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	Introduction


In order to understand systems at a molecular level, very complicated experimental measurements need to be made using sophisticated analytical and bio-analytical equipment. 
In order to get some knowledge about analytical/bio-analytical instrument and their applications, this project aims to study the principles behind the operation of capillary electrophoresis. Instrumentation of the capillary electrophoresis is introduced; modes for separation and calculation are discussed; limitations of the instrument are listed with suggestions of improvement provided; finally, how the instrument can be linked to the monoclonal antibodies secretion is also analyzed.
	Background Information


Background of Study
In the study of the monoclonal antibody synthesis in exponentially growing and stationary phase hybridoma cells in Project 2, three steps are involved before the antibody can be produced, namely the transcription of mRNA, translation of mRNA and assembly of heavy and light polypeptides to form antibody. 
In order to set up the kinetic models for use in PolyMath simulation in Project 2, several parameters need to be measured during experiments. These parameters, including the amount of mRNA transcript, the amount of heavy and light polypeptides manufactured in translation process and the amount of assembled polypeptides (heavy-heavy chain dimer, heavy-heavy-light chain conjugate and heavy-heavy-light-light chain complete antibody) are to be obtained with specific bio-analytical instruments. 

Choice of Bio Analytical Instrument
mRNA, heavy and light polypeptide chains and conjugated structure are all electrically charged. The difference among these substances exists in their mass and charge electricity. Heavy mRNA contains more nucleotides associated with heavier mass and more charges while light mRNA has less. Light chain and heavy polypeptide chains are different in both the types and the amount of amino acid contained, result in different charge and mass. 
Therefore, to identify the heavy and light mRNA, heavy and light polypeptide chains in the batch of hybridoma culture, Capillary Electrophoresis instrument is chosen to serve for the purpose of separating and identifying different components. 
	Instrumentation 


In a capillary electrophoresis, ionic species can be separated due to the difference in their charges and frictional forces. With detailed procedure discussed below.

Electrophoresis

A schematic of a capillary electrophoresis (CE) is shown in Figure 1
. During operation, the sample, source and destination vials, being main parts of the instrument, will be filled with electrolyte buffer solutions. The capillary inlet is placed into the sample vial and then returned to the source vial in order to introduce the sample for analysis via capillary action. By application of an electric field between the source and destination vials using the high voltage power supply, analytes begin to migrate in the same direction as pulled by the electroosmotic flow. Due to different electrophoretic mobility of the analytes, they can be separated during the migration process, and be detected at the capillary outlet. The information, being detected by the detector and sent out to the integrator or computer, can then be displayed as an electropherogram, showing separated chemical compounds as peaks with different retention times.
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Electroosmosis
Electro-osmosis is the motion of polar liquid through a membrane or other porous-structured materials along charged surfaces of any shape under the influence of an applied electric field
. In general, a surface carries a net charge which comes about either through dissociation of the chemical groups on the surface or by the adsorption of ions or molecules from the solution onto the surface. 
In electrophoresis capillary tube shown in Figure 2
, silica surface of the capillary column is covered with silanol groups (Si-OH) carrying a negative charge (Si-O) at pH > 3. When immersed in an electrolyte, the surface will begin to attract positively charged ions. Net excess of positive ions immobilize on wall, forming a thin region between the surface and the diffuse layer, referred to as Stern layer. Positive charged Stern layer will accelerate the ion in the layer next to Stern layer to move in the same direction towards cathode by momentum transfer. In other words, with tangential electric field, excess cations in the diffuse layer are attracted to the cathode; this imparts a pumping action onto the whole fluid column which moves toward the cathode. All ions, positive or negative, are pulled through the capillary in the same direction by the electro-osmotic flow.
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Detection Methods
UV absorbance
A detection cell can be added into the capillary itself, near the end of the capillary tube. The portion of the capillary used for UV detection is coated with optically transparent coating instead of polymers to improve the stability of the cell window. However, as the sensitivity of the detector is proportional to the path length of the cell, detector cell in capillary electrophoresis (path length ≈ 50 micrometers) is far less sensitive than traditional UV cells (path length ≈ 50 cm). Though sensitivity can be improved by increasing the path length, resolution of the separation would be affected.
Fluorescence Detection
For samples containing fluorescent tags, either naturally or have been modified chemically, detection can be carried out using laser-induced fluorescence method. With high intensity of the incident light used and accuracy of the light focusing on the capillary, high sensitivity could be achieved providing detection limits to as low as 10-18 to 10-21 mol. However, this method, though highly sensitive, can not be applied for samples containing no fluoresce.

The capillary electrophoresis can then be coupled with a mass spectrometer, such that ions can be directly analyzed after coming out from the capillary.
	Modes of Separation and Calculation



Electrophoresis

The electrophoretic migration velocity in a capillary electrophoresis is calculated using:
vp = μpE

where: vp is the electrophoretic migration velocity of an analyte toward the electrode of opposite charge;
μp is the electrophoretic mobility;
E is the electric field strength. 
The electrophoretic mobility is given by: 
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where: z is the net charge of the analyte;

r is the Stokes radius of the analyte;

η is viscosity of medium, which dependent on pH and shape of ion.
The Stokes radius:
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where: kB is the Boltzmann constant;


T is the temperature;


D is the diffusion coefficient. 

The electrophoretic mobility of the analyte can be determined in term of measurable properties from experiment. 
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where: L is the distance from the inlet to the detection point;

tr is the migration time required for the analyte to reach the detection point; 

V is the applied voltage;

Lt is the total length of the capillary.
Since only charged ions are affected by the electric field, neutral analytes are poorly separated by capillary electrophoresis.
Electroosmosis

The velocity of migration of an analyte in capillary electrophoresis will also depend upon the rate of electroosmotic flow (EOF) of the buffer solution.

vo = μoE

where: vo  is the velocity of the electroosmotic flow;

μo is the electroosmotic mobility.
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The electroosmotic mobility can be calculated using:
where: ζ is the zeta potential of the capillary wall, formed by Stern layer


ε is the relative permittivity of the buffer solution. 
Combine Effects of Electrophoresis and Electroosmosis
The electroosmotic flow is directed toward the negatively charged cathode so that the buffer flows through the capillary from the source vial to the destination vial, while electrophoresis serves to move analytes towards the electrode of opposite charge. With a combination of electrophoresis and electroosmosis, the velocity (v) of an analyte in an electric field can then be defined as:
vp + vo = (μp + μo)E
In a typical system, the electroosmotic flow of the buffered solution is generally greater than that of the electrophoretic flow of the analytes. Therefore, all analytes will be migrated towards the cathode, though the migration of negatively charged analytes can be slower due to the effects of their opposite electrophoretic and electroosmotic mobilities. Particles with larger mass will also migrate slower in the capillary.
Efficiency and Resolution

The number of theoretical plates, or separation efficiency, in capillary electrophoresis is given by: 
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where: N is the number of theoretical plates;

μ is the apparent mobility in the separation medium; 


Dm is the diffusion coefficient of the analyte.
The efficiency of separation is only limited by diffusion and is proportional to the strength of the electric field. The efficiency of capillary electrophoresis separations is typically much higher than the efficiency of other separation techniques like HPLC. On the other hand, capillary electrophoresis has no mass transfer between phases. 
In addition, the flow profile in EOF-driven systems is flat, rather than the rounded laminar flow profile characteristic of the pressure-driven flow in chromatography columns shown in Figure 3
. As a result, EOF does not significantly contribute to band broadening as in pressure-driven chromatography. 

Resolution of capillary electrophoresis separation is given by:

Denominator of the equation is minimized when the electrophoretic and electroosmotic mobilities are similar in magnitude but opposite in sign, which giving rise to maximum value of resolution. By increasing analysis time and lowering velocity, high resolution can also be achieved.

	Instrument Limitations


Capillary electrophoresis can not be used for separation of:

(1) Analytes that are neutral in charge and do not migrate in presence of electric field;

(2) Analytes that have similar charge to mass ratios such that their electrophoretic mobilities will also be similar, giving rise to insignificant separation at the capillary outlet.

. 
Several techniques can help separate such analytes with a capillary electrophoresis system. Adding a surfactant to the electrolyte can facilitate the separation of neutral compounds by micellar electrokinetic chromatography. Charged polymers such as DNA can be separated by filling the capillary with a gel matrix that retards longer strands more than shorter strands, by capillary gel electrophoresis. This is a high-resolution alternative to slab gel electrophoresis. Some capillary electrophoresis systems can also be used for microscale liquid chromatography or capillary electrochromatography. A capillary electrophoresis system can also be used for isotachophoresis and isoelectric focussing.
	Application in Study of Monoclonal Antibodies Secretion


Single heavy and light mRNA strands, though have different charge and mass, their charge to mass ratio are relative constants. This is because mRNA consists of nucleotides, and each nucleotides carry similar charge and mass. The charge to mass ratio is therefore constant over the difference of the number of nucleotides in each strand. 
To separate heavy mRNA from light mRNA, capillary gel electrophoresis might help. The separation mechanism is through molecular sieving. Polyaccrymide agarose gel provides an anticonvective medium for the electrophoresis process. The gels resolve mRNA fragment by acting as molecular sieves. The amount of sieving can be controlled by adjusting the concentration of the gel. 

For polypeptide and antibody, the separation can be capillary zone electrophoresis. Free solution is used as the medium for separation. Separation mechanism is depending on the charge to mass ratio. Polipeptide chain with higher charge to mass ratio will migrate faster than polypeptide with lower charge to mass ratio.

Typical Expected Result

We expect that light mRNA will migrate faster than heavy mRNA. Light mRNA will be detected first. Though both of heavy and light mRNA have similar charge to mass ratio as have been explained at above, light mRNA is shorter in chain and can be easily being sieved out from the gel in capillary gel electrophoresis.

Light polypeptide (L), heavy polypeptide (H), heavy-heavy polypeptides dimer (H2), heavy-heavy-light polypeptide (H2L) and complete antibody structure (H2L2) are the polypeptides that we need to separate. We expect L will be detected and separated first, follow by H, H2, H2L and H2L2. This is because L has less amino acid and contains less mass compare to the rest. The mass of polypeptides increase in order, causing it is harder to be separated and detected later as in sequence. However, we cannot predict that separation according to total charge of chain as different chain has differnet amino acid with different function group and charges..
Other Application
Electrophoresis apillary has been applied to a variety of analytical separation problems. It is useful to separate 
1. Amino acids, peptides, protein like enzymes, hormones and antibody. 
2. Nucleic acids (DNA, RNA), nucleotides

3. Drugs.

4. Vitamins and carbohydrate

5. Inorganic cations and anions.

Limitation to Experiment

To model the kinetic of experiment, we need to separate and obtain the amount of each component in the batch culture. CE allows us to identify each component but cannot tell us the amount of each component. CE just gives us a brief idea on the amount of each component through the width of band for each component during separation. To solve the problem, another bio analytical instrument is needed, connected to the end of detection point for the measure of amount of each component. This device should be able to identify and process the concentration of components.
In constrast, High Pressure Liquid Chromatography is a good choice as it can separate, identify and measure the amount of each component in analyte. However, HLPC faces the problem of mRNA and polypeptides are high in molecular weight, not easy to be volatilized and separated in the HPLC column.

Figure 2. Illustration of electroosmotic flow passing through capillary walls





Figure 1. Capillary Electrophoresis System





Figure 3. Flow profiles of laminar flow and electroosmotic flow 
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