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Gel electrophoresis is a method for separation and analysis of macromolecules (DNA, RNA and proteins) and their
fragments, based on their size and www.enganchecubano.com is used in clinical chemistry to separate proteins by
charge or size (IEF agarose, essentially size independent) and in biochemistry and molecular biology to separate a
mixed population of DNA and RNA fragments by length, to estimate the.

By choosing suitable separation matrices and corresponding buffer systems, one can optimize the separation.
This page provides an overview of the different electrophoretic methods that can be used. As proteins move
through a gel in response to an electric field, the smaller molecules travel more rapidly than larger proteins see
figure below. Usually, the gel has a vertical orientation, and the gel is cast with a comb that generates wells in
which the samples are applied see below. Applying an electrical field across the buffer chambers forces the
migration of protein into and through the gel. Samples are loaded into wells, and proteins that are closer to the
gel enter first. This provides a uniform separation matrix, but yields fuzzy and unresolved protein bands.
Proteins migrate quickly through the large pore stacking gel and then are slowed as they enter the small pore
resolving gel. The proteins stack on top of one another to form a tight band, which helps improve resolution.
Voltage is applied and the samples move into the gel. The chloride ions already present in the gel leading ions
run faster than the SDS-proteins and form an ion front. The proteins are stacked between the chloride and
glycinate ion fronts. Migration of proteins and buffer ions in a denaturing discontinuous PAGE system.
Proteins are prepared in nonreducing, nondenaturing sample buffer, and electrophoresis is performed in the
absence of denaturing and reducing agents. The native charge is preserved and proteins can migrate towards
either electrode, but yields unpredictable separation patterns that are not suitable for molecular weight
determination. Nevertheless, native PAGE does allow for separation of proteins in their active state and can
resolve proteins of the same molecular weight. In addition, SDS binds noncovalently to proteins in a manner
that imparts: Coomassie Blue does not, however, denature and dissociate protein complexes the way SDS
does. Gels are cast with gelatin or casein, which acts as a substrate for the enzymes that are separated in the
gel under nonreducing conditions. The proteins are run with denaturing SDS in order to separate by molecular
weight. When a protein moves through a pH gradient, its net charge changes in response to the pH it
encounters. High-resolution 2-D methods enable separation of thousands of polypeptides in a single slab gel.
The resulting spots can be visualized by gel staining, or they can be transferred to a membrane support for
total protein staining or analysis with specific antibody detection. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. High resolution two-dimensional electrophoresis of proteins. Gel
Electrophoresis of Proteins: A Practical Approach New York: Electrophoresis buffers for polyacrylamide gels
at various pH. Tricine-sodium dodecyl sulfate-polyacrylamide gel electrophoresis for the separation of
proteins in the range from 1 to kDa. Discontinuous buffer systems operative at pH 2.
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2: Electrophoretic methods for separation of nanoparticles.
In this video, we demonstrate a method for electrophoretic separation of proteins using poly-acrylimide gel
electrophoresis (PAGE).

Differences in the charge to size ratio of analytes causes differences in electrophoretic mobility. Small, highly
charged analytes have greater mobility, whereas large, less charged analytes have lower mobility. The net
force acting on an analyte is the balance of two forces: These two forces remain steady during electrophoresis.
Therefore, electrophoretic mobility is a constant for a given analyte under a given set of conditions. One of the
most common uses of electrophoresis is to analyze differential expression of genes. Healthy and diseased cells
can be identified by differences in the electrophoretic patterns of their proteins. Proteins themselves can also
be characterized in this way, and some sense of their structure can be derived from the masses of fragments
inside the gel. Two-dimensional 2-D electrophoresis, for example, has the ability to discern many more
proteins than most of its contemporaries. Many of these methods will be discussed in detail throughout this
chapter. Imperial College Press, Proteomics contributes significantly to the discovery of proteins and their
functions that influence the behaviors of an organism. Recent studies have focused on its roles to explore the
proteins in a single cell and tissue level as they represent a fingerprint for each individual especially in terms
of how a disease exhibits. To facilitate this level of study, a microfluidic technology is introduced and
developed into an essential tool for proteomics. In addition to the capability to handle small sample, the
microfluidic technology plays an important role in miniaturizing the entire system. As a result, a better
performance in terms of less material consumption, faster processing time, more automated, and lower cost
can be achieved. Another advantage in such microscale is that the mixing between the sample and reagents
becomes more effective. This benefit allows the microfluidic-based immunoassay to be used to monitor the
progress of disease. This multiplexing potential makes microfluidic-based devices a high throughput solution
in bio chemistry and biomedicine. Recent research and development efforts have been focused on inventing an
electrophoretic microsystem that is fully automated, easy to customize for a specific need, and provides the
results consistent with the gold standard. This microfluidic microsystem is usually referred to as a
lab-on-a-chip. Among the microfluidic microsystems used in the analytical bio chemistry, the most widely
used methods to control the transport of biomolecules or analytes are either gel or capillary electrophoresis.
Even though both techniques utilize the fact that biomolecules such as proteins, peptides, and DNA become
charged in a buffer, the microfluidic gel electrophoresis operates differently from its capillary counterpart in
terms of fluid dynamic. In microfluidic gel electrophoresis, the presence of porous gel medium prevents a bulk
flow in a microfluidic channel. The gel-based electrophoretic separation of biomolecules is based on the
difference in size or molecular weight, while the capillary-based electrophoresis separation operates by taking
the advantage of the difference in charge-to-mass ratio among biomolecules. In comparison to the
gold-standard methods, the analytical results obtained from the microfluidic gel and capillary electrophoresis
are consistent with those from the traditional slab gel [8] and capillary electrophoresis [5] , respectively. In the
design and application viewpoints, however, there are some advantages and disadvantages of these two
methods needed to be considered. In terms of engineering design, the microfluidic gel electrophoretic system
is much easier to customize for specific applications and multiplexing since no influence from the bulk flow
needs to be considered. This makes it more straightforward to integrate extra features like sample
preprocessing into the microfluidic gel electrophoresis. In terms of bio analytical applications, the microfluidic
capillary electrophoresis has a drawback such that it operates poorly to analyze the charged particles of similar
charge-to-mass ratios. Even though this chapter is dedicated mainly to the microfluidic electrophoresis, the
integration of additional features like sample preprocessing, detection, and quantification processes are also
included. Unquestionably, this integration is made possible by the microfluidic technology. Microfluidic Gel
Electrophoresis Utilizing microfluidic technology in gel electrophoresis provides several advantages to the
study of proteome in many ways that cannot be achieved by the conventional methods. Faster processing time,
more sensitive detection, more automated operation, and highly integrated system are the major benefits of
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using microfluidic. In addition, the microfluidic technology allows gel electrophoretic system to be easily
customized for a specific application. For example, a microfluidic gel electrophoretic system can be designed
such that off-chip processing can be eliminated. In fact, it can be integrated into the microfluidic-based
system. The integration of sample preparation is one of the practical examples that not only simplify the
experiment protocol, but also improve the detection sensitivity. Fabrication Process Gel electrophoresis can be
customized for a specific analytical study such as an immunoassay by using microfluidic technology. The
customized fabrication process of microfluidic gel electrophoretic immunoassay to be described below is
based on the device used by Herr et al. A step-by-step fabrication process is described as follows. Fabrication
of size-exclusion membrane [3] Step 1: Fabrication of Size-Exclusion Membrane Materials: This membrane is
used to enhance analyte concentration, thus improving sensitivity of detection. A polyacrylamide gel is
utilized to fabricate this membrane. It is designed such that the polyacrylamide gel has a pore size small
enough for selectively allowing analyte molecules smaller than 10 kDa to pass through. The fabrication
process begins with patterning a glass substrate to create microfluidic channels and chambers. This process is
carried out by using regular photolithography and wet etch. Holes are drilled on the top glass cover. Both glass
substrate and cover are then bonded together by anodic bonding. A syringe can be used to load the solution
into the channel. The gel precursor solution is left for equilibration for approximately 30 minutes. The
size-exclusion membrane is fabricated using laser photo-polymerization. A nm UV laser sheet is used to
pattern the polyacrylamide gel at the specified location, shown in the diagram, to create the membrane profile.
The polyacrylamide gel membrane is exposed to the laser until polymerized, which takes approximately 15
seconds. The remaining gel solution is vacuumed out, and the channels are then cleaned by rinsing with
buffer. Fabrication of separation channel [3] Step 2: Fabrication of Separation Channel Materials: This
separation channel is the place where protein separation takes place. It contains a medium porosity
polyacrylamide gel. Like the membrane, the separation gel is fabricated by photo-polymerization. To fabricate
the separation channel, the separation gel precursor solution is carefully loaded into the microfluidic channel
by a syringe. The gel loading direction is indicated by the arrow shown in the diagram. The gel is loaded up to
the specified location to define the separation channel. Gel uniformity is a very important factor for the
repeatability in the analysis. To guarantee uniformity, all microfluidic channels on the separation side of the
membrane must be filled with gel before polymerization. Therefore, a gel plug is created to prevent the gel
leakage during the subsequent gel loading. As shown in the diagram, the gel plug is fabricated by
photo-polymerization such that the area not to be polymerized is protected by a dark-field mask. Usually, the
photo-polymerization process takes about 10 minutes using a Watt UV source. Fabrication of loading channel
[3] Step 3: Fabrication of Loading Channel Materials: The solution contains the degassed 3. This gel solution
will generate a polyacrylamide gel with large pore size and define the loading channels. After both separation
and loading channels are filled with gel, the whole microfluidic device is exposed to UV for 15 minutes. As a
result, the separation and loading gels are polymerized and define separation and loading channels,
respectively. This microfluidic device is now ready to use. Complete microfluidic gel electrophoretic device
[3] Complete Microfluidic Device The diagram shows the complete microfluidic gel electrophoretic device
after fabrication. The device contains polyacrylamide gels with three different pore sizes. The gel with largest
pore size is used in the loading channels to facilitate the electrophoresis of the sample and reagents by
preventing bulk flow. The gel with intermediate pore size is used in the separation channel for protein
separation. Finally, the gel with smallest pore size is used as a size-exclusion membrane for the enrichment
process. The detail descriptions about their functions will be covered in the section entitled Principle of
Operation. In the device design, all the loading channels are connected to the loading areas, which are holes
drilled at the beginning before anodic bonding. The sample and reagents are loaded into there. In addition,
some holes are used as reservoirs for waste collection. These are the places to which the electric current flows.
It is worth noting that in addition to being the loading areas, they are also used as the insertion points for
electrodes, which are connected to a programmable supply voltage source. Principle of Operation Based on the
same principle of electrokinetic transport of charged molecules, the microfluidic gel electrophoresis works
similarly to the regular slab gel electrophoresis, but with much faster processing, more sensitive detection, and
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highly automated-integrated systems. In this section, the fundamental operation of the microfluidic gel
electrophoresis will be discussed using the microfluidic structure described in the previous section. The
channels and reservoirs used to transport the analyte are designed such that they are filled with large pore size
polyacrylamide gel. This large pore size gel facilitates the electrokinetic transport of the analyte by preventing
the bulk flow. A pair of electrodes and their polarities can be assigned instantaneously. This provides a much
better control over the electrokinetic process only attainable in microfluidic environment. Also integrated into
the system is the fluorescence detection capability. It is used to detect the analyte of interest and quantify its
concentration. In this section, a step-by-step operation procedure including the principle behind each step will
be discussed, assuming that the target analytes are negatively charged. Note that the discussion will mainly
focus on the immunoassay application, which is more generalized to the study by Herr et al. Electrokinetically
loading fluorescently-labeled reporter [3] Loading a Reporter of Known Concentration As a tool for
immunoassay study, a reporter specific to a particular protein of interest is used. Acting like a receptor with
high affinity for a target protein, an antibody can be used as the reporter for the detection of protein or antigen
being investigated.
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The authors conclude that electrophoretic methods for nanoanalysis can provide inexpensive and efficient tools for
quality assurance and safety control; and as a consequence, they can augment transfer of nanotechnologies from
research to industry.

This article throws light upon the top ten types of electrophoretic techniques used in biochemistry. The ten
types of electrophoretic techniques used in biochemistry are: Horizontal and Vertical Gel Electrophoresis
Systems: The equipment required for electrophoresis consists basically of two items, a power pack and an
electrophoresis unit. Electrophoresis units are available for running either vertical or horizontal gel systems.
Vertical slab gel units are commercially available and routinely used to separate proteins in acrylamide gel.
The gel is formed between two glass plates that are clamped together but held apart by electrical spacers. The
most commonly used units are the so called mini gel apparatus. A plastic comb is placed in the gel solution
and is removed after polymerization to provide loading wells up to 10 samples. When the apparatus is
assembled, the lower electrophoresis tank buffer surrounds the gel plates and affords some cooling of the gel
plates. A typical horizontal gel system is shown in Fig. The gel is cast on a glass or plastic sheet and placed on
a cooling plate an insulated surface through which cooling water is passed to conduct away generated heat.
Connection between the gel and electrode buffer is made using a thick wad of wetted filter paper. Note,
however, that agarose gel for DNA electrophoresis are run submerged in the buffer. The power pack supplies a
direct current between the electrodes in the electrophoresis unit. Any variation in pH will alter the overall
charge and hence the mobilities rate of migration in the applied field of the molecules are separated. Agarose
is a linear polysaccharide average relative molecular mass about made up of the basic repeat unit agarobiose,
which comprises alternating units of the galactose and 3, 6- anhydrogalactose Fig. Agarose is one of the
components of agar that is mixture of polysaccharides isolated from certain seaweeds. Agarose gels are
formed by suspending dry agarose in aqueous buffer, then boiling the mixture until a clear solution is formed.
This is poured and allowed to cool to room temperature to form a rigid gel. The gelling properties are
attributed to both inter- and intermolecular hydrogen bonding within and between the long agarose chains.
This cross-linked structure gives the gel good anti-conventional properties. The pore size in the gel is
controlled by the initial concentration of agarose; large pore sizes are formed from low concentration and
smaller pore sizes are formed from higher concentrations. Although essentially free from charge, substitution
of the alternating sugar residues with carboxyl, methoxyl, pyruvate and specially sulphate group occur to
varying degrees. Agarose is, therefore, sold in very different purity grades, based on sulphate concentration
â€” the lower the sulphate content the higher the purity. Agarose gels are used for the electrophoresis of both
proteins and nucleic acids. Agarose gels are therefore used in techniques such as Immunoelectrophoresis or
flat bed isoelectric focusing, where the proteins are required to move unhindered in the gel matrix according to
their native charge. Owing to the poor elasticity of agarose gels and the consequent problems of removing
them from small tubes, the gel rod system is sometimes used, since acrylamide gel is not used. Horizontal slab
gels are invariably used for isoelectric focusing or immunoelectrphoresis in agarose. Horizontal gels are also
used routinely for DNA and RNA gels, although vertical systems have been used by some workers. Agarose
Gel Electrophoresis of Nucleic Acids: Nucleic acids are polymers composed of individual nucleotide units.
The units are connected via phosphate diester linkages of the backbone sugars. The net effect of these linkages
is to give the polymers a net negative charge. In a semi-solid matrix like agarose, the equation describing
mobility can be re-interpreted, at least heuristically, by defining gas gel density or concentration and r as the
length of the molecule. That is to say, shorter molecules will migrate faster and longer molecules will migrate
slower. Indeed, in the case of a nucleic acid in a gel in an electrical field, every other element of the migration
expression is a constant and mobility is completely determined by molecular length. As a matter of practice, it
is difficult to accurately resolve double-stranded nucleic acids smaller than about bases in an agarose gel
because the sieving properties of agarose are not fine enough. On the other end of the scale, molecules longer
than about 25, bp but shorter than around 2,, bp will all run at the same rate. This is called limiting mobility.
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Nucleic acid molecules longer than 2,, bp will not even enter an agarose gel. Thus, the effective size range for
agarose gel electrophoresis of double stranded nucleic acids is between bp and 25, bp. In this range the
behaviour of the molecule is precise and predictable. This behaviour is shown in Fig. As can be seen there is
minimal separation of the larger fragments but resolution improves as the fragments get smaller. While this
phenomenon has been known for many years, what was not known was how the nucleic acid molecules
actually moved in the gel matrix. In the s a theory was put forward that nucleic acids migrated through the gel
much the same way that a snake moves. That is, the leading edge moves forward and pulls the rest of the
molecule with it. In this model, as the molecule gets longer resistance being pulled along increases. This
resistance is further increased by the interaction of the molecule with the gel matrix. The increase in resistance
is non-linear. In a group at the University of Washington put this theory to the test. They filmed DNA
molecules moving through an agarose gel. In the mids a number of methods were developed to
electrophoretically analyze nucleic acid molecules in the limiting mobility size range. The solution involved
artificially introducing a size dependent mobility on nucleic acid molecules by altering the electrophoretic
field. The first such alteration involved simply switching the polarity of the field in a regular pattern. Even at
very large sizes, this turning would permit separation of molecules. In the length of time the molecules were
reversed was about one-third the time they were oriented forward, for example, three seconds forward and one
second back, molecules as large as 2,, bp could be resolved in a standard agarose gel in a few hours. Many
laboratories routinely use 0. DNA gels are invariably run as horizontal, submarine or submerged gels; so
named because such a gel is totally immersed in buffer. Agarose, dissolved in gel buffer by boiling, is poured
onto a glass or plastic plate, surrounded by a wall of adhesive tape or a plastic frame to provide a gel about 3
mm in depth. Loading wells are formed by placing a plastic well-forming template or comb in the poured gel
solution, and removing this comb once the gel is set. The gel is placed in electrophoresis tank, covered with
buffer, and samples loaded by directly injecting the sample into the wells. Samples are prepared by dissolving
them in a buffer solution that contains sucrose, glycerol or Ficoll, which makes the solution dense and allows
it to sink to the bottom of the well. A dye such as bromophenol blue is also included in the sample solvent; it
makes it easier to see the sample that is being loaded and also acts as a marker of the electrophoresis front. No
stacking gel is needed for the electrophoresis of DNA because the mobilities of DNA molecules are much
greater in the well than in the gel, and therefore, all the molecules in the well pile up against the gel within a
few minutes of the current being turned on, forming a tight band at the start of the run. General purpose gels
are approximately 25 cm long and 12 cm wide, and are run at a voltage gradient of about 1. A higher voltage
would cause excessive heating. For rapid analyses that do not need extensive separation of DNA molecules, it
is common to use mini-gels that are less than 10 cm long. In this way information can be obtained in h. Once
the system has been run, the DNA in the gel needs to be stained and visualized. The reagent most widely used
is the fluorescent dye ethidium bromide. The gel is rinsed gently in a solution of ethidium bromide 0.
Ethidium bromide is a cyclic planar molecule that binds between the stacked base-pairs of DNA i. The
ethidium bromide concentration, therefore, builds up at the site of DNA bands and under ultraviolet light the
DNA bands fluoresce orange-red. As little as 10 ng of DNA can be visualized as a 1 cm wide band. It should
be noted that extensive viewing of DNA with ultraviolet light can result in damage of the DNA by nicking and
base-pair dimerization. This is of no consequence if the gel is only to be viewed, but obviously viewing of the
gel should be kept to a minimum if the DNA is to be recovered. To achieve this it is necessary to have a
small-pored gel and so acrylamide gels are used instead of agarose. If a wide range of sizes is being analysed it
is often convenient to run a gradient gel, for example, from 3. Sequencing gels are run the presence of
denaturing agents, urea and form amide. Since it is necessary to separate DNA molecules that are very similar
in size, DNA sequencing gels tend to be very long cm to maximize the separation achieved. A typical DNA
sequencing gel is shown in Fig. As mentioned above, electrophoresis in agarose can be used as a preparative
method for DNA. In each case, the DNA is finally recovered by precipitation of the supernatant with ethanol.
Manipulating and analyzing DNA are fundamental in the field of molecular biology. Typically, DNA was
isolated intact and then treated with restriction enzymes to generate pieces small enough to be resolved by
electrophoresis in agarose or acrylamide. Now, instead of cloning a large number of small fragments of DNA,
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PFGE permits cloning and analysis of a smaller number of very large pieces of a genome. Although the theory
of pulsed field electrophoresis is a matter of debate, qualitative statements can be made about the movement of
DNA in agarose gels during PFGE. During continuous field electrophoresis, DNA above kb migrates with the
same mobility regardless of size. This is seen in a gel as a single large diffuse band. If, however, the DNA is
forced to change direction during electrophoresis, different sized fragments within this diffuse band begin to
separate from each other. With each reorientation of the electric field relative to the gel, smaller sized DNA
will begin moving in the new direction more quickly than the larger DNA. The simplest equipment is designed
for field inversion gel electrophoresis FIGE. FIGE works by periodically inverting the polarity of the
electrodes during electrophoresis. Only an electrical field switching module is needed; any standard vertical or
horizontal gel box that has temperature control can be used to run the gel. Although more complex in its
approach, zero integrated field electrophoresis ZIFE also falls into this first category. This causes DNA to
always move forward in a zigzag pattern down the gel. For a similar size range under optimal conditions, these
separations are faster, resolve a wider size range, and give a larger useful portion of the gel compared to their
other counter parts.

Page 7

ELECTROPHORETIC SEPARATION METHODS pdf
4: How Does Capillary Electrophoresis Work - www.enganchecubano.com
ELECTROPHORETIC METHODS has proved to be a highly efficient separation method. Many different compounds can
be separated with this electrophoretic technique, compounds of pharmaceutical interest like vitamins, antibiotics,
antipyretics, barbiturates, etc. MECC can also be used for optical isomer separation.

Abstract Method for electrophoretic separation of nucleic acid fragments comprising the following steps: The
invention also relates to a kit for use in the method for electrophoretic separation of nucleic acid fragments.
Description The present invention relates to a method for electrophoretic separation of nucleic acid fragments
and a kit for use in the method. In particular the invention relates to separation on polyacrylamide based gels
prepared by photoinitiated polymerization. Gel electrophoresis is today a widely used method for separating
biomolecules. The method is routinely used for separating proteins, peptides, nucleic acids etc. One important
application is separation of nucleic acid fragments e. Several automated systems for DNA sequencing are
available in the market. Gel electrophoretic separation of molecules is based on the difference in charge
density of the different molecules as well as the sieving effect of the porous gel media. The extent of sieving
depends on how well the pore size of the gel matches the size of the migrating molecules. Different types of
gel material are used, for example dextrane, agarose and polyacrylamide. Polyacrylamide gels are commonly
used due to their good qualities. Polyacrylamide can be prepared in a reproducible manner, with a wide range
of pore sizes. Besides, the polyacrylamide gels are chemically inert, stable over a wide range of pH and
temperatures and they are transparent. The electrophoretic gel is composed of a network of cross-linked
polymer molecules which forms the pores of the gel. The separating qualities of the gel depend on, among
other things, how big and how evenly distributed the pores of the network are. The size and the distribution on
the other hand, are dependent on the dry solids content of the gel, on the content of cross-linker and on the
method of initiation. The gel based on polyacrylamide is made by polymerization of a monooloefinic
monomer, such as acrylamide, with a bifunctional monomer such as methylene bisacrylamide. The
polymerization can be initiated either chemically e. There are several disadvantages with the chemically
initiated polymerization. The polymerization is strongly inhibited by oxygen as the free radical production is
slow. As it is difficult to know the oxygen content of the gel casting solution it is impossible to obtain a well
defined degree of monomer conversion. The structure of the polymer network will vary from one gel casting
to another, resulting in a bad reproducibility. Further, with the initiator, charged sulfate groups are introduced
into the polymer network, which creates electroendosmosis. As the reaction starts immediately after the
mixing of the components a rather quick application of the reaction mixture into the gel mold is required. To
avoid the above mentioned disadvantages, gels made by photoinitiated polymerization have been proposed.
EP relates to an improved method for preparing photoinitiated electrophoresis gels. The process is based on
photoinintiation with initiator systems such as benzoin ethers, benzophenone derivatives and amines,
phenantrenequinones and amines, naphtoquinones and amines, methylene blue and toluene sulfinate. With
these initiators a faster polymerization is obtained. Still however, the quantum efficiency, i. The majority of
them are also charged species which increase the ionic strength of the gels. This causes the gel resistance to
vary with time during electrophoresis, which in automatic DNA sequencing gives varying distances between
the peaks and thus complicates the automatized peak detection. For many electrophoretic applications the gels
used are ready made gels cast by a supplier. For sequencing separation of nucleic acids however, it is difficult
to use ready made gels. This is due to the fact that the denaturing agent used to separate double stranded DNA,
mostly urea, is not stable in the water containing gel, but forms ionic systems. Thus, it is not possible to use
the commercially available gels for e. The gels for nucleic acid separation are therefore usually cast by the
user at the moment of separation. The predominant method today for initiation of gel solutions for DNA
fragment separation is by chemical initiation. For the gel casting the user has to mix the gel solution and the
initiator, remove oxygen and quickly cast the solution as the initiation starts immediately. Still the other
drawbacks mentioned above are achieved. There is therefore a need for an improved method for the
production of electrophoretic gels for separation of nucleic acid fragments. There is also a need for improved
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methods of photoinitiation of acrylamide polymerization for electrophoresis gel production in general. The
object of the present invention is to obtain an improved method for electrophoretic separation of nucleic acid
fragments. A further object of the invention is to provide an electrophoretic gel for use in electrophoretic
separation of nucleic acid fragments. Yet a further object of the invention is to present an improved gel kit for
use in the production of electrophoretic gels. The objects of the invention are achieved by the method for
electrophoretic separation of nucleic acid fragments and the kit for use in the method, as claimed in the claims.
According to the invention a method for electrophoretic separation of nucleic acid fragments is obtained. The
method comprises the following steps: The invention also comprises a kit for use in a method for
electrophoretic separation of nucleic acid fragments on a polyacrylamide based gel. With the present invention
it was found that by preparing the gel by photopolymerization with special initiators an improved separation
method was obtained. For the prepared gel the content of residual monomers was minimized and a faster and
more complete polymerization was obtained. In DNA sequencing separation, where the user has to cast the
gel, the fast polymerization is especially advantageous. The user will have a gel, ready for use, after about 10
minutes compared with about 2 hours for chemically initiated gels. The photoinitiated polymerization with the
photo initiators used also results in a gel which is very uniformly polymerized. This is important when
analyzing DNA fragments, e. DNA sequencing products, as this analysis means comparison of samples that
have migrated in different places in the gel. The fluorescence based detection which is used today in
sequencing analysis adds further unique demands on the electrophoresis gel. The gel has to be totally
transparent. The detection is made with a laser beam and in some instruments the laser is situated at one side
of the gel. The beam then has a long way to go through the total width of the gel. A small turbidity in the gel
will result in light scattering and a too low intensity of the light when the beam reaches the bands at the
farthest end. The optical homogeneity and the separation qualities of the gel are also very important in
connection with laser detection. Local gradients in the refractive index result in the beam deflecting and the
detection will be incorrect. The demands on the separation qualities of the gel are much higher in automated
DNA sequencing or automated DNA fragment analyzis with laser detection than in ordinary gel
electrophoresis. In ordinary electrophoresis the samples are run to the end of the gel and then the gel is taken
out and developed. In an automated equipment the laser reads the bands at a fixed distance. This means that
the electrophoresis has to be run for a long time to enable all fractions to reach the laser. Then it is important
that the bands do not drift aside and miss the laser or the detectors. The computerized analysis of the result,
which is used in some instruments, is based on that the bands are produced with the same distance between
them. The demands, as mentioned above, are fulfilled in an improved manner by the gels used in the method
of the invention compared with the gels used in the state of the art methods. One reason for the good result is
believed to emanate from the high quantum efficiency of the initiators, an efficiency much higher than for the
state of the art initiators. Also the fact that the gel system is completely without immobilized charged groups
adds to the quality. Thus, the initiators used in the present invention for the preparation of the gels are
especially useful for casting gels for separation of nucleic acid fragments. A preferred embodiment is use of
the photoinitiated gels in automated DNA sequencing, especially with fluorescence based detection. However,
the method according to the invention is also suitable for gel-based separation techniques for nucleic acid
fragments such as for example single stranded conformation polymorphism SSCP. The electrophoretic gels
used in the invention, based on polyacrylamide, are produced by co-polymerization of monoolefinic
monomers with di- or polyolefinic monomers. The co-polymerization with di- or polyfunctional monomers
results in cross-linking of the polymer chains and thereby the formation of the polymer network. As
monoolefinic monomers used in the invention can be mentioned acrylamide, methacrylamide and derivatives
thereof such as alkyl-, or hydroxyalkyl derivates, e. The di- or polyolefinic monomer is preferably a compound
containing two or more acryl or methacryl groups such as e. In a broader sense the expression "based on
polyacrylamide" also comprises, in the present context, such gels in which the monoolefinic monomer is
selected from acrylic- and methacrylic acid derivatives, e. Further examples of gels based on polyacrylamide
are gels made by co-polymerization of acrylamide with a polysaccharide substituted to contain vinyl groups,
for example allyl glycidyl dextran as described in EP Monomers which would introduce non-desirable
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charges into the gel are excluded from the group defined above. The structure of the polymeric network in the
gel is adjusted by adjusting these parameters. An increase of the amount of monomers, i. A more dense
network will also be the result if the amount of cross-linker is increased. A denser network will bring about a
longer separation time but a better resolution of the separated fragments. The initiators used in the present
invention are added to the aqueous monomer solution in an amount of 0, mM, preferably 0, mM. Among
initiator compounds preferred for the invention can be mentioned 1-hydroxy-cyclohexyl-phenyl-ketone: STR4
and 1- 4- hydroxyethoxy -phenyl! STR6 Some of the initiators in the present invention are water soluble and
may thus be mixed directly with the aqueous monomer solution. Other initiators in the present invention have
been used in connection with curing of lacquers, mainly in non-aqueous systems. In order to use such an
initiator in an aqueous solution, the initiator is first dissolved in an organic solvent, which solvent must not
adversely affect the properties of the gel when incorporated in the reaction mixture. Therefore it is important
that the solubility of the initiator in the organic solvent is high enough to make it possible to use only a small
amount of solvent and that the organic solvent containing the dissolved initiator is soluble in the aqueous
monomer solution. As suitable organic solvents can be mentioned alcohols such as ethanol, ethylene glycol
and glycerol, polyalkylene oxides, e. Alternative compounds for dissolving the initiator can easily be found by
the skilled man for different electrophoretic processes. For example, a monomer in a liquid state may often be
useful as a solvent for the initiator. In addition to the initiator and monomers the reaction mixture may contain
various additives, the choice of which will depend on the particular electrophoretic technique contemplated.
Thus, for isoelectric focusing a certain type of amphoteric compounds are added which will create a pH
gradient in the gel during electrophoresis. These compounds can be charged polymer amphoteric compounds
as the water-soluble ampholytes described in GB 1
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5: Gel electrophoresis of proteins - Wikipedia
IEF is an electrophoretic method that separates proteins according to their isoelectric points (pi). Proteins are
amphoteric molecules; they carry either positive, negative, or zero net charge, depending on the pH of their
surroundings (Fig. ).

In simple terms, electrophoresis is a process which enables the sorting of molecules based on size. Using an
electric field, molecules such as DNA can be made to move through a gel made of agarose or polyacrylamide.
The electric field consists of a negative charge at one end which pushes the molecules through the gel, and a
positive charge at the other end that pulls the molecules through the gel. The molecules being sorted are
dispensed into a well in the gel material. The gel is placed in an electrophoresis chamber, which is then
connected to a power source. When the electric current is applied, the larger molecules move more slowly
through the gel while the smaller molecules move faster. The different sized molecules form distinct bands on
the gel. In most cases, the gel is a crosslinked polymer whose composition and porosity is chosen based on the
specific weight and composition of the target to be analyzed. When separating proteins or small nucleic acids
DNA , RNA , or oligonucleotides the gel is usually composed of different concentrations of acrylamide and a
cross-linker , producing different sized mesh networks of polyacrylamide. When separating larger nucleic
acids greater than a few hundred bases , the preferred matrix is purified agarose. In both cases, the gel forms a
solid, yet porous matrix. Acrylamide, in contrast to polyacrylamide, is a neurotoxin and must be handled using
appropriate safety precautions to avoid poisoning. Agarose is composed of long unbranched chains of
uncharged carbohydrate without cross links resulting in a gel with large pores allowing for the separation of
macromolecules and macromolecular complexes. By placing the molecules in wells in the gel and applying an
electric field, the molecules will move through the matrix at different rates, determined largely by their mass
when the charge-to-mass ratio Z of all species is uniform. However, when charges are not all uniform then, the
electrical field generated by the electrophoresis procedure will affect the species that have different charges
and therefore will attract the species according to their charges being the opposite. Species that are positively
charged will migrate towards the cathode which is negatively charged because this is an electrolytic rather
than galvanic cell. If the species are negatively charged they will migrate towards the positively charged
anode. Depending on the number of different molecules, each lane shows separation of the components from
the original mixture as one or more distinct bands, one band per component. Incomplete separation of the
components can lead to overlapping bands, or to indistinguishable smears representing multiple unresolved
components. There are molecular weight size markers available that contain a mixture of molecules of known
sizes. If such a marker was run on one lane in the gel parallel to the unknown samples, the bands observed can
be compared to those of the unknown in order to determine their size. The distance a band travels is
approximately inversely proportional to the logarithm of the size of the molecule. Since passing current
through a gel causes heating, gels may melt during electrophoresis. Electrophoresis is performed in buffer
solutions to reduce pH changes due to the electric field, which is important because the charge of DNA and
RNA depends on pH, but running for too long can exhaust the buffering capacity of the solution. There are
certain biological variables that are difficult or impossible to minimize and can affect the electrophoretic
migration. Such factors include protein structure, post-translational modifications, and amino acid
composition. This is because the acidic residues are repelled by the negatively charged SDS, leading to an
inaccurate mass-to-charge ratio and migration. Types of gel[ edit ] The types of gel most typically used are
agarose and polyacrylamide gels. Each type of gel is well-suited to different types and sizes of analyte.
Polyacrylamide gels are usually used for proteins, and have very high resolving power for small fragments of
DNA bp. Agarose gels on the other hand have lower resolving power for DNA but have greater range of
separation, and are therefore used for DNA fragments of usually , bp in size, but resolution of over 6 Mb is
possible with pulsed field gel electrophoresis PFGE. They also differ in their casting methodology, as agarose
sets thermally, while polyacrylamide forms in a chemical polymerization reaction. Agarose gel electrophoresis
Agarose gels are made from the natural polysaccharide polymers extracted from seaweed. Agarose gels are
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easily cast and handled compared to other matrices, because the gel setting is a physical rather than chemical
change. Samples are also easily recovered. After the experiment is finished, the resulting gel can be stored in a
plastic bag in a refrigerator. Agarose gels do not have a uniform pore size, but are optimal for electrophoresis
of proteins that are larger than kDa. The distance between DNA bands of different lengths is influenced by the
percent agarose in the gel, with higher percentages requiring longer run times, sometimes days. Instead high
percentage agarose gels should be run with a pulsed field electrophoresis PFE , or field inversion
electrophoresis. Low percentage gels are very weak and may break when you try to lift them. High percentage
gels are often brittle and do not set evenly. Polyacrylamide gel electrophoresis Polyacrylamide gel
electrophoresis PAGE is used for separating proteins ranging in size from 5 to 2, kDa due to the uniform pore
size provided by the polyacrylamide gel. Pore size is controlled by modulating the concentrations of
acrylamide and bis-acrylamide powder used in creating a gel. Care must be used when creating this type of
gel, as acrylamide is a potent neurotoxin in its liquid and powdered forms. Traditional DNA sequencing
techniques such as Maxam-Gilbert or Sanger methods used polyacrylamide gels to separate DNA fragments
differing by a single base-pair in length so the sequence could be read. It is currently most often used in the
field of immunology and protein analysis, often used to separate different proteins or isoforms of the same
protein into separate bands. These can be transferred onto a nitrocellulose or PVDF membrane to be probed
with antibodies and corresponding markers, such as in a western blot. The percentage chosen depends on the
size of the protein that one wishes to identify or probe in the sample. The smaller the known weight, the higher
the percentage that should be used. Changes on the buffer system of the gel can help to further resolve proteins
of very small sizes. The gels are slightly more opaque than acrylamide or agarose. Non-denatured proteins can
be separated according to charge and size. They are visualised using Napthal Black or Amido Black staining.
Thus, the mobility of each macromolecule depends only on its linear length and its mass-to-charge ratio. Thus,
the secondary, tertiary, and quaternary levels of biomolecular structure are disrupted, leaving only the primary
structure to be analyzed. Nucleic acids are often denatured by including urea in the buffer, while proteins are
denatured using sodium dodecyl sulfate , usually as part of the SDS-PAGE process. For full denaturation of
proteins, it is also necessary to reduce the covalent disulfide bonds that stabilize their tertiary and quaternary
structure , a method called reducing PAGE. Reducing conditions are usually maintained by the addition of
beta-mercaptoethanol or dithiothreitol. For general analysis of protein samples, reducing PAGE is the most
common form of protein electrophoresis. Denaturing conditions are necessary for proper estimation of
molecular weight of RNA. RNA is able to form more intramolecular interactions than DNA which may result
in change of its electrophoretic mobility. Originally, highly toxic methylmercury hydroxide was often used in
denaturing RNA electrophoresis, [13] but it may be method of choice for some samples. This allows the
physical size of the folded or assembled complex to affect the mobility, allowing for analysis of all four levels
of the biomolecular structure. For biological samples, detergents are used only to the extent that they are
necessary to lyse lipid membranes in the cell. Complexes remainâ€”for the most partâ€”associated and folded
as they would be in the cell. Addressing and solving this problem is a major aim of quantitative native PAGE.
Unlike denaturing methods, native gel electrophoresis does not use a charged denaturing agent. The molecules
being separated usually proteins or nucleic acids therefore differ not only in molecular mass and intrinsic
charge, but also the cross-sectional area, and thus experience different electrophoretic forces dependent on the
shape of the overall structure. For proteins, since they remain in the native state they may be visualised not
only by general protein staining reagents but also by specific enzyme-linked staining. A specific experiment
example of an application of native gel electrophoresis is to check for enzymatic activity to verify the presence
of the enzyme in the sample during protein purification. This stain is commercially sold as kit for staining
gels. If the protein is present, the mechanism of the reaction takes place in the following order: The phosphate
group is released and replaced by an alcohol group from water. The electrophile 4- chloro
methylbenzenediazonium Fast Red TR Diazonium salt displaces the alcohol group forming the final product
Red Azo dye. As its name implies, this is the final visible-red product of the reaction. In undergraduate
academic experimentation of protein purification, the gel is usually ran next to commercial purified samples in
order to visualize the results and make confusions of whether or not purification was successful. Buffers[ edit ]
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Buffers in gel electrophoresis are used to provide ions that carry a current and to maintain the pH at a
relatively constant value. These buffers have plenty of ions in them, which is necessary for the passage of
electricity through them. Something like distilled water or benzene contains few ions, which is not ideal for
the use in electrophoresis. Many other buffers have been proposed, e. Borate is problematic; Borate can
polymerize, or interact with cis diols such as those found in RNA. This means a lower voltage and more time,
but a better product. During electrophoresis in a discontinuous gel system, an ion gradient is formed in the
early stage of electrophoresis that causes all of the proteins to focus into a single sharp band in a process called
isotachophoresis. Separation of the proteins by size is achieved in the lower, "resolving" region of the gel. The
resolving gel typically has a much smaller pore size, which leads to a sieving effect that now determines the
electrophoretic mobility of the proteins. DNA may be visualized using ethidium bromide which, when
intercalated into DNA, fluoresce under ultraviolet light, while protein may be visualised using silver stain or
Coomassie Brilliant Blue dye. If the molecules to be separated contain radioactivity , for example in a DNA
sequencing gel, an autoradiogram can be recorded of the gel. Photographs can be taken of gels, often using a
Gel Doc system. The gel will then be physically cut, and the protein complexes extracted from each portion
separately. Each extract may then be analysed, such as by peptide mass fingerprinting or de novo peptide
sequencing after in-gel digestion. This can provide a great deal of information about the identities of the
proteins in a complex. Applications[ edit ] Estimation of the size of DNA molecules following restriction
enzyme digestion, e. Analysis of PCR products, e. Gel electrophoresis is used in forensics , molecular biology
, genetics , microbiology and biochemistry. The results can be analyzed quantitatively by visualizing the gel
with UV light and a gel imaging device. The image is recorded with a computer operated camera, and the
intensity of the band or spot of interest is measured and compared against standard or markers loaded on the
same gel. The measurement and analysis are mostly done with specialized software. Depending on the type of
analysis being performed, other techniques are often implemented in conjunction with the results of gel
electrophoresis, providing a wide range of field-specific applications. In the case of nucleic acids, the direction
of migration, from negative to positive electrodes, is due to the naturally occurring negative charge carried by
their sugar - phosphate backbone.
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6: Electrophoretic Separation of Proteins | Protocol
Methods of Capillary Electrophoretic Separation Six types of capillary electrophoretic separation methods can be
identified. Capillary zone electrophoresis (CZE) - A free solution is used as the conductive fluid.

Capillary Electrophoresis CE , Capillary Electrophoretic Separation Methods, Capillary Tube, Charge,
Electroosmotic Flow Electrophoretic Mobility What is Capillary Electrophoresis Capillary Electrophoresis
refers to an analytical separation method by which the components of a mixture are separated based on their
electrophoretic mobility. In early experiments, a glass U tube filled with gels or solutions were used.
Capillaries were used after the s. A high voltage electric field is supplied to the ends of the capillary tube. The
electrodes are connected to the ends of the capillary tube through an electrolyte solution or aqueous buffer.
The capillary is filled with a conductive fluid at a certain pH. In addition to detectors and other output devices,
some instruments are used for the temperature control of the system, ensuring reproducible results. The sample
is introduced to the capillary by injection. The instrumentation of capillary electrophoretic system is shown in
figure 1. Capillary Electrophoresis â€” Instrumentation Methods of Capillary Electrophoretic Separation Six
types of capillary electrophoretic separation methods can be identified. Capillary zone electrophoresis CZE
â€” A free solution is used as the conductive fluid. Capillary gel electrophoresis CGE â€” A gel is used as the
conductive fluid. Capillary electrochromatography CEC â€” A packed column is used in exception to the
conductive fluid. A mobile liquid is passed over the column along with the mixture to be separated. Capillary
isoelectric focusing CIEF â€” Mainly used to separate zwitterionic components such as peptides and proteins
that contain both positive and negative charges. A conductive fluid with a pH gradient is used to separate the
protein solution. Each protein migrates to the area with its isoelectric point within the pH gradient. At the
isoelectric point, the net charge of proteins become zero. Each component migrates in consecutive zones, and
the amount of the component is obtained by measuring the length of migration. How Does Capillary
Electrophoresis Work Generally, the charged species begin to move in electric fields. The charge, viscosity,
and molecular radius are the three factors that determine the electrophoretic mobility of a molecule in an
electric field. Charge â€” Cations positively-charged molecules move towards the cathode negative electrode
while anions negatively-charged molecules move towards the anode positive electrode. Viscosity â€” The
viscosity of the medium is opposite to the movement of molecules, and it is constant for a particular separation
medium. Hence, if two molecules with the same size are subjected to electrophoresis, the molecule with the
greater charge will move faster. The rate of migration of the charged species is increased with the increasing
strength of the electric field. The mechanism of capillary electrophoresis is shown in figure 2. In most cases,
the capillary material is silica. Silica is hydrolyzed, yielding negatively charged SiOâ€” ions when the
solutions with pH greater than 3 are passed through the capillary tube. Then, the capillary wall bears
negatively charged layer. Cations of the solution are attracted to these negative charges, forming a double
layer of cations on the negative charges. The inner cation layer is stable while the outer cation layer moves
toward the cathode as a bulk flow of charged molecules. The bulk flow of cations occurs near the capillary
wall during capillary electrophoresis. Electroosmotic flow near the capillary wall is shown in figure 3.
Electroosmotic Flow The small diameter of the capillary wall contributes to maximizing the effect of EOF,
aiding it to play a vital role in the movement of charged species in capillary electrophoresis. Conclusion
Capillary electrophoresis is an analytical separation method in which the charged species are separated based
on their electrophoretic mobility. Generally, the size and the charge of the molecules serve as factors for the
separation.
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7: Capillary Electrophoresis - Chemistry LibreTexts
The electrophoretic separation of proteins can be achieved by various methods, matrices, and buffer systems. By
choosing suitable separation matrices and corresponding buffer systems, one can optimize the separation.

Contributors Capillary electrophoresis is an analytical technique that separates ions based on their
electrophoretic mobility with the use of an applied voltage. The rate at which the particle moves is directly
proportional to the applied electric field--the greater the field strength, the faster the mobility. Neutral species
are not affected, only ions move with the electric field. If two ions are the same size, the one with greater
charge will move the fastest. For ions of the same charge, the smaller particle has less friction and overall
faster migration rate. Capillary electrophoresis is used most predominately because it gives faster results and
provides high resolution separation. It is a useful technique because there is a large range of detection methods
available. Experiments began with the use of glass U tubes and trials of both gel and free solutions. However,
their establishments were not widely recognized until Jorgenson and Lukacs published papers showing the
ability of capillary electrophoresis to perform separations that seemed unachievable. Employing a capillary in
electrophoresis had solved some common problems in traditional electrophoresis. For example, the thin
dimensions of the capillaries greatly increased the surface to volume ratio, which eliminated overheating by
high voltages. The increased efficiency and the amazing separating capabilities of capillary electrophoresis
spurred a growing interest among the scientific society to execute further developments in the technique.
Instrumental Setup A typical capillary electrophoresis system consists of a high-voltage power supply, a
sample introduction system, a capillary tube, a detector and an output device. Some instruments include a
temperature control device to ensure reproducible results. This is because the separation of the sample depends
on the electrophoretic mobility and the viscosity of the solutions decreases as the column temperature rises.
These electrodes help to induce an electric field to initiate the migration of the sample from the anode to the
cathode through the capillary tube. The capillary is made of fused silica and is sometimes coated with
polyimide. Before the sample is introduced to the column, the capillary must be flushed with the desired
buffer solution. There is usually a small window near the cathodic end of the capillary which allows UV-VIS
light to pass through the analyte and measure the absorbance. A photomultiplier tube is also connected at the
cathodic end of the capillary, which enables the construction of a mass spectrum, providing information about
the mass to charge ratio of the ionic species. Image used with permission from Wikipedia. Theory
Electrophoretic Mobility Electrophoresis is the process in which sample ions move under the influence of an
applied voltage. The ion undergoes a force that is equal to the product of the net charge and the electric field
strength. This leads to the expression for electrophoretic mobility: The rate at which these ions migrate is
dictated by the charge to mass ratio. The actual velocity of the ions is directly proportional to E, the magnitude
of the electrical field and can be determined by the following equation4: Electroosmotic Flow The
electroosmotic flow EOF is caused by applying high-voltage to an electrolyte-filled capillary. The capillary
wall then has a negative charge, which develops a double layer of cations attracted to it. The inner cation layer
is stationary, while the outer layer is free to move along the capillary. The applied electric field causes the free
cations to move toward the cathode creating a powerful bulk flow. The rate of the electroosmotic flow is
governed by the following equation: Because the electrophoretic mobility is greater than the electroosmotic
flow, negatively charged particles, which are naturally attracted to the positively charged anode, will separate
out as well. The EOF works best with a large zeta potential between the cation layers, a large diffuse layer of
cations to drag more molecules towards the cathode, low resistance from the surrounding solution, and buffer
with pH of 9 so that all the SiOH groups are ionized. Electroosmotic Flow due to Applied Voltage Capillary
Electroseparation Methods There are six types of capillary electroseparation available: They can be classified
into continuous and discontinuous systems as shown in Figure 3. A continuous system has a background
electrolyte acting throughout the capillary as a buffer. This can be broken down into kinetic constant
electrolyte composition and steady-state varying electrolyte composition processes. A discontinuous system
keeps the sample in distinct zones separated by two different electrolytes. A mixture in a solution can be
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separated into its individual components quickly and easily. The separation is based on the differences in
electrophoretic mobility, which is directed proportional to the charge on the molecule, and inversely
proportional to the viscosity of the solvent and radius of the atom. The velocity at which the ion moves is
directly proportional to the electrophoretic mobility and the magnitude of the electric field. The negatively
charged SiO- ions attract positively charged cations, which form two layersâ€”a stationary and diffuse cation
layer. Anions in solution are attracted to the positively charged anode, but get swept to the cathode as well.
Cations with the largest charge-to-mass ratios separate out first, followed by cations with reduced ratios,
neutral species, anions with smaller charge-to-mass ratios, and finally anions with greater ratios. The
electroosmotic velocity can be adjusted by altering pH, the viscosity of the solvent, ionic strength, voltage, and
the dielectric constant of the buffer. Gels are useful because they minimize solute diffusion that causes zone
broadening, prevent the capillary walls from absorbing the solute, and limit the heat transfer by slowing down
the molecules. It is a highly sensitive system and only requires a small amount of sample. Micelles are
aggregates of surfactant molecules that form when a surfactant is added to a solution above the critical micelle
concentration. The aggregates have polar negatively charged surfaces and are naturally attracted to the
positively charged anode. Because of the electroosmotic flow toward the cathode, the micelles are pulled to
the cathode as well, but at a slower rate. Hydrophobic molecules will spend the majority of their time in the
micelle, while hydrophilic molecules will migrate quicker through the solvent. When micelles are not present,
neutral molecules will migrate with the electroosmotic flow and no separation will occur. The presence of
micelles results in a retention time to where the solute has little micelle interaction and retention time tmc
where the solute strongly interacts. Neutral molecules will be separated at a time between to and tmc. Factors
that affect the electroosmotic flow in MEKC are: Capillary Electrochromatography CEC The separation
mechanism is a packed column similar to chromatography. The mobile liquid passes over the silica wall and
the particles. An electroosmosis flow occurs because of the charges on the stationary surface. CEC is similar
to CZE in that they both have a plug-type flow compared to the pumped parabolic flow that increases band
broadening. These molecules are called zwitterionic compounds because they contain both positive and
negative charges. The charge depends on the functional groups attached to the main chain and the surrounding
pH of the environment. In addition, each molecule has a specific isoelectric point pI. When the surrounding
pH is equal to this pI, the molecule carries no net charge. To be clear, it is not the pH value where a protein
has all bases deprotonated and all acids protonated, but rather the value where positive and negative charges
cancel out to zero. At a pH below the pI, the molecule is positive, and then negative when the pH is above the
pI. Because the charge changes with pH, a pH gradient can be used to separate molecules in a mixture. The
anodic end of the capillary sits in acidic solution low pH , while the cathodic end sits in basic solution high
pH. Most proteins have many ionizable sidechains in addition to their amino- and carboxy- terminal groups.
The proteins of a cell lysate are applied to a pH immobilized gradient strip, upon electrophoresis the proteins
migrate to their pI within the strip. The analyte migrates in consecutive zones and each zone length can be
measured to find the quantity of sample present. HPLC is more thoroughly developed and has many mobile
and stationary phases that can be implemented. HPLC has such a wide variety of column lengths and packing,
whereas CE is limited to thin capillaries. Both techniques use similar modes of detection. Can be used
complementary to one another. How does buffer pH affect the capillary? How does hydrophilicity affect
MEKC? What advantages does capillary electrophoresis provide over liquid chromatography?
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8: Protein Electrophoresis Methods | LSR | Bio-Rad
SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel electrophoresis, describes a collection of related techniques to
separate proteins according to their electrophoretic mobility (a function of the length of a polypeptide chain and its
charge) while in the denatured (unfolded) state.

SDS-PAGE SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel electrophoresis, describes a collection of
related techniques to separate proteins according to their electrophoretic mobility a function of the length of a
polypeptide chain and its charge while in the denatured unfolded state. In most proteins, the binding of SDS to
the polypeptide chain imparts an even distribution of charge per unit mass, thereby resulting in a fractionation
by approximate size during electrophoresis. SDS is a strong detergent agent used to denature native proteins to
unfolded, individual polypeptides. In this process, the intrinsic charges of polypeptides becomes negligible
when compared to the negative charges contributed by SDS. Thus polypeptides after treatment become
rod-like structures possessing a uniform charge density, that is same net negative charge per unit length. The
electrophoretic mobilities of these proteins will be a linear function of the logarithms of their molecular
weights. Native gel methods[ edit ] Native gels, also known as non-denaturing gels, analyze proteins that are
still in their folded state. Thus, the electrophoretic mobility depends not only on the charge-to-mass ratio, but
also on the physical shape and size of the protein. Another drawback is the potential quenching of
chemoluminescence e. The separated proteins are continuously eluted into a physiological eluent and
transported to a fraction collector. The respective structures of the isolated metalloproteins can be determined
by solution NMR spectroscopy. During electrophoresis in a discontinuous gel system, an ion gradient is
formed in the early stage of electrophoresis that causes all of the proteins to focus into a single sharp band.
The formation of the ion gradient is achieved by choosing a pH value at which the ions of the buffer are only
moderately charged compared to the SDS-coated proteins. At this stage all proteins migrate at the same
migration speed by isotachophoresis. This occurs in a region of the gel that has larger pores so that the gel
matrix does not retard the migration during the focusing or "stacking" event. The resolving gel typically has a
much smaller pore size, which leads to a sieving effect that now determines the electrophoretic mobility of the
proteins. At the same time, the separating part of the gel also has a pH value in which the buffer ions on
average carry a greater charge, causing them to "outrun" the SDS-covered proteins and eliminate the ion
gradient and thereby the stacking effect. A very widespread discontinuous buffer system is the tris-glycine or "
Laemmli " system that stacks at a pH of 6. Recent advances in buffering technology alleviate this problem by
resolving the proteins at a pH well below the pKa of cysteine e. An additional benefit of using buffers with
lower pH values is that the acrylamide gel is more stable at lower pH values, so the gels can be stored for long
periods of time before use. Stacking and unstacking occurs continuously in the gradient gel, for every protein
at a different position. The two-gel system of "Laemmli" is a simple gradient gel. The pH discontinuity of the
buffers is of no significance for the separation quality, and a "stacking-gel" with a different pH is not needed.
Visualization[ edit ] The most popular protein stain is Coomassie Brilliant Blue. It is an anionic dye, which
non-specifically binds to proteins. Proteins in the gel are fixed by acetic acid and simultaneously stained. The
excess dye incorporated into the gel can be removed by destaining with the same solution without the dye. The
proteins are detected as blue bands on a clear background. When more sensitive method than staining by
Coomassie is needed silver staining is usually used. Silver staining is a sensitive procedure to detect trace
amounts of proteins in gels, but can also visualize nucleic acid or polysaccharides. Similarly as in nucleic acid
gel electrophoresis, tracking dye is often used. Anionic dyes of a known electrophoretic mobility are usually
included in the sample buffer. A very common tracking dye is Bromophenol blue. This dye is coloured at
alkali and neutral pH and is a small negatively charged molecule that moves towards the anode. Being a
highly mobile molecule it moves ahead of most proteins. Medical applications[ edit ] Schematic representation
of a protein electrophoresis gel. Serum protein electrophoresis showing a paraprotein peak in the gamma zone
in a patient with multiple myeloma. Serum protein electrophoresis and Blood proteins In medicine , protein
electrophoresis is a method of analysing the proteins mainly in blood serum. Before the widespread use of gel
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electrophoresis , protein electrophoresis was performed as free-flow electrophoresis on paper or as
immunoelectrophoresis. Traditionally, two classes of blood proteins are considered: They are generally equal
in proportion, but albumin as a molecule is much smaller and lightly, negatively-charged, leading to an
accumulation of albumin on the electrophoretic gel. A small band before albumin represents transthyretin also
named prealbumin. Some forms of medication or body chemicals can cause their own band, but it usually is
small. Abnormal bands spikes are seen in monoclonal gammopathy of undetermined significance and multiple
myeloma , and are useful in the diagnosis of these conditions. The globulins are classified by their banding
pattern with their main representatives: Paraproteins in multiple myeloma usually appear in this band. Normal
present medical procedure involves determination of numerous proteins in plasma including hormones and
enzymes, some of them also determined by electrophoresis. However, gel electrophoresis is mainly a research
tool, also when the subject is blood proteins.
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9: Top 10 Types of Electrophoretic Techniques Used in Biochemistry
method for separation of proteins. The peared to be net charge on the molecule modified recording systems of
Longsworth (which in turn is a function of the pH and.

B03C by electrophoresis Abstract The invention discloses a free-flow electrophoretic separation method and
apparatus for separating charged substances such as proteins, cells, and the like, by electrophoresis, which
comprises supplying a mixed solution containing the charged substances to be separated, which are dissolved
in a separation buffer, into a separation chamber, circulating the mixed solution inside the separation chamber,
applying a d. Field of the Invention This invention relates to technique for separating charged substances such
as proteins, nucleic acids, cells, and the like, and more particularly to a free-flow electrophotoretic separation
method and apparatus therefor which separates and extracts charged substances by utilizing electrophoresis.
Description of the Prior Art An electrophoretic separation method, a membrane separation method and liquid
chromatography are known conventionally as methods of separating and purifying charged substances such as
proteins, nucleic acids, cells, and the like. The membrane separation method separates proteins by means of its
pore size. Though capable of continuous processing, this method involves the problem that the separability of
proteins is low. Liquid chromatography passes proteins to be separated through a carrier packed column and
separates them. Though the separability is high, this method is not suitable for mass-processing on an
industrial scale because the operation is carried out in batch-wise. The electrophoretic separation method
separates and purifies proteins in an electric field by use of the difference of charge quantities of the proteins.
This method can be classified into a carrier electrophoretic separation method using a carrier such as a gell,
and a free-flow electrophoretic separation method which effects separation in a free flow without using a
carrier. The carrier electrophoretic separation method is conducted batch-wise, and hence the free-flow
electrophoretic separation method is suitable for mass-processing on an industrial scale. This method will be
described in further detail. A mixture of proteins to be separated is charged continuously into a separation
buffer that flow down at a constant speed across an electric field inside an electrophoretic chamber. Since each
protein has a different charge quantity, its electrophoretic mobility is also different in the electric field.
Therefore, each protein is deflected and separated while it flows down in the separation buffer in conjunction
with the flowing velocity of the separation buffer. It can thus be understood that this method can continuously
separate the proteins and hence is effective for the separation and purification of the proteins on an industrial
scale. In order to improve the separability by this method, it is important to always keep constant the flowing
velocity of the separation buffer inside the separation chamber. However, since a current is caused to flow
through the separation buffer, joule heat occurs necessarily, and this heat causes convection in the separation
buffer and hence, turbulence of the flow of the separation buffer. In consequence, the separability of the
proteins drops. To accomplish this object, the separation chamber must be miniaturized in a thin flat sheet
form, and this in turn results in the practical problem that the processing quantity is too small to conduct the
separation on a large industrial scale. The separation of the charged substances is effected by this apparatus in
the following manner. A separation buffer is supplied from the upper inlet of one of the two electrophoretic
chambers, while a separation buffer which contains the two charged substances to be separated are mixed is
supplied from the upper inlet of the other electrophoretic chamber. The separation buffer and the solution of
the charged substances flow down inside the electrophoretic chambers, and some of the charged substances
permeate through the boundary membrane at the center into the other electrophoretic chamber from the
electrophoretic chamber on the supply side due to electrophoresis, while the other flows down through the
electrophoretic chamber on the supply side. The two charged substances are then withdrawn from the lower
outlets of the respective electrophoretic chambers. In this apparatus, too, the thickness of each electrophoretic
chamber is extremely small in order to eliminate any adverse influences of the joule heat caused by the
application of the d. For this reason, the processing quantity is small and the apparatus can not be adapted to
mass processing. It is another object of the present invention to provide a free-flow electrophoretic separation
method and apparatus which has high separation accuracy of charged substances and which can separate the
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charged substances in large quantities. In accordance with a preferred embodiment of the present invention, a
mixed solution of charged substances to be separated and a separation buffer is supplied into a separation
chamber and is circulated inside the separation chamber, a d. In accordance with another embodiment of the
present invention, there is provided a free-flow electrophoretic separation apparatus which comprises a
separation chamber, a pair of electrodes for applying a d. These and other objects and features of the present
invention will become more apparent from the following description to be taken in conjunction with the
accompanying drawings. First of all, the principle of the present invention will be described with reference to
FIG. An electrophoretic separation apparatus shown in the drawing includes an electrophoresis cell 2 disposed
inside a separation chamber 1, and electrode cells 6 and 7 disposed on both sides of the electrophoresis cell 2.
Outlets 10 and 11 for withdrawing solutions separated by electrophoresis or separated solutions are disposed
at the lower and upper end portions of the electrophoresis cell 2 close to the electrode cells 5 and 6,
respectively. A mixed solution of charged substances to be separated such as proteins and a separation buffer
is supplied into the electrophoresis cell 2 through an inlet 9. Electrodes 4 and 5 for applying a d. The
electrophoresis cell 2 and the electrode cells on both sides are separated by membranes 3. The mixed solution
is continuously applied from the inlet into the electrophoresis cell 2, and is circulated in a predetermined
direction inside the electrophoresis cell 2 by suitable circulation means not shown in the drawing. It will also
be assumed that the mixed solution supplied into the electrophoresis cell is circulated in a direction
represented by an arrow in the drawing to form a circulating flow. The charged substrances A and B in the
mixed solution gradually move towards the electrodes while being circulated. In other words, the protein A is
charged negative moves to the positive electrode 7 due to the circulating flow, and after all, to the position
close to the positive electrode 5 that is, close to the outlet 11 at the lower end of the electrophoresis cell 2. The
charged protein 8 charged positive moves towards the negative electrode 4 due to the circulating flow, and to
the position close to the negative electrode that is, close to the outlet 10 at the upper end of the electrophoresis
cell 2. Thus, a separated solution in which the protein B is concentrated is obtained from the upper outlet 10
while a separated solution in which the protein A is concentrated is obtained from the lower outlet As
described above, the present invention circulates forcedly the mixed solution of the separation buffer and the
charged substances to be separated inside the electrophoresis cell, and separates the charged substances by this
circulating flow in cooperation with the movement electrophoresis of the charged substances due to the
application of the d. Some preferred embodiments of the invention based upon the principle described above
will now be described in detail. In the drawing, a separation chamber 1 is shown divided by membranes 3,
thereby forming an electrophoresis cell 2 and electrode cells 6 and 7. The membrane 3 can pass therethrough
small particles such as ions in the separation buffer e. A dialytic membrane for dialysis, an ion exchange
membrane, cellophane, or the like, is suitable as the membrane 3. Electrodes 4 and 5 are disposed in the
electrode cells 6 and 7, respectively. A mixed solution of the separation buffer and proteins A and B is led to
an inlet 9 by a pump 8, and is supplied into electrophoresis cell 2 through the inlet 9. To accomplish the
continuous processing, the mixed solution is continuously supplied from the inlet 21 during the operation of
the apparatus. Electrode buffers that are adjusted to predetermined temperature are supplied to the electrode
cells 6 and 7, respectively. In other words, the electrode buffers are adjusted to the respective temperature set
values by temperature controllers 12 and 13, and are supplied into the respective electrode cells 6 and 7 by
pumps 14 and Afer passing through the electrode cells 6 and 7, these electrode buffers are returned to the
respective temperature controllers 12, 13, thus forming circulating paths. In other words, a temperature
distribution in this case is such that the mixed solution close to the electrode cell 6 has a high temperature, and
the mixed solution close to the electrode cell 7, a low temperature. As a result, the mixed solution inside the
electrophoresis cell 2 circulates due to thermal convection. The circulating direction is represented by an
arrow in the drawing. A guide member 21 is disposed at the center of the electrophoresis cell 2 to make more
reliable the formation of the circulating flow. It has openings or notches at its upper and lower portions so as
not to disturb the circulating flow. The guide member 21 consists of a porous material having pores or gaps
sufficient enough to permit the passage of proteins. Assuming that the mixed solution containing the proteins
A and B is continuously supplied to the electrophoresis cell, the proteins A and B flow and move with the
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circulating flow of the mixed solution, and move to the negative and positive electrodes 5 depending upon the
polarity of charge. As a result, the proteins separated by movement are condensed at the portions close to the
outlet 10 and close to the outlet 11 of the electrophoresis cells 2. These separated solutions are withdrawn
from the outlets 10 and 11 by pumps 16 and 17, respectively, thereby providing the separated proteins A and
B. An example when charged substances were separated by use of the apparatus shown in FIG. Separation
example by the apparatus shown in FIG. Boric acid buffer whose pH was adjusted to 9. The mixed solution
supplied from the inlet was prepared by dissolving the charged substances in the boric acid buffer. The
concentration of each charged substance was 0. The volume of the electrophoresis cell 2 was 60 cm3, and a
cellulose acetate membrane was used as the separation membrane 3. A constant current of 0. The separated
solutions were analyzed by high-performance liquid chromatography. As a result, the separation reached the
steady state at about 60 minutes after the feed of power, and myoglobin and lysozyme in the separated
solution withdrawn from the outlet 10 were 0. Incidentally, these data were when the guide member 21 was
not disposed. In this case, the experimental condition was the same as described above. Myoglobin and
lysozyme in the separated solution withdrawn from the outlet 10 were 0. A better result could thus be obtained
by use of the guide plate Next, another embodiment of the present invention will be described with reference
to FIG. The apparatus shown in FIG. In the apparatus shown in FIG. As shown in FIG. Incidentally, the
temperatures of the electrode buffers to be supplied to the electrode cells 6 and 7 are controlled to the same
temperature by the temperature controller It is of course possible to provide a temperature difference between
both electrode buffers to be supplied to the electrode cells in the same way as in the apparatus shown in FIG.
However, the circulating flow of the mixed solution may be formed by disposing a jet pump inside the
electrophoresis cell 2. The following is an example when charged substances were separated using the
apparatus shown in FIG. Example of separation by the apparatus shown in FIG. The charged substances to be
separated and the separation buffers were the same as those used in FIG. The other condition was also the
same. The mixed solution was supplied by the pump 8 from the inlet 9 at a flow velocity of 1. The circulating
flow by the circulating pump 18 was 1. As a result, under the steady state, myoglobin and lysozyme were 0.
When a filtration membrane pore diameter 2. Next, still another embodiment of the invention will be
described with reference to FIG. The interior of the separation chamber 1 is divided concentrically into three
portions by the membrane 3, that is, the electrode cell 6, the electrophoresis cell 2 and the electrode cell 7 at
the center, from the peripheral portion of the separation chamber 1 in order named. The electrode 4 is disposed
in the electrode cell 6, and the electrode 5 forming a pair with the former is disposed in the electrode cell 7. A
plurality of electrodes 4 on the peripheral side are disposed around the inner circumference of the chamber 1.
The inlet 9 is disposed at the drum portion of the separation chamber 1 and is sufficiently long to reach the
electrophoresis cell 2. A plurality of inlets 9 are also disposed in the circumferential direction. A plurality of
upper outlets 10 are disposed at positions close to the center electrode 5 inside the cylindrical electrophoresis
cell 2. A plurality of lower outlets 11 are disposed at positions close to the electrodes 4 on the peripheral side
in the electrophoresis cell 2. The membranes consists of such a material that permits the passage of small
particles such as ions in the separation buffer and electricity but not large particles such as proteins. The
temperature controllers 12 and 13 control the temperatures of the electrode buffers to be supplied to the
electrode cells 6 and 7 to the respective values.
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