ANALYTICAL METHODS OVERVIEW:  APPLICATIONS & POINTS TO CONSIDER

	Test Method
	Application



	Chromatography
	

	General comments
	All chromatographic separation is based on the relative retention of a solute (compound of interest) to a solid phase as a solvent (liquid phase) passes over it.  The solvent may be gas (as in GC) or a liquid (as in LC).  Variations in molecular weight (size) and charged (polarity) species will impact their relative attraction to the solid phase vs. the liquid phase.  Elution peaks are noted as the relative retention time (RRT) of the major compound of interest measured in time from the start of the solvent front.  The order of elution tends to remain highly conserved across systems if there are no changes to solid phase or solvent systems.  Some changes in flow rate may enhance resolution, however, changes in solid phase or solvent polarity may charge species differentially and impact the order of elution as well as resolution.  

Gas chromatography employs heated gas as the liquid phase.  Thermal desorption is a feature of GC analysis that assumes the analyte of interest is adsorbed by some material that upon heating, will free the analyte.  This application is widely used for environmental analysis, fuel sources, foods, and pharmaceuticals – as well as polymers and numerous consumer goods.  The heat applied must be enough to volatilize the organic compounds without degrading them or producing unwanted artifacts.  A chief advantages of GC thermal desorption allow analysis of complex materials without a solvent and automated sample preparation.

HPLC typically uses a liquid buffer that may be comprised of any or all of the following:  acetonitrile, TRIS, methanol, or other alcohols (e.g., butanol).  Two major solvent types are used:  isocratic (where the buffer composition does not change) and gradient buffers (where shifts in pH or solvent composition may hasten elution from the solid phase).  Gradient buffers are typically used to elute a compound of interest after adequate separation on the column – that is, using the high affinity of the solute for the solid phase may be advantageous for high purity separation.  Some gradient buffers may also be used to boost elution times and make the number of runs more feasible within a shift.  For example, doing system suitability with 120-minute elution times is hard for a single shift but can be shortened to 45 minutes or less with gradient buffers.  

Buffers are typically degassed (or de-aerated) to reduce formation of bubbles under the HPLC conditions, which damage the detection sensors or obliterate the reading, necessitating a re-establishment of system suitability.  Buffers are also usually filtered to prevent undissolved components from gumming the column and/or detector.  Typical component of HPLC method validation is to assess stability in buffer solutions for up to 96 hours.

Detectors are commonly hooked in tandem, such as GC-MS (mass spectroscopy).  A commonly used detector for HPLC is UV-VIS detection, since UV205 and UV280 (205 nm and 280 nm, respectively) and commonly employed for proteins, peptides, and nucleic acid detection.  UV210-220 is detection level for peptide bonds; UV280 is detection level for proteins with aromatic residues (e.g., tryptophan).  HPLC detector lamps may be deuterium, tungsten, or xenon types and employ variable wavelengths.  Other detectors include flame-ionization (FID), 

While this discussion is restricted to analytical applications, the use of chromatographic separation in downstream purification is focused on clean-ability, dynamic capacity, and lifetime of a resin – which is reflected in stability to harsh cleaning and storage conditions.  See attached articles on regulatory considerations in the development and validation of chromatographic methods, as well as column selection.

  


	Chromatography
	

	Reverse Phase (RP-HPLC)
	What distinguishes reverse phase from ‘normal phase’ is that normal phase depends on solute migration via partitioning in the solid phase and separation by the solvent phase.  Since large polypeptides can’t ‘partition’ through the stationary phase like smaller compounds, they adsorb onto the hydrophobic phase until the organic phase elutes them off the column.  The result is a quick elution with sharp peaks and high resolution.  RP-HPLC has excellent resolution for analysis of peptides, proteins, and peptide fragments.  For example, RP-HPLC is sensitive enough to resolve insulin variants or oxidized/deamidated species of glucagons-like peptide (GLP-1).  Common ion-pairing agents include TFA (trifluoroacetic acid) HFBA (heptafluorobutyric acid), phosphoric acid, TEAP (triethylamine phosphate).  Commonly used organic modifiers include:  acetonitrile, isopropanol, ethanol.

C4 columns are used for polypeptides > 4-5,000 MW and very hydrophobic polypeptides of any size.  C18 columns are used for peptides < 4-5,000 MW, enzymatic digest fragments, or natural & synthetic peptides.  C8 columns are used for peptides up to 10-20,000 MW, enzymatic digest fragments, and natural & synthetic peptides.  Diphenyl columns are used for large hydrophobic proteins or peptides with aromatic side chains.  C18 small pore columns are used for small peptides (2-10 residues) or basic peptides.  See attached booklet on RP-HPLC setup and troubleshooting.



	Chiral Separation
	Separation of racemic mixtures is possible with chiral columns.  Applications include separating enantiomers of hexobarbital, ibuprofen, profenamine, etc.  Some column packing materials are comprised of ovomucoid proteins, pepsin bonded to silica particles, or beta-cyclodextrins bound to silica particles.  Chiral stationary phases (CSP) are mostly based on polysaccharides, ceullose being the most common.  However, amylose derivatives are also popular in CSP.  Some limitations of CSP in preparative or industrial applications is that exposure to solvents (e.g., alcohol, heptane, etc.) can degrade the column.



	Hydrophobic Interaction Chromatography (HIC)
	HIC separation is based on the adsorption of proteins to mildly hydrophobic stationary phases under the influence of slats present in the mobile phase.  Desorption is done by decreasing the salt concentration – generally within a gradient – and the components elute in the order of increasing surface hydrophobicity.  



	Gel Permeation, Gel Filtration, Size Exclusion (SEC-HPLC)
	Typically used for separating compounds based on molecular size.  Column material differs depending on the polarity of the compound of interest and solution.



	Ion Exchange (IEC)
	IEC is a favorite method for protein purification since it uses relatively mild conditions.  Sub-categories include cation exchange and anion exchange.  Most industrial applications include IEC as either step or gradient elution modes.  Displacement chromatography is similar to gradient elution IEC.  Principle involves forcing molecules to migrate down column by an advancing shock wave of displacer molecules that have a higher affinity for the stationary phase than the feed solutes.  The chromatographic material be an aromatic sulfonic acid or tri-functional quaternary amine group (bound to silica particles).




	Chromatography
	

	Affinity Chromatography
	Perhaps the most selective method of separation, the affinity chromatography column exploits biologically active sites (e.g., immune complex, enzyme recognition, cell surface antigens, etc.).  For example, triazine derivatives containing the blue anthraquinone chromophore exhibit significant binding for albumin, interferon, and certain vitamin K-dependent coagulation factors.  Protein A (a proteinaceous ligand) is useful for monoclonal antibodies, but suffers from alkaline instability – a critical issue in resin lifetime and manufacturing costs.  Other firms have developed murine hybridomas to isolate components, but the quality control issues associated with animal support and release testing make this a poor commercial choice.  The most prevalent application is purification of antibodies from cell cultures or ascites.  Some synthetic versions of Protein A (e.g., ProMetric BioSciences) employ alternatives of Mabsorbent A1P and A2P, which are modeled on the IgG dipeptide binding locus of Protein A.



	Electrospray ionization (ESI) & ESI-MS
	ESI is regarded as more sensitive than UV-VIS detection with detection levels in the femtomole range. 

	Electrophoresis
	

	General comments
	Since proteins are amphoteric compounds, their net charge is determined by the pH of the medium in which they are suspended. In a solution with a pH above its isoelectric point, a protein has a net negative charge and migrates towards the anode (+) in an electrical field. Below its isoelectric point, the protein is positively charged and migrates towards the cathode (-). The net charge carried by a protein is in addition independent of its size.  For example, the charge carried per unit mass (or length, given proteins and nucleic acids are linear macromolecules) of molecule differs from protein to protein.  At a given pH therefore, and under non-denaturing conditions, the electrophoretic separation of proteins is determined by both size and charge of the molecules.  Nucleic acids however, remain negative at any pH used for electrophoresis and in addition carry a fixed negative charge per unit length of molecule, provided by the -PO4 group of each nucleotide of the nucleic acid.  Electrophoretic separation of nucleic acids therefore is strictly according to size; smaller molecules will travel faster through the gel.  The peptides are visualized after staining (e.g., Coumassie Blue) and quantitated using densitometry readings.  Early electrophoresis was more qualitative than quantitative, but now with computer-aided densitometry one can use it as a semi-quantitative tool for quality control and release purposes.  



	Capillary Electrophoresis (CE)
	Developed in the 1980s, this method is based on the differential electrophoretic mobility (migration) of suspended analytes when passing through a polarized voltage field (between the capillary termini).  The partitioning mechanisms allow increased separation selectivity via control of electro-osmotic flow by changing flow, ionic strength, temperature, stationary phase and mobile phase.  One of the most critical factors in CE is pH.  Since low volumes are used, reproducibility is key for low volume delivery to be consistent.  CE has grown to become a collection of other applications such as CZE (capillary zone electrophoresis), CEC (capillary electrochromatography), MECC (micro-electrokinetic capillary chromatography), GCE (capillary gel electrophoresis), CIEF (capillary isoelectric focusing chromatography).  CZE and MECC are most frequently used separation techniques.  GCE is more useful for separation of DNA and proteins.  




	Electrophoresis
	

	SDS-PAGE
	SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis) is a classic method where the migration of charged molecules in solution is in response to an electric field.  The rate of migration depends on the strength of the field; on the net charge, size and shape of the molecules and also on the ionic strength, viscosity and temperature of the medium in which the molecules are moving. As an analytical tool, electrophoresis is simple, rapid and highly sensitive.  It is used analytically to study the properties of a single charged species, and as a separation technique.  Generally the sample is run in a support matrix such as paper, cellulose acetate, starch gel, agarose or polyacrylamide gel. The matrix inhibits convective mixing caused by heating and provides a record of the electrophoretic run: at the end of the run, the matrix can be stained and used for scanning, autoradiography or storage.  In addition, the most commonly used support matrices - agarose and polyacrylamide - provide a means of separating molecules by size, in that they are porous gels.  A porous gel may act as a sieve by retarding, or in some cases completely obstructing, the movement of large macromolecules while allowing smaller molecules to migrate freely.  Because dilute agarose gels are generally more rigid and easy to handle than polyacrylamide of the same concentration, agarose is used to separate larger macromolecules such as nucleic acids, large proteins and protein complexes. Polyacrylamide, which is easy to handle and to make at higher concentrations, is used to separate most proteins and small oligonucleotides that require a small gel pore size for retardation.

Sodium dodecyl sulphate (SDS) is an anionic detergent which denatures proteins by "wrapping around" the polypeptide backbone - and SDS binds to proteins fairly specifically in a mass ratio of 1.4:1. In so doing, SDS confers a negative charge to the polypeptide in proportion to its length - i.e.: the denatured polypeptides become "rods" of negative charge cloud with equal charge or charge densities per unit length. It is usually necessary to reduce disulphide bridges in proteins before they adopt the random-coil configuration necessary for separation by size: this is done with 2- mercaptoethanol or dithiothreitol. In denaturing SDS-PAGE separations therefore, migration is determined not by intrinsic electrical charge of the polypeptide, but by molecular weight.

This is done by SDS-PAGE of proteins - or PAGE or agarose gel electrophoresis of nucleic acids - of known molecular weight along with the protein or nucleic acid to be characterized. A linear relationship exists between the logarithm of the molecular weight of an SDS-denatured polypeptide, or native nucleic acid, and its Rf. The Rf is calculated as the ratio of the distance migrated by the molecule to that migrated by a marker dye-front. A simple way of determining relative molecular weight by electrophoresis (Mr) is to plot a standard curve of distance migrated vs. log10MW for known samples, and read off the log Mr of the sample after measuring distance migrated on the same gel.  

There are two types of buffer systems in electrophoresis, continuous and discontinuous. A continuous system has only a single separating gel and uses the same buffer in the tanks and the gel. In a discontinuous system, a non-restrictive large pore gel, called a stacking gel, is layered on top of a separating gel called a resolving gel. Each gel is made with a different buffer, and the tank buffers are different from the gel buffers. The resolution obtained in a discontinuous system is much greater than that obtained with a continuous system (read about this in any textbook).




	Spectroscopy
	

	Mass spectroscopy (MS)
	MS is commonly used in tandem with other separation apparatus (e.g., HPLC) or with other detection devices (e.g., GC-MS, MALDI-TOF/MS).  Virtually all forms of spectroscopy use an ionization energy source (e.g., radioisotope) to excite the bond energy of the sample, resulting in resonance or further emissions of altered energy waves via the distortion.  Unique placement of bonds gives rise to highly specific emission patterns allowing an exquisite sensitivity to conformational changes or compositional shifts.



	MALDI-TOF
	Matrix Assisted Laser Desorption Time-of-Flight is an innovative tool to determine the molecular weight of material from picomole amounts of biopolymers.  Accurate MW can be obtained quickly for small peptides and oligosaccharide to intact proteins larger than 100,000 MW. It uses a desorption technique similar to Fast Atom Bombardment (FAB).  MALDI-TOF uses photons instead of ionizing particles to desorb analyte molecular ions [M+H]+ from a crystalline matrix.  The primary role of the matrix is to absorb the incident radiation, which results in rapid heating of the crystal lattice (in femtoseconds) – that is faster than thermal equilibration of the matrix-analyte lattice.  This process results in desorption or transfer to the gas phase of matrix and intact analyte ions.  The process responsible for the ionization revolves around cation transfer similar to CI (capillary ionization) and FAB.  However, there are limitations on accuracy over 100 kilobase pairs.



	Nuclear Magnetic Resonance (NMR)
	NMR probes the local environment around each nucleus of an atom, generating a unique spectral signature.  In a magnetic field, atomic nuclei with magnetic moments acquire a magnetization parallel to the field.  A burst of energy at the right frequency (in the FM range) can disturb the magnetic stability, giving rise to a voltage that is detected and processed to yield the NMR spectrum.  Such spectra contain lines or resonances at the frequencies of the various atoms in the molecule.  In addition to the chemical shifts, J-coupling can be exploited for 2-dimensionsal analyses to show connectivity information between atoms in a molecule.  



	Circular Dichroism (CD)
	A sensitive method for assessing the secondary structure of polypeptides and proteins.  Extensively used for monitoring conformational changes (e.g., monomer to dimmer), substrate binding, denaturation, etc.   The principle is based on a form of light adsorption spectroscopy measuring difference in absorbance of right- and left circular polarized light.  Chromophores in asymmetric environments will interact differently with right- and left-polarized light.  The resulting difference observed via an optically active medium results in optical rotation or circular birefringence (due to different indices of refraction).  The variation of optical rotation is called optical rotary dispersion (ORD).  Differences in absorption due to differing extinction coefficients for the two polarized rays is known as circular dichroism.  CD can distinguish alpha helix (barrel shape), parallel and anti-parallel beta sheet, turns, and other conformational shapes.  Can be used to estimate structure by ridge analysis.  It’s a reliable method for alpha-helical content, but not so reliable for beta sheet content.  

A significant problem with CD modeling is that model compounds are usually infinite in length and don’t mimic true secondary structures in proteins that of finite length.  Also, the following has been noted:  random coils are seldom random; amino acid residues (Phe, Tyr, His, and Trp) can contribute to peptide CD spectra; left-handed helical structures can occur; disulfide bonds are very active; prosthetic groups are also very active.




	Spectroscopy
	

	Near-IR (infrared)
	Traditionally, IR was used for qualitative assessments while UV-VIS spectroscopy has been used quantitatively.  With the advent of the NIR, the analyst how has the ability to evaluate compressed tablets and intermediates, but other applications include in-process control testing of nitrogen headspace.  There are four NIR categories:  monochromator, filter, selective diode, and Fourier transform (FT).  Most labs use a dispersion-type monochromator.  Lamps typically are tungsten-halogen with quartz envelopes; detectors may be silicon photovoltaic sensors or lead sulfide, but both types integrate diffusely reflected light.  When the light from a Near-IR source is directed on a sample, both specular and diffuse reflected light are generated, but only the diffuse reflected light contains the specific chemical profile.  A key application of this technology is in-line blend uniformity assessment.  One of the most exciting applications may be in stability, since the method is non-destructive and one may be able to follow the stability profile of a single tablet (or package) over the course of the study.



	PDMS (plasma desorption mass spectroscopy)
	In PDMS, the sample is applied to a suitable target (e.g., tiny disk of nitrocellulose) and bombarded under vacuum with natural fission fragments from 252Californium.  Upon fission, the nuclei of the 252Cf atoms decay into two equally heavy fragments.  One hits the protein molecule on the target sheet.  Upon impact, an ion is liberated from the molecule and is accelerated via the use of electrical fields versus a detector screen.  The second nuclear fragment is used as an internal reference for the calculation of the time of flight of the protein molecules.  Using this method, the molecular masses of peptides and proteins can be determined.

The method also induces small peptide bond breaks and one can use this tool for direct sequencing of small peptide sequences.  This application would be used in combination with Edman degradation of the peptide sequences. 




	Genetic Analysis
	

	General Comments
	Genetic analysis of proteins can be accomplished at three major levels:  primary, secondary, and tertiary structure.  Quaternary structure may involve receptor-binding kinetics as well.  The primary structure is typically assessed by AA sequencing; peptide fragment analysis from restriction enzyme digestion also reveals consistent characteristics.  Secondary structure may be assessed using peptide maps and circular dichroism, as well as determination of sulfide bonds.  Tertiary structure is determined by CD, MALDI-TOF, EI, CE, FAB, NMR, FT-NIR, etc.  Quaternary structure can be confirmed through receptor binding assays using ELISA, radioimmunoassay (RIA), RID (radial immunodiffusion assay), Western Blot, Northern Blot, etc.



	Amino Acid Analysis (AAA)
	Sequence analysis is performed by hydrolysis via 6 N hydrochloric acid under vacuum and heat (e.g., 110-165( C for 1-24 hours).  The 20 naturally occurring AA vary in stability when exposed to harsh chemical conditions.  Six AA (Asp, Glu, Ala, Leu, Lys, and Gly) are commonly used for protein quantitation because they are completely recovered following hydrolysis.  Asn and Gln are converted to Asp and Glu by deamidation.  Ser and Tyr are significantly degraded (>30%) and Cys & Trp are almost completely degraded.  Hydrophobic residues (Val, Leu, and Phe) can be difficult to hydrolyze when they are adjacent to other hydrophobic residues.  Chromatographic separation follows hydrolysis, which involves pre-column or post-column derivatization so they can be detected by UV-VIS.  Quantitative analysis is derived from the number of residues compared to the theoretical abundance of that same residue in the parent molecule.  



	Peptide Mapping
	Peptide mapping is a ubiquitous method for determining protein characterization of primary structure.  When used in conjunction with HPLC, it is often a useful tool for stability and/or routine release testing.  The steps involve carbohydrate removal (usually via de-glycosylation), reduce and alkylate disulfide bonds, digestion via chemical or proteases, separation (e.g., via RP-HPLC), detection of separated peptides (e.g., UV-VIS or MS), and finally data analysis.  While quantification by peak height and area is useful for well-defined peaks, peptide mapping doesn’t always allow this.  Some have developed chromatographic pattern matching as a tool to assess quantitative comparisons of peptide maps and other complex separations.




	Genetic Analysis
	

	SNP
	Single Nucleotide Polymorphism (SNPs) are DNA sequence variations that occur when a single nucleotide (A,T,C,or G) in the genome sequence is altered.  For example a SNP might change the DNA sequence AAGGCTAA to ATGGCTAA.  Two of every three SNPs involve the replacement of cytosine (C) with thymine (T).  SNPs occur every 100 to 300 bases along the 3-billion-base human genome.  SNPs can occur in both coding (gene) and non-coding regions of the genome. Many SNPs have no effect on cell function, but scientists believe others could predispose people to disease or influence their response to a drug. 

Although more than 99% of human DNA sequences are the same across the population, variations in DNA sequence can have a major impact on how humans respond to disease; environmental insults such as bacteria, viruses, toxins, and chemicals; and drugs and other therapies. This makes SNPs of great value for biomedical research and for developing pharmaceutical products or medical diagnostics.  SNPs are also evolutionarily stable --not changing much from generation to generation --making them easier to follow in population studies. 

Scientists believe SNP maps will help them identify the multiple genes associated with such complex diseases as cancer, diabetes, vascular disease, and some forms of mental illness. These associations are difficult to establish with conventional gene-hunting methods because a single altered gene may make only a small contribution to the disease.  

Several groups are working to find SNPs and ultimately create SNP maps of the human genome.  Among these groups are the U.S. Human Genome Project and a large group of pharmaceutical companies called the SNP Consortium.  The likelihood of duplication among the groups is small because of the estimated 3 million SNPs, and the potential payoff is high. 

In addition to the pharmacogenomic, diagnostic, and biomedical research implications, SNP maps are expected to identify thousands of additional markers along the genome, thus simplifying navigation of the much larger genome map being generated by researchers in the Human Genome Project (HGP).




	Genetic Analysis
	

	DNA DOT-BLOT Hybridization
	DOT-BLOT is a rapid technique to detect the presence of a specific DNA segment in a specimen.  Dots – or spots – of the specimen sample DNA are placed onto a nitrocellulose membrane and fixed.  This membrane is then hybridized to a radioactively labelled DNA segment of known sequence, specific for the pathogenic DNA being tested.  If the pathogenic DNA is present in the specimen, complementary DNA (cDNA) present on the membrane will hybridize, or anneal, producing a double-stranded DNA segment with the radioactive label incorporated.  The presence of the radiolabel is detected by autoradiography.



	Polymerase Chain Reaction (PCR)
	PCR is an efficient, pervasive method used to amplify low levels of specific DNA sequences in a sample to reach the threshold of detection.  The method exploits the principle that repeated cycles of heating and cooling cause DNA denaturation (separation of the double helix strands and primer annealing (recombination of the double-stranded structure).  If one constructs two short DNA “primers” – single stranded DNA oligonucleotides specific for the pathogenic DNA and which sequence flanks that section of the DNA to be amplified – one can isolate the DNA segment of interest.  The extension of the primed DNA sequence is via DNA polymerase (with purine and pyrimidine bases added).  Each cycle doubles the amount of specific DNA sequence present and results in an exponential accumulation of the DNA fragment of interest.  The reaction products are hybridized to a radioactively labelled DNA segment that is complementary to a short sequence of the amplified DNA (“sticky ends”) and separated by electrophoresis.  The radiolabelled segment of interest is visualized by autoradiography.  Thermostabile polymerase – such as Taq (originally isolated from Thermophilus aquaticus) – allowed automation of the PCR process.  Previous PCR methods used polymerases that were unstable at the elevated temperatures, so they had to be replenished for each cycle.  



	Reverse Transcriptase PCR

(RT-PCR)
	RT-PCR is a method used to amplify RNA targets, making it possible to accurately quantitate RNAs that are only present at a few hundred copies.  The specimen containing the target RNA (e.g., HIV-1, hepatitis C, etc.) is subjected to reverse transcriptase to make complementary DNA (cDNA), which is in turn, amplified by PCR.  Accuracy depends on reducing/eliminating DNA and DNAse.  

Small interfering RNAs (siRNAs or RNAi) can effect gene-specific silencing – also noted as post-transcriptional gene silencing (PTGS) that refers to dsRNA silencing.  This phenomenon is marked by double-stranded RNA (dsRNA) that reduces the expression of the homologous gene.  PTGS appears to have evolved as a cellular defense mechanism to suppress viral infection and transposon jumping.  For example, siRNAs complementary to the 5’ UTR, Exon 2, Exon 3 and 3’ UTR of the c-myc mRNA have differential abilities to affect cell proliferation and c-myc protein expression in a human cell line.  Data from some studies suggest siRNAs may have as much gene-silencing capability as some anti-sense molecules. 



	Southern Blot
	This method was first developed by the Scottish molecular biologist Edward M. Southern.  Specimen DNA is denatured (by heating) and then treated with restriction enzymes that result in DNA fragments.  The resulting single-stranded DNA fragments are separated by electrophoresis, which are then blotted to a nitrocellulose membrane – retaining their electrophoretic position – and then hybridized with radiolabelled single-stranded DNA fragments that contain complementary sequences to the DNA fragment of interest.  The resulting double-stranded DNA bearing the radiolabel is then detected by autoradiography.




	Genetic Analysis
	

	Northern Blot
	Northern Blot technique is similar to the Southern Blot.  Messenger RNA (mRNA) is separated by electrophoresis that is blotted to a specially modified paper support resulting in covalent fixing of the mRNA in the electrophoretic positions.  Radiolabelled single-stranded DNA fragments that contain complementary sequences to the mRNA fragment of interest are hybridized to the bound mRNA.  The resulting hybridized RNA bearing the radiolabel is then detected by autoradiography.



	Immunoblot/Western Blot
	Immunoblot is used to detect antibodies to specific epitopes of electrophoretically separated sub-species of antigens.  Electrophoresis of antigenic material yields separation of the components by molecular weight.  Blotting of the separated antigens to nitrocellulose – retaining the electrophoretic position – and reacting it with patient specimen will result in the binding of specific antibodies to particular antigenic bands.  Since the method also employs electrophoresis of molecular weight standards, it’s possible to calculate the MW of each antigenic band.  These antibodies are then detected via EIA that characterize the antibody specificity.  This method is often used to confirm the specificity of antibodies that are detected by ELISA screening methods.



	Nuclease Protection Assay (NPA or RPA)
	NPA is also known as Ribonuclease Protection Assay (RPA) – a sensitive method to simultaneously detect multiple mRNA targets.  Its greatest utility is detection and characterization of RNA directly in crude lysates from cultured cells or solid tissues – without the need for RNA isolation.  The basis of NPA is solution hybridization of single-stranded, discrete anti-sense probes (which can be radiolabelled or not).  NPA is more efficient than Northern Blot since that method involves the repetitive process of stripping and probing filters.  NPA can accommodate up to 100 (g of total or poly(A) RNA versus the 10-20 (g typically used for Northern Blot.  After NPA hybridization, the excess, un-hybridized probe and sample RNA are removed by digestion with a mixture of nucleases (e.g., RNAse A, RNAse T1, and/or S1 nuclease).  After nuclease digestion, the nuclease is inactivated and the probe-target RNA hybrids are precipitated.  

The products are separated on denaturing polyacrylamide gel and visualized by autoradiography.  For non-isotope assays, the gel is transferred to membrane and probes are visualized by secondary detection (e.g., enzymatic).  Absolute quantitation of mRNA species can be done by generating a concentration curve of synthetic sense strand target RNA for interpolation of sample signals.  NPAs are less sensitive to partial RNA degradation than Northern analysis.  For instance, a single cleavage in 20% of a 4 kb message may cause as little at 1% loss of signal.  Note that degradation is only relevant when it occurs in the region of overlap with the probe.

  


	Genetic Analysis
	

	In Situ Hybridization (ISH)
	ISH is also known as FISH (fluorescence ISH) is a powerful technique used for the detection of specific mRNAs within cells or tissues.  Since the hybridization occurs within the structure of the cell, ISH reveals spatial details regarding the expression of specific mRNAs.  ISH protocols typically include a long series of reagent incubation steps over several days, but some vendors have reduced this to one day.  

One kit is designed for hybridization of biotin-labelled RNA or DNA probes to paraffin-embedded tissue.  Tissues are de-paraffinated with xylene and rehydrated, followed by digestion with proteinase K to make the RNA more accessible to the probe.  The biotin-labelled probed is hybridized to the tissue section, incubated, and then washed.  Detection is via a light signal that make be detected by normal microscopy; a streptavidin: alkaline phosphatase enzyme conjugate binds to the biotinylated probe and the alkaline phosphatase catalyzes the formation of a colored signal when exposed to substrates NBT/BCIP.  



	
	

	
	

	
	

	
	

	
	


	Immunological Assays
	

	General Comments
	The wealth of immunological assays can be categorized as:  soluble antigen-antibody reaction assays, particulate antigen-antibody reaction assays, RBC Lytic assays for detecting antigen-antibody reactions, immunohistochemical assays, and immunoassays.

	Soluble Antigen-Antibody Reaction Assays
	

	Immunodiffusion (ID)
	Immunodiffusion – also known as double diffusion (DD) or Ouchterlony – is a classic method used to detect the presence of antibodies by visualization of precipitated lines (precipitin lines) in an agar-based medium.  A well is created in the agar plate by removal of a plug of agar; a defined concentration of antibody is placed in the central well.  Surrounding equidistant wells are filled with patient sera or other positive/negative controls.  The precipitin lines form where the Ag-Ab complex are equivalent.  Although the method is strictly qualitative, the density of the precipitin line, length of the line, and distance from the antibody well may give some indication of antibody concentration relative to the controls.



	Radial Immunodiffusion (RID)
	RID is a quantitative version of the Ouchterlony in which the agar gel contains evenly distributed antigen (or antibody) and the counterpart antibody (or antigen) from the test sample well diffuses into the gel from a single well resulting in a circular precipitin line.  The diameter of the precipitin ring is proportional to the antibody (or antigen) concentration in the test sample.  By comparing the diameter of the test specimen precipitin ring to known standards, a relatively insensitive estimation of the specific antibody concentration can be determined.  

  

	Counterimmuno-electrophoresis (CIE)
	CIE is a method where oppositely charged antigens and antibodies are propelled towards each other under an electrical field, which reduces the necessary time for visualization of the Ag-Ab reaction from 18-24 hours (for ID) to less than an hour.  The method also substantially increases the sensitivity of analysis; CIE can detect concentrations 10-fold less than the lowest concentrations measured by DD or ID.



	Immunoelectrophoresis (IEP)
	IEP is a two-step method that first involves the electrophoretic separation of proteins, followed by the linear diffusion of antibodies into the electrophoretic gel from a trough that extends the length of the gel adjacent to the electrophoretic path.  The Ag-Ab reactions produce precipitin arcs at positions where equivalence occurs.  Although quantitation is subjective, an experienced technician can determine the presence of antigen and by visual comparison to normal control sera, discriminate relative increases or decreases of antigen via the length and density of the precipitin arcs.

 

	Immunofixation (IFIX)
	IFIX is a powerful enhancement of IEP where a series of post-electrophoretic gel slabs are layered with cellulose acetate gels saturated with specific antibodies.  The resulting Ag-Ab complexes fixed on the second gel may be stained, allowing both sensitive and specific qualitative identification of proteins by electrophoretic position. 

 


	Particulate Antigen-Antibody Reaction Assays
	

	Direct Agglutination (DA)
	DA is a general term for techniques that use the agglutination (macroscopic clumping) of particulate reagents as an indicator of the presence of an Ag-Ab reaction (e.g., hemagglutination, latex agglutination, coagglutination). 



	Hemagglutination (HA)
	HA is a technique for detection of antibodies via agglutination of antigen-coated RBC (red blood cells).  A crude quantitation can be made by performing a serial dilution of the patient serum and noting the highest dilution (titer) at which the agglutination is still present.  

 

	Latex Agglutination (LA)
	LA is also known as latex particle agglutination.  Antibody detection is similar to HA – in principle – but the antigen-coated RBC component is replaced by antigen-coated latex particles, which improves sensitivity and reagent stability.  Conversely, the antibodies may be absorbed to the latex particles (under appropriate ionic and pH conditions) by binding to the Fc region of the antibody – leaving the Fab region free to interact with antigens present in the specimen.  The versatility has made LA a commonly used method as well.

 

	Coagglutination (CoA)
	CoA is similar to LA.  Protein A – a uniformly distributed cell wall component of Staphylococcus aureus – is able to bind to the Fc region of most IgG isotype antibodies, leaving the Fab region free to interact with antigens present in the specimen.  The visible agglutination of the S. aureus particles indicates the Ag-Ab complex. 



	Hemagglutination Inhibition (HI)
	HI – also known as HAI – is a variation of the HA technique.  Some viral antigens – when coated on RBCs – spontaneously cause agglutination in the absence of antibody.  In this situation, the Ag-Ab reaction prevents the agglutination of reagent RBCs.  HAI cannot differentiate between isotypes of specific antibodies (e.g., IgG, IgA or IgM).  However, positive HAI results from specimens treated with S. aureus Protein A can be used to imply the presence of non-IgG antibodies, such as IgM or IgA.  A crude quantitation is also possible using the serial dilution to determine titer.



	Nephelometry (NEPH)
	NEPH is used to quantitate antigen by analyzing increases in turbidity, as measured by laser light scattering instrumentation.  The resulting Ag-Ab complexes are insoluble.  Most modern nephelometers compare the rate of formation of complexes to that of known antigenic standards to quantitate the protein concentration.   




	RBC Lytic Assays for Detecting Antigen-Antibody Reactions
	

	Complement Fixation (CF)
	CF is a complex, sensitive method that detects the presence of any specific antigen-antibody reaction by the in vitro activation of complement via the classical pathway.  If complement is not fixed, lysis of the pre-antibody-coated reagent RBCs will occur resulting in a chromogenic response.  A crude quantitation of antibody titer is possible by determining the highest titer at which lysis does not occur.  However, differentiation of antibody isotype is not possible by this method.



	Neutralization (Nt)
	Neutralization is similar to CF, but is only applicable in certain pathogenic situations where the antibody being measured is directed against a hemolysin (a bacterial toxin capable of directly lysing RBCs).  Hemolysin and reagent RBCs are combined and if the antibody (to hemolysin) is present, hemolysis is inhibited.  As with the CF method, a rough antibody titer can be quantified via serial dilutions, which are compared to established standard material dilutions.



	Immunohistochemical Assays
	

	Fluorescent Antibody (FA)
	FA is a general term for methods that use the visual detection of fluorescent dyes conjugated to antibodies, which when reacted with antigen, allows the detection using fluorescent microscopy or other UV-VIS detection.  FA allows a visual correlation of the Ag-Ab complex site, further enhancing specificity and biologically relevant activity.  Note that recent genetic developments have allowed the use of fluorescent dyes to be incorporated into plasmids of interest, which make it easier to track genetic diversity and/or mutation levels.



	Direct Fluorescent Antibody (DFA)
	DFA is the direct detection of antigens using a fluorescent-labelled antibody.  Since detection of the antigen in a patient sample is the goal, DFA is seldom quantitative.



	Indirect Fluorescent Antibody (IFA)
	IFA is detection of antigens using a fluorescent-labelled antibody.  When using fluorescent-labelled antibodies for particular isotypes (e.g., IgG, IgM, IgA), it is possible to determine (1) the antibody class, (2) isotype, and (3) accurate quantitation of titer via dilution titration and comparison of fluorescence intensity to known reference standards. 



	Anti-complement Immunofluorescence (ACIF)
	ACIF is a method employed to make certain indirect fluorescent-labelled antibodies more specific and sensitive.  The fluorescent dye is conjugated to antibody that is directed at complement and then added to a complement-fixing complex of antigen and patient antibody.  



	Avidin-biotin Immunofluorescence (ABIF)
	ABIF is a tool for improving IFA sensitivity and specificity.  The patient’s antibodies are labelled with biotin – a compound capable of specifically binding avidin in high concentrations.  Fluorescent-labelled avidin is then added and fluorescent microscopy is used to detect the Ag-Ab complexes.



	Micro-Immunofluorescence (Micro-IF)
	Micro-IF is actually a multiple IFA where several different substrates are arranged in specific locations on a single microscopic slide (or 96-well microtiter plate), allowing a rapid simultaneous IFA on each substrate.



	Immunoperoxidase (IP)
	IP methods are comparable to IFA in that Ag-Ab complexes are visualized, but in the indirect IP the enzyme-antibody conjugates (peroxidase enzymes) are viewed with a normal microscope.  This eliminates the need for costly fluorescent microscopic equipment.



	Immunocytochemical Assay (ICA)
	ICA involves computerized assessment of microscopic fields following DFA, IFA, or indirect/direct IP analysis of biopsy tissue from the patient.  The computerized method eliminates subjective evaluations since the readings are interpreted in terms of color, intensity, and concentration.



	Immunoassays
	

	Radioimmunoassay (RIA)
	The RIA method uses a fixed-dose, low-level, radioactive isotope-labelled antigen (or tracer) to compete with unlabelled antigen from the patient specimen for a fixed number of antibody binding sites.  Traditional RIA is done with antibodies in solution.  Solid-phase RIA involves the use of antibody bound to solid support (e.g., tubes, glass beads, or plastic fins).  The amount of antigen in the specimen is determined by comparing the bound radioactivity with a standard curve.

Note that this same concept is used for receptor-binding assays.  A tissue homogenate (e.g., substantia nigra or corpus callosum) is prepared in fresh buffer and diluted down to a working concentration (usually enough tissue to allow receptor saturation).  Using a radiolabelled isotope of the receptor substrate (e.g., H3-norepinephrine), one can use varying dilutions of ‘hot’ and ‘cold’ substrate to (1) identify total receptor populations via maximal binding concentrations and (2) assess receptor kinetics (e.g., the affinity or dissociation constant [KD]) based on the competitive displacement of radiolabelled material by cold substrate concentrations.

RIA methods are also typically used in bioanalytical measurements of serum levels for parent compounds and major metabolites for bioequivalence studies.  The picomole sensitivity allows 24-hour or later measurements and comparisons of varying compounds in subject sera.




	Immunoassays
	

	Immunoradiometric Assay (IRMA)
	IRMA uses low-level radiolabelled antibody to quantitate low concentration compounds.  In an IRMA method, a first antibody is presented on solid-phase (coated on tubes, beads, or microtiter plates).  After binding the available antigen present in the sample, a second radiolabelled antibody is added.  The radioactivity remaining after washing the solid phase is proportional to the concentration of the antigen present in the sample and is quantitated by comparison to a standard curve.



	Radioallergosorbent Test (RAST)
	RAST is an in vitro method that detects IgG and IgG antibodies to allergens (proteins that may give rise to hypersensitivity reactions in allergies).  The allergens are coated on a complex carbohydrate matrix (a sorbent).  Antibodies specific to the allergens bind to the allergen linked to the sorbent and are detected by low-level radioactivity to either IgG or IgE (depending on the isotype being used).



	Fluorescence Polarization Immunoassay (FPIA)
	FPIA is a method that exploits increased polarization (non-random propagation of emission) of fluorescent light emissions when a fluorescent-labelled antigen is bound by a reagent antibody.  The greater the concentration of unlabelled patient antigen present in the test mixture, the less bound fluorescent antigen is present and the lower the polarization of the fluorescent light emission.  Standard calibration yields quantitative results.



	Chemiluminescence Assays (CIA)
	CIA includes a sub-category of assays that employ bioluminescence - oxidative chemical reactions are indicators of the quantity of unbound luminescent-labelled antigen.  This allows quantitation of unlabelled antigen from patient specimens in a variety of homogenous (single phase) or heterogeneous (multiple phase) immunoassay techniques.  



	Enzyme Immunoassay (EIA)
	EIA is a general term for an array of test methods that allows quantitative analysis for both antigens and antibodies.  Tests employ colorimetric reactions of enzyme-substrate interactions (or inhibition) that are used to measure Ag-Ab reactions.   



	Enzyme Multiplied Immunoassay Technique (EMIT)
	EMIT is a homogenous (single phase) method where the antigen being measured competes for a limited number of antibody binding sites with enzyme-labelled antigen.  The reagent antibody has the ability to block enzymatic activity when bound with the reagent enzyme-antigen complex preventing its formation of product in the presence of substrate.  The free antigen-enzyme complexes resulting from competition with measured antigen in the sample forms color-change products proportional to the concentration of antigen present in the specimen.  




	Immunoassays
	

	Enzyme-linked Immunsorbent Assay (ELISA)
	ELISA is a sensitive, heterogeneous (multiple phase) method for quantifying antigen or antibody levels.  Enzyme-labelled antibody (or antigen) is bound to a solid support (e.g., usually a 96-well microtiter plate).  After incubation with a patient specimen and substrate, the antigen (or antibody or Ag-Ab complex) is determined by colorimetric method.  Direct ELISA measures antigen via competition for antibody binding sites between enzyme-labelled antigen and patient antigen.  Indirect ELISA measures antibody concentrations using bound antigens to interact with specimen antibodies.  Enzyme-labelled reagent antibodies can by isotype specific, which allows for subclass determinations.  Note that indirect ELISA assays for IgM isotypes in some infections can be complicated (or limited) by false-positives due to IgM rheumatoid arthritis factor in the presence of IgG-specific antibodies.  



	IgM Antibody Capture ELISA (MAC ELISA)
	MAC ELISA is a method with significant improvement in assay specificity compared to indirect ELISA for IgM isotype.  The solid-phase support is coated with anti-human IgM antibodies capable of binding all IgM isotypes.  Reagent antigen is then added, followed by the enzyme-labelled antigen-specific antibodies.  If IgM antibodies (specific for the antigen) are present, the “sandwich” complex will result in a color change proportional to the IgM antibody concentration.



	Microparticle Enzyme Immunoassay (MEIA)
	MEIA is a method where the solid-phase support is comprised of small microparticles in liquid suspension.  Specific reagent antibodies are bound to the microparticles.  Antigen – if present – is then “sandwiched” between the bound antibodies and the antigen-specific, enzyme-labelled antibodies.  The complex is detected and quantitated by fluorescence from the enzyme-substrate interaction.



	Radioimmunoprecipitation Assay (RIPA)
	RIPA is used to describe the qualitative assay used to confirm some antibodies to viral antigens.  Viral-infected cell cultures are radioactively labelled and lysed to yield radioactive antigen components.  Specific antibodies will bind to these antigen fragments and the resulting complexes are precipitated with Protein A, then boiled to free the immune complexes, which are then separated by electrophoresis.  The pattern of antigenic moieties (that are bound by antibodies) is detected with autoradiography.  Comparison of the labelled molecular weight standards (electrophoresed in the same run) allows determination of the molecular weight bands of antigen bound by antibody.  




	Other
	

	Glucose Content
	Glucose content is checked by a glucose analyzer.  The method is based on immobilized enzyme technology where the diagnostic enzyme is fixed on a thin membrane, which is placed on a measuring electrode.  In the glucose determination the enzyme glucose oxidase is immobilized on the membrane. This enzyme catalyses the reaction of glucose to gluconolactone.  The H2O2 formed in the course of this process diffuses through the membrane and is measured electrochemically on a platinum electrode.  The current measured is proportional to glucose concentration in the sample.



	Field Flow Fractionation (FFF)
	FFF combines laminar flow hydrodynamics with a physical field imposed at a 90( angle to the flow field.  A main channel flow sweeps along the main channel length.  The physical field is a second stream (also called cross flow) that is juxtaposed to the main channel flow at a right angle.  The hydraulic force of the cross flow pushes samples to accumulate against the membrane over a fritted filter.  The balance between the diffusion and cross flow hydraulic forces causes sample species to equilibrate in the channel flow – according to the species individual characteristics.  Since the channel flow velocity is parabolic, this allows particle separation.  The elution rates for samples correlate to sample diffusion and diameter.  With calibration, one can use FFF to determine molecular weight.  However, it’s more likely used for particle size distribution.  Applications for FFF include lipoproteins, liposomes, nanosized particles, proteins and protein aggregates, as well as water-soluble polymers.  Another application is centrifugal FFF, where a liquid cross flow of liquid is replaced by centrifugal force.

    

	Hydrodynamic Radius (Rh) Characterization
	Hydrodynamic radius characterization is performed using Rayleigh or static laser light scattering detectors to determine the molecular weight characteristics of polymers and biopolymers.  Recent technological advances have allowed high-performance dynamic laser light scattering (DLS) systems that allow measurements from 1.5 up to 1000 nm, which allows for high sensitivity aggregation or self-association studies for proteins, antibodies, and liposomal formulations.




	Other
	

	Biocalorimetry
	This encompasses two major methods:  isothermal titration calorimetry or differential scanning calorimetry.  A third application using microcalorimetry is also available but not as pervasive.  A complete thermodynamic profile can be obtained, such as binding constant (Kb), reaction stoichiometry (n), enthalpy ((H), and entropy ((S).  

Isothermal titration calorimetry (ITC) is a universal detector for molecular interactions as heat is either generated or absorbed with binding.  ITC may be used to study all types of binding interactions, such as antigen-antibody, protein-ligand, protein-protein, DNA-drug, receptor-target, and binding to solid surfaces.  In ITC, a syringe containing a ligand solution is titrated into a sample cuvette containing a macromolecular solution.  As the two materials interact, heat is released or absorbed.  As the macromolecules become saturated with ligand, the heat signal diminishes until only a background heat is detected.  Each experiment can take 30-60 minutes.  Applications include antibody quality control and characterization.   

DSC may be used for studying conformational energy of biopolymers, predicting liquid formulation stability, and determining the half-life of low-molecular weight compounds.  For DSC, a solution of biopolymer is added to a sample cuvette; buffer is added to a reference cuvette.  Temperature of both cells is elevated under controlled conditions.  A thermoelectric device measures the difference between the two cuvettes.  When chemical bonds are broken, heat is released (or absorbed).  The transitional midpoint (TM) is the transition from native to unfolded protein.  The higher the TM the more stable the biopolymer.  Microcalorimetry allows for cell-cell measurements of direct heat rather than temperature differentials.  



	Surface Plasmon Resonance (SPR)
	SPR has been around for nearly a century.  Initially observed as an anomalous diffraction on diffraction gratings, in came to prominence in the 1970s when it was used to characterize thin metal films and process monitoring of metal interfaces.  It has become a popular method for detection of biomolecular interactions and has been integrated into commercially available biosensors for IPC (in process control) monitoring.  SPR is possible via surface plasmons – electromagnetic waves formed by electrons – propagating along the surface of a thin metal bilayer.  In SPR biosensors use prism couplers, optical excitation of metal electrons is achieved when a light beam undergoes total internal reflection at a prism-metal-solution interface.  Under those conditions, the electric field of the reflected photons penetrated beyond the reflecting surface to a distance about a ¼ of its wavelength. To interact with surface electrons in the metal film.  At a very specific angle of the incident light (higher than the critical angle of reflection), the momentum of incoming photons matches the momentum of the surface plasmons, energy transfer occurs, and the light is no longer reflected from the surface – which is surface plasmon resonance.  A limitation of SPR is that it’s not discriminating. 



	Total Organic Carbon (TOC)
	TOC analysis was originally developed in conjunction with chemical oxygen demand (COD) and biochemical oxygen demand (BOD) as correlative testing in wastewater and drinking water analysis.  The wide range (0.05 – 25,000 ppm) allows for numerous industrial applications.  New government regulations have made it a standard test for all industrial water types.  TOC is measured by oxidizing organic carbon to produce CO2, which is usually measured by a non-dispersive IR (NDIR) detector.  TOC may also be measured by conductivity, which is derived by formation of carbonate (CO3- and bicarbonate HCO3- species. 




