Reagents.html 

http://www.biocompare.com/jump/1330/Transfection-Reagents.html
References:
Synthetic DNA Delivery Systems, Dan Luo, W. Mark Saltzman (Editor) (ISBN 0306477017)

Gene Transfer to Animal Cells, Richard M. Twyman (ISBN 1859962041)
siRNA Transfection

Small/short interfering RNA (siRNA) transfection is an exciting new method for introducing foreign genetic information by inducing RNA interference. siRNA works by silencing key sequences on messenger RNA, which turns off specific genes by cleaving to them on the RNA strand.
When RNA transfection was first used, double-strand RNA (dsRNA) was the chosen method of delivery; researchers soon found that dsRNA elicits a viral response, and grows less effective over time. siRNA is dsRNA chemically cut into specific segments so that the entire strand or a portion of the dsRNA can cleave to the mRNA without causing a viral response.

siRNA transfection is the introduction of the siRNA into the cell through chemical and biologic reagents. While in more primitive life forms like Drosophila, the dsRNA can often be used without a problem, in mammalian cells most researchers prefer to introduced prepared siRNA directly into the cells with reagents.
siRNA transfection is currently being researched as a means to deliver designer transfection into cancer cells targeting the faulty DNA directly, but there is no doubt it will be valuable in treating thousands of ailments.

Links:

http://www.qbiogene.com/products/transfection/app-sirna.shtml 
http://rnainterference.org/ 
References:
RNA Interference 'RNAi': Nuts and Bolts of RNAi Technology (Nuts and Bolts Series), David R. Engelke (ISBN 0966402782)

Ribozymes and siRNA Protocols, Mouldy Sioud (Editor) (ISBN 1588292266)
Transfection Methods

Cell transfection, or the introduction of foreign DNA into a cell, can be accomplished chemically, biologically, or mechanically. Current methods include electroporation, use of a virus vector, lipofection, gene guns, and microinjection. 
Electroporation uses electricity to increase the permeability of the eukaryotic cell wall, allowing foreign DNA to pass easily inside. This method is good for infecting large numbers of cells at once, but may alter cell phenotype. A virus vector causes little cell damage and can deliver a wide variety of DNA, but it too can alter phenotype. Lipofection, which delivers DNA by fusing to the cell wall and allowing its DNA payload to be absorbed into the cell, has a similar problem and is more limited in the DNA it can deliver.

The mechanical methods of manual microinjection and gene guns carry a risk of destroying the cell, but they are both excellent ways to deliver DNA to a specified target. Gene guns are limited in the number of cells at one time they can be used on. Microinjection is very precise, but it too can be slow and requires real operator skill. Microinjection, however, is a very promising methodology and may be used much more in the future. Even better, manual microinjection is rapidly being replaced by highly-efficient machine microinjections.
Links:

http://www.fujitsu.com/us/services/solutions/lifesci/offerings/cellinjector/index_2.html 

http://www.roche-applied-science.com/fst/transfection.htm?/sis/fugene/scientific_information/transfection_methods.htm
References:
Gene Therapeutics: Methods and Applications of Direct Gene Transfer, Jon A. Wolff (ISBN 0817636501)

Gene Delivery to Mammalian Cells(Methods in Molecular Biology Series): Volume 1: Nonviral Gene Transfer Techniques, William C. Heiser (Editor), John M. Walker (Editor) (ISBN 1588290867)

Spectroscopy

Spectroscopy, once confined to the study of stellar matter, has become the foundation of modern understanding of the electromagnetic force as well as the strong and weak nuclear forces. It is the use of devices to enable the study of light and/or radiation absorption and emission by matter. By studying these processes, their patterns, and how wavelength is interdependent on radiation, interactions at particle level can be examined and understood.

Spectroscopic analysis has enabled modern physicists to develop new fundamental physical theories and test and refine the old ones. Spectroscopy has been crucial in the modern understanding of quantum mechanics, special and general theories of relativity, and quantum electrodynamics as well as the forces within the atom itself.. 

Spectroscopic techniques are exceedingly sensitive, with the ability to identify a single atomic isotope among 1020 atoms of differing type. These techniques have been applied to almost every technical and scientific field today. Spectroscopy is used to examine the gigantic – the remnants of the Big Bang – as well as the minute – collision interactions within the atom.
Links:

http://www.s-a-s.org/  

http://www.spectroscopymag.com/spectroscopy/ 
References:
Spectroscopy for the Biological Sciences, Gordon G. Hammes, Leonard D. Spicer (ISBN 0471713449)

Molecular Spectroscopy, Jeanne L. McHale (ISBN 0132290634)

Raman Spectroscopy

Raman spectroscopy takes advantage of the Raman effect to study low-frequency modes in a system like vibration and rotation. The Raman effect is the scattering of a photon due to a specific disturbance (for example, in a gas, Raman scattering happens when molecular vibrational, rotational, or electronic energy changes). Most of the photons scattered have the same frequency and wavelength as incident photons; but about 1 in 107 are scattered at frequencies that are different, generally lower.
In Raman spectroscopy, a laser beam shines on the sample, and the resulting light focused and put through a monochromator. Wavelengths close to the original laser are eliminated, and those in a specific spectral window dispersed to a detector. Holographic diffraction gratings and multiple dispersion stages create a higher degree of laser rejection. At the end, a photon-counting photomultiplier tube or CCD camera detects the scattered light
The three main advantages of Raman spectroscopy over other types of spectroscopy are that you don't have to pretreat your samples; Raman spectroscopy is not interfered with by water, and samples are not destroyed in the process. It also gives near-instantaneous results. This makes it very valuable when examining biological samples.
Raman spectroscopy is often used in chemistry to identify substances or to study changes in chemical bonding, such as when a substrate is added to an enzyme. A major application is in medicine for real-time monitoring of anesthesia and physical signs.

Links:

http://www.kosi.com/raman/resources/tutorial/ 

http://www.chemsoc.org/exemplarchem/entries/2004/birmingham_jones/raman.html 
References:
Handbook of Raman Spectroscopy: From the Research Laboratory to the Process Line, Ian R. Lewis, Howell G. Edwards (Editor), Edwards Howell G. M. (Editor) (ISBN 0824705572)

Modern Techniques in Raman Spectroscopy, J. J. Laserna (Editor) (ISBN 0471957747)

Mass Spectrometry

Mass spectrometry or spectroscopy uses mass spectrometers and mass spectrographs to  identify chemical substances by analyzing the ions in electromagnetic fields according to mass-to-charge ratios. In other words, it measures their mass and their charge and determines what substance and isotope they are based on those two variables and some constants. 
Mass spectrometers, the most commonly used tool, detect charged particles electrically, while the mass spectrograph uses photographic or other nonelectric methods. These spectroscopes are composed of: a high-vacuum system; a system to handle the sample to be measured; an ion source; an analyzer for the separation of beam into components; and a detector/receiver, where the beam components are observed and/or collected.

Mass spectrometry has been crucial since the dawn of modern chemistry and physical chemistry, and continues to be important today in dozens of applied science fields. In medical technology, for instance, it's used to measure concentration of isotopes when they're used as tracers in tests or in the administration of drugs.
Links:

http://www.i-mass.com/ 
http://chipo.chem.uic.edu/web1/ocol/spec/MS.htm 

References:
Mass Spectrometry: Principles and Applications, Edmond de De Hoffmann, Edmond de Hoffmann, Vincent Stroobant (ISBN 0471485667)

Mass Spectrometry Basics, Christopher G. Herbert, Johnstone, David P. Schulz (ISBN 0849313546)

Infrared Spectroscopy (FTIR)

Infrared spectroscopy is a type of absorption spectroscopy that uses the infrared portion of the electromagnetic spectrum to examine samples. It is used primarily to measure covalent bonds, and is of great use in organic chemistry.
Infrared spectroscopy can detect the harmonic approximations of a molecule – the combinations of the six different ways covalent bonds can vibrate. In order for a sample to be examined, it must be prepared; liquid samples between two plates of pure salt (which means the sample must be anhydrous), and solid samples crushed and blended with liquid paraffin or potassium bromide so that the spectrometer beam can pass through them.
Once the sample is prepared, a beam of infrared light split into two beams is produced, one beam passing through the sample and the other through a neutral reference. The two resulting beams are passed through a detector and compared.

Infrared spectroscopy is a simple, reliable method for research and industry applications of measurement, quality control, and dynamic measurements. Instruments are small and portable and can even be used in field research. 
Links:

http://www.idrc-chambersburg.org/ 

http://chipo.chem.uic.edu/web1/ocol/spec/IR.htm 
References:
Infrared Spectroscopy: Fundamentals and Applications, Barbara H. Stuart (ISBN 0470854286)

Infrared Spectroscopy: Experimentation and Applications, Barbara H. Stuart (ISBN 0470854278)

Absorption Spectroscopy

Absorption spectroscopy is used in chemistry and physics to identify the characteristic and unchanging absorption spectrum for specific elements and compounds. The absorption of quanta of light by substances is determined by the promotion and demotion of electrons to and from atomic and molecular orbitals, and the measured wavelengths are individual and unique to each substance. 
In absorption spectroscopy, x-rays can be used to reveal the chemical composition of a substance, and different isomers are revealed by near ultraviolet to near infrared wavelengths. Absorption spectra are measured with a spectrophotometer. This disperses transmitted light with a diffraction grating to measure the relative strength of  each band in the absorption spectrum of a substance. 
When preparing a sample, visible light absorption can be measured through anything that is clear – polystyrene, quartz, and pyrex are commonly used for sample preparation. Outside the visible spectrum, samples are generally prepared with sodium chloride plates, which means that the sample cannot be dissolved in anything that dissolves salt. Mineral oil and potassium bromide are common substitutes.
Links:

http://www.shu.ac.uk/schools/sci/chem/tutorials/molspec/uvvisab1.htm 

http://www.bookrags.com/sciences/chemistry/absorption-spectroscopy-woc.html 
References:
Atomic Absorption Spectrometry: Theory, Design and Applications, S.J. J. Haswell (ISBN 0444882170)

Atomic Absorption Spectroscopy: Applications in Agriculture, Biology and Medicine, Gary D. Christian, Fredric J. Feldman (ISBN 0882757970)
