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ABSTRACT 

The peak profile of individual degranulation events from the on-column release of 

serotonin from single rat peritoneal mast cells (RPMCs) was monitored using capillary 

electrophoresis with laser-induced native fluorescence detection (CE-LINF). Serotonin, an 

important biogenic amine, is contained in granules (0.25 fL) within RPMCs and is extruded by 

a process termed exocytosis. The secretagogue, Polymyxin B sulfate, was used as the CE 

running buffer after injection of a single RPMC into the separation capillary to stimulate the 

release of the granules. Because the release process occurs on a ms time scale, monitoring 

individual exocytotic events is possible with the coupling of high-speed CE and LINF 

detection. 
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CHAFIER 1 

GENERAL INTRODUCTION 

Thesis Organization 

Chapter 1 gives a general introduction on single cell andysis. Chapter 2 is a paper 

which has been accepted in a chemistry journal. Chapter 3 gives overall conclusions. Each 

chapter is followed by a reference list. 

Single Cell Analysis 

Single cell analysis has received much attention lately in the biological sciences due to 

the advances in the development of microscale analytical techniques. These techniques include 

immunoassay,' fluorescent imaging: optical and electron microscopy,3 microscale ion- 

selective electrodes,46 and enzyme reactivity meas~rernents.~ Some limitations associated with 

these methods include inadequate sensitivity, poor qualitative capabilities, and inability to 

determine multiple components. Microcolumn liquid chromatography and capillary 

electrophoresis coupled to electrochemical or laser-induced fluorescence (LIF) detection offer 

the best performance because of their ability to monitor chemical components and dynamics on 

a time scale appropriate for cellular processes and at extremely small sampling volumes. 

The importance of determining the composition and dynamics of single cells will lead to 

the understanding of the biological functionality and roles of cells within their heterogeneous 

environments. By analyzing cells individually, one can identify abnormal cells that carry 

biological markers for certain diseases so that disease screening and understanding of the 

disease is possible. Because cells engage in numerous activities, such as chemical transport 

and reaction, self-regulation, and stimuli response, the ability to monitor such activities will 

provide a better understanding of how cells function, such as the effects of drugs and toxins on 

the chemical contents of cells. Such analyses can further provide information on cellular 

differentiation, intercellular communication, neurotransmitter uptake and release, signal 



2 

transduction pathways, and ion transport systems. In particular, there is great interest to 

investigate the link between secretion of chemical messengers and its biological reactions. 

The secretion of neurotransmitters and hormones is central to many important biological 

functions and is a popular topic in single cell analysis. From the secretion of insulin from 

pancreatic p-cells in response to elevated glucose concentrations, to the secretion of 

neurotransmitters to control a variety of neuromodulatory functions of mammalian and 

nonmammalian species, the monitoring of chemical release from single cells is challenged by 

the extremely minute amount of chemical released, the small and complex working 

environment and the rapid time scale these processes occur within. 

Capillary Electrophoresis with Laser-Induced Fluorescence (CE-LIF) 

As mentioned above, there are many techniques currently available that have been used 

to analyze individual cells. To date, results from microcolumn HPLC and CE with 

electrochemical'* lo and LIF detection"*'2 offer excellent performance in terms of sensitivity and 

quantitative and multicomponent abilities. 

Even though amperometry offers high sensitivity and voltammetry provides qualitative 

information, only a few biomolecules are intrinsically electroactive. Electrode-fouling due to 

contamination, restriction to the size of electrode and dilution due to diffusion are some 

challenges that are encountered with electrochemical detection. 

Single cell analysis by HPLC often involves the use of an internal standard to account 

for the variables associated with the sample preparation and injection.' After isolation and 

transfer of a single cell by a micropipette into a microvial, the cell is homogenized and 
centrifuged. A sample of the supernatant is then injected into the LC microcolumn. A 

drawback of this method is the inability to analyze dynamic cellular processes, such as release 

and uptake. 

Since many biomolecules will naturally fluoresce when excited with suitable laser 

wavelengths, laser-induced native fluorescence (LINF) is a favorable detection technique used 



3 

for single cell analysis. As a direct detection method, LINF avoids problem associated with the 

derivitization reaction, such as incomplete or slow reactions, dilution of reaction products and 

contamination due to sample handling. Even though the small quantities of material in a cell 

and the low fluorescence efficiency would not typically be considered to provide sensitive 

detection, the detection limits obtained by LINF are impre~sive.'~ Many neurotmnsmitters and 

proteins excite at wavelengths that closely match the UV wavelengths of argon ion lasers. 

Single cell analysis using CE has many advantages over HPLC. Because of the small 

dimensions of the capillary tubes, small sample volumes can be used. Cells typically have 

volumes in the femtoliter range. By using higher potential fields and shorter capillary lengths 

(migration distances), high separation efficiency and speed are obtained and axial diffusion is 

limited. A whole cell can be sampled by directly drawing it into the tip of the capillary by 

electrokinetic or vacuum injection. All the cellular contents are sampled giving better detection 

limits for low-level components. In this way, the capillary column can be used as the site of 

single cell manipulation, such as derivitization or on column release. Recently, CE has also 

been shown to provide a dual role in the separation and temporal monitoring of a biological 

event. l4 

Cell Injection 

The vacuum injection method we used is diagrammed in Figure 1. An air-tight septum 

is placed over the outlet buffer vial of the CE system. The detection end of the capillary and a 

syringe are inserted into the septum. After placing the inlet end of the capillary into a drop of 

cell suspension solution on a microscope slide and looking under a light microscope (lOOX 

magnification), one can control the pressure of the syringe and visually confirm the cell 

injection and adhesion onto the capillary wall. Cell adhesion is important if cellular release is 

the process being studied. We have found that pretreating the capillary occasionally with 

NaOH between runs helps in cell adsorption to the capillary wall.I4 
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Figure 1. Schematic of single cell injection into a capillary. 
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Experimental Setup 

A typical setup used for single cell analysis using CE-LINF is diagrammed in Figure 

2. The appropriate wavelength from a laser is used as the excitation source and is isolated with 

a prism. The light is directed into a safety interlock box where CE is performed A quartz lens 

focuses the light onto the detection window of the capillary. The detection window is held 

securely with a capillary holder to prevent unnecessary movement. Fluorescence is collected at 

90" with a 20X microscope objective and passed through appropriate filters and onto a 

I 
F I 

O L  
- - - - - - - (MO.) -UCH 

photomultiplier tube (PMT). Electropherograms are recorded and stored on a computer. 

- - - - - - - - - -  laser in - 

Figure 3. Schematic of' experimental setup. 
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Cell Isolation 

There have been many cell types studied in single cell analysis. The measurement of 

native fluorescence from their cellular components include insulin from pancreatic fl  cell^,'^ 

serotonin from rat peritoneal  cell^,'^ catecholamines in adrenal medullary cells,16 and 

hemoglobin variants from human  erythrocyte^.'^ 

Depending on the cell type of interest there are many different procedures to isolate 

viable cells. In our study, we used rat peritoneal mast cells (RPMCs). Mast cells occur 

primarily in the loose connective tissue surrounding blood vessels, glandular ducts, and under 

epithelial, serous, and synovial membranes.'* It is very important to isolate mast cells free of 

peritoneal macrophages which make up the majority of peritoneal cells. Contamination with 

lysosomal enzymes from macrophages may digest surface components of perigranular and 

plasma membranes or the granule matrix itself.lg There have been many methods utilizing 

density gradient centr i fugat i~ns. '~~~~ A simple, rapid, and reliable method to obtain high-yield 

and high-purity mast cells with preservation of morphological and biological integrity of the 

cells is a primary concern. Generally, the healthy mast cell is round and smooth with dense 

cytoplasmic granules occupying the cytoplasm. The average mast cell measures 12.6 pm in 

diameter, and each granule is approximately 0.2 to 0.4 pm in diameter. 

followed was based on the method of Parpura and Femandez2' 

The procedure we 

Briefly, mast cells were isolated by peritoneal lavage from male Sprague-Dawley rats. 

The rats were anesthetized and then decapitated. Approximately 50 mL of the lavage saline 

consisting of C02-independent medium containing 0.175% fatty acid-free bovine serum 

albumin was injected into the peritoneal cavity. The rat was inveited and massaged for -5 

minutes, an incision made into the cavity and the lavage saline withdrawn. The lavage was 

centrifuged for 10 minutes (700 rpm , lOOg, 10°C) and the resulting pellet was resuspended in 
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1 mL of fresh lavage saline and layered over 2 mL of 0.22% metrizamide (dissolved in the 

lavage saline). After a 20 minutes (1400 rpm ,400g, 10°C) centrifugation, the supernatant 

was discarded. The remaining pellet was resuspended and centrifuged for 10 minutes (700 

rpm, lOOg, 10°C). Again, the supernatant was discarded and the cells were resuspended in the 

lavage saline until use. 

Cellular Release 

Methods used to release cellular contents include cell lysis, either by a lysing agent" or 

a difference in osmotic pre~sure'~ and exocyto~is.'~ 

Exocytosis is a common secretory mechanism. Secretory cells, such mast cells, 

chromaffin cells, and PC12 cells, contain large numbers of secretory granules that contain 

biologically active mediators. The discharge of the contents of a granule requires the granule 

membrane and the plasma membrane of the cell to come into contact and fuse, forming an 

opening through which the granular contents can be released. This process is termed 

exocytosis and is stimulated by proper secretagogues or releasing agents. 

There are a number of compounds that cause noncytotoxic degranulation of secretory 

cells. Common agents for mast cells include concanavalin A (Con A), dextran, Compound 

48180, Polymyxin B sulfate (Pmx), and calcium ionophore.'8 For chromaffin cells, ni~otine:~ 
Baz+ 25 , and digitonin:6 are some secretagogues used to induce exocytosis of catecholamines. 

K+- and nicotine-solutions evoke release of catecholamine release from PC 12 cells.27 

Specifically, mast cells synthesize, store and release serotonin, a neurotransmitter 

associated with psychiatric disorders within the brain and its presence in other peripheral 

tissues suggests its association with other disorders, and histamine, a neurohormone that 

triggers a variety of allergic reactions. 

The sequential exocytosis of mast cell granules is depicted in Figure 3.23 Membranes 
of the secretory granules in the cytoplasm first fuse with the plasma membrane, followed by 
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extrusion of the granules into the extracellular matrix Mediators are then displaced from the 

granular core. Multiple fusion events may occur in which more than one granule fuse together 

before being released.23 

CONCLUSION 

Because exocytotic events are thought to occur on a submillisecond time scale, 

providing temporal resolution to resolve individual events is necessary. The use of fast CE has 

been demonstrated before using high applied potentials. The following chapter describes the 

application of high-speed CE with LINF detection to resolve the peak profile of individual 

degranulation events released from RPMCs. 
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Figure 3. Diagram showing sequenual exocytosis of mast cell granules. See text for 
explanation. 
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CHAFER3 

GENERAL CONCLUSIONS 

Answers to important questions in the field of cellular biochemistry can be provided by 

direct chemical analysis of single cells. Recently, many analytical techniques have been 

developed to provide methods to examine chemical and physiological events at the single cell 

level. Miniaturization of these techniques allows extremely minute samples to be detected in a 

rapid time scale. 

CELINF is a highIy effective and practical method due to the small sample 

requirements, high separation efficiency and speed, the ability to manipulate single cells on 

column, and sensitive detection. The ability to detect minute amounts of chemical species 

involved in cellular and neuronal functions, when combined with molecular biology techniques 

designed to determine structure-related proteins, will provide further understanding of the roles 

of single cells in complex biological environments. 
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