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ABSTRACT 

It is well documented that a peroxidase, H2O2, and a halide form a "cytotoxic 

triad." As a result of the interactions of the components of the triad, reactive oxygen 

intermediates (ROI) are formed and these ROI help to destroy various invading 

pathogens including Candida. The present study was undertaken to determine if 

equivalent units of peroxidase activity also induced equivalent macrophage-mediated 

killing of Candida. Peritoneal macrophages were obtained from age matched C57BL/6J 

mice and exposed to various concentrations of eosinophil peroxidase (EPO), 

myeloperoxidase (MPO), and horseradish peroxidase (HRP). Equivalent units of 

peroxidase as determined by oxidation of guaiacol, did not induce equivalent production 

of ROI. Luminol-dependent chemiluminescence studies indicated that 10 units of EPO 

induced more ROI than either HRP or MPO. Candidicidal activity and phagocytosis of 

M(t) was measured using a fluorescence acridine orange phagocytosis assay. The 

following pattern EPO>MPO>HRP emerged for both assays. Therefore, enzymatic 

activity does not directly correlate with candidicidal activity. These data indicate a 

distinct order of peroxidases relative to their ability to stimulate chemiluminescence and 

macrophage-mediated killing. 
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CHAPTER I 

INTRODUCTION 

Macrophages (M(j)) play a number of important roles in host defenses. 

Phagocytosis of pathogens at the site of infection or injury is among their earliest 

functions. It has been documented that phagocytosis is strongly correlated with increased 

production of reactive oxygen intermediates (ROI). Increased ROI production is usually 

observed after perturbation of the cell membrane and is associated with the respiratory 

burst (1). 

Peroxidases are heme-containing enzymes that fiinction to catalyze the conversion 

of hydrogen peroxide (H2O2) to more toxic ROI such as superoxide anion (O2"), and 

hydroxyl radicals (OH). These enzymes can also react with H2O2to form hypohalous 

acids, which may participate in the cytotoxic triad. The cytotoxic triad which is 

composed of H2O2, peroxidase, and a halide, functions in the destruction of various 

invading pathogens, including bacteria, fungi and mammalian cells (2-4). 

Previous studies in this laboratory have shown that M^ exposed to peroxidases 

have enhanced functions, including: killing potential (5), microbicidal activity (5-7), and 

increased cytokine gene transcription and secretion (unpublished data). 

It has been suggested that peroxidases with the same relative enzymatic activit>. 

as measured in guaiacol units, exhibit the same biological and biochemical functions. 

However, experiments performed in this laboratory have suggested that eosinophil 

peroxidase (EPO) may be more efficient than myeloperoxidase (MPO) in boosting killing 

potential and candidicidal activity. In vivo, these enzymes are utilized to kill pathogens of 

|.ii!.'.t J..:?—"^r^"^."^ L.us.-r.n.-d'ZEvM - ••-



differing sizes, i.e., EPO functions in the elimination of large extracellular pathogens 

(2,8) and MPO is utilized in the destruction of smaller intracellular pathogens (5,9.10). 

Chemiluminescence (CL) is a non-destructive means for continuous measurement 

of phagocyte oxygenation (11,12). Often chemiluminogenic techniques can be employed 

to study oxygenation activity of M(t). Luminol-dependent CL is one of the most 

commonly employed techniques. Luminol reacts with oxygen species generated from 

either the neutrophil or the M(|) to produce an excited state that emits light upon return to 

the ground state (12). Chemiluminescence can be accelerated by the presence of 

peroxidases, which leads to an increase in light production. The amount of light produced 

when M(() are exposed to an appropriate challenge is indicative of the relative amount of 

ROI production. 

With the widespread advance of AIDS and the drug therapy required for the 

transplant patient, both of which result in immunosuppression, Candida infections have 

become more prevalent (13,14). Some studies have demonstrated that 85% of HIV-

infected individuals are colonized by Candida species (15) and that the majority of fungal 

infections affecting the transplant patient are due to Candida species (16). The existence 

of Candida albicans, and now the recently described Candida dubliniensis, in the normal 

flora of the alimentary tract, enables a systemic or mucocutaneous infection to occur even 

in an otherwise healthy individual (17,18). Phagocytosis and subsequent killing of this 

pathogen is paramount to the efficient clearance and resolution of the infection. 

At a site of infection the neutrophil is often the first cell to interact with the 

pathogen (1). During phagocytosis of the pathogen, the neutrophil will release MPO into 

the extracellular environment where the enzyme can be either bound via the MMR (19) 

2 
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or phagocytosed by the Mcj) (19,20). Other investigators have reported that Mcf) engulf 

MPO and utilize the enzyme for cytocidal activities (20, 21). With respect to Candida. 

the M(|) is thought to be associated with the clearance of the organism from the bod> (22) 

Although evidence exists to suggest that cell wall proteins and mannoproteins from 

Candida are responsible for eliciting a host immune response including that of the M(j) 

(23), the exact mechanism of M()) clearance of Candida has yet to be fiiUy elucidated. 

It has been suggested that equal units of peroxidases have equivalent biological 

activities. Very little work has been presented to either support or refute the supposition 

that all peroxidases have equivalent activity under similar conditions. The present study 

compares the candidicidal activity or killing potential of MPO, EPO and horseradish 

peroxidase (HRP) and elucidates what appears to be a hierarchy of M(j)-mediated killing 

potential with respect to different peroxidases. 
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CHAPTER II 

MATERIALS AND METHODS 

Animals 

Age matched, C57BL/6J mice, 18-22 g male animals were purchased from 

Jackson Laboratories (Bar Harbor, Maine). All animals were used in accordance with 

federal guidelines and were maintained in facilities that abide by federal guidelines for 

animal care. 

Materials 

Candida albicans, was generously provided by Dr. L. Chaffin, Texas Tech 

University Health Sciences Center, Lubbock, TX. Purified EPO was provided by 

ExOxEmis Corporation, Little Rock, AR., and purified MPO was generously provided by 

Dr. Robert C. Allen, San Antonio, TX. Dulbecco's modified Eagle's media (DMEM), 

and guinea pig complement (serum), GIBCO Laboratories (Long Island, NY), yeast 

extract peptone-dextrose (YPD), Difco Laboratories (Detroit, MI). Phosphate buffered 

saline pH. 7.2 (PBS) was prepared as needed. The following reagents were purchased 

from Sigma Scientific (St. Louis, MO): guaiacol, horseradish peroxidase, gentamycin 

sulfate, HEPES, hydrogen peroxide, potassium phosphate, bovine serum albumin fraction 

V (>99% globulin free) (BSA), acridine orange (color index #46005, dye content 90%), 

and dimethyl sulfoxide (DMSO). Additional reagents utilized that are commercially 

available were: crystal violet (color index #42555, dye content 95%), sodium 

bicarbonate, Fisher (Pittsburgh, PA), fetal bovine serum (FBS), Intergen (Purchase, NY), 



"'̂ JL'.UII.-ffilJ.'IBBBffl .^•i^'Li'. 'f .ViWiW"r.i 

Auto-POW, ICN Labs (Aurora, OH), 16-well tissue culture treated chamber slides, 

NUNC, Inc. (Napierville, IL), clear bottom 96-well microtiter plates, Packard 

Instruments (Meriden, CT). A 20 mM stock solution of Luminol, Eastman Kodak 

(Rochester, NY) dissolved in DMSO was prepared and stored at 4° C until used. All 

reagents were tested for endotoxin contamination using a Limulus amebocyte lysate test 

(LAL), Associates of Cape Cod (Woods Hole, MA). Working concentrations of 

peroxidases utilized contained <0.03 ng/ml of endotoxin. 

Macrophage Collection 

Murine resident peritoneal M(|) were collected as described previously (24). Mice 

were sacrificed by cervical dislocation and the M(|) collected by gentle peritoneal lavage 

using PBS at 4° C. Cells were centrifuged at 300 g for 10 min. Cells were washed and 

resuspended in either Auto-Pow MEM or DMEM without gentamycin or FBS. M(j) were 

counted using a hemocytometer cells and adjusted to 1 x 10̂  M())/ml and either 100 \i\ or 

120 |j,l of cell suspension were added to each well of a 96-well Packard tissue culture 

plate or a Nunc 16-well slide. After a 2 hr. incubation period at 37° C under 5 % CO2, the 

non-adherent cells were removed by washing and the appropriate assay was performed. 

Mcj) population was approximately 99% as determined by microscopy. 

fC mm^^u^^Mi^^ 



Candida albicans 

C albicans were cultured in 10 ml of YPD broth at 30° C with light agitation. 

After 14.5 hr., the stationary growth phase was reached and the density was determined 

to be approximately 5x10^ cfu/ml as measured by a spread plate technique. The cell 

suspension was then centrifuged at 15,900 g for 15 min. at 4° C and washed once in PBS. 

Yeast cells were opsonized twice for 30 min. at 30° C with 400 jal of guinea pig 

complement using gentie agitation. After opsonization, cells were washed twice with 

PBS and diluted to 5 x 10̂  yeast/ml in DMEM supplemented with 10% FBS. 

Enzymatic Activity 

EPO, MPO, and HRP were evaluated for enzymatic activity using guaiacol as a 

substrate. To prepare the reagent solutions: Reagent A, contained 680g potassium 

phosphate, 1.12 ml of 8.9M guaiacol and 98.9 ml of H2O. Reagent B, contained 28.9 )al 

of H2O2 and 9.9 ml of H2O. Using a quartz cuvette, the absorbance of the H2O2 solution 

was determined by spectrophotometer at 240 nm. Approximately 2.9 ml of reagent A and 

20 |.il of reagent B were added to 35 |al of peroxidase sample, inverted several times to 

mix thoroughly and the absorbance measured at 470 nm after 1 min. Units of activit\ per 

ml of enzyme were calculated using the following formula: 

(abs @ lmin)(dilution factor) 
= Units/ml 

(1.0)(sample volume) 

a^^BSI^B^BS 
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Chemiluminescence Assay 

A modified method for chemiluminescence (CL) was employed similar to that 

described previously (25). Briefly, resident peritoneal M<t) were obtained as described and 

suspended at 1 x 10^ cells/ml in Auto-POW media supplemented with 0.6 g/dl HEPES. 

0.2 g/dl sodium bicarbonate, and 1.0 g/dl BSA. This mixture was termed CL media. Each 

well of a 96-well "Packard" microtiter plate was seeded with 1.2 x 10̂  cells. Following a 

60 min. incubation at 37° C under 5 % CO2, the monolayer was washed with CL media 

three times to remove non-adherent cells. After washing, 50 jal of CL media was added to 

each well and the cultures were allowed to equilibrate for an additional 10 min. at 37° C. 

After equilibration, the following were added to each well: 50 |j.l of luminol (160 \iM 

working concentration), 50 p-l of zymozan opsonized with guinea pig complement (10 

zymozan particles: M^), and either 50 î l of media alone for the control wells or 50 |il of 

media containing equivalent units of one of the following: EPO, MPO, or HRP. The plate 

was placed in a Dynatech ML 3000 plate luminometer and luminescence was read e\ er\ 

2 sec. and recorded at 2-min. intervals. Results were plotted as time vs. relative light 

units. The mean of triplicate treatments ± S.E.M. was determined. Each experiment was 

repeated at least two times. 

Phagocytosis Assay 

The procedure employed for this portion was similar to that described b\ Lian et 

al. (26). Peritoneal M^ were obtained as described earlier in DMEM and were seeded 

onto a 16-well tissue culture chamber slide at a concentration of 1 x 10 M(t)/well. 
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Following a 2-hr. incubation at 37° C. under 5 % CO2, the cells were washed gentl\ three 

times with DMEM without FBS. C. albicans was prepared in the manner described 

earlier. M^ monolayers were treated according to the following sequence: (1) M(j) were 

exposed for 10 min. to EPO, MPO or HRP. (2) After exposure the monolayers were 

washed and C. albicans, suspended in DMEM supplemented with 10% FBS was added at 

a ratio of 5:1 Candida per M(|) (60 min at 35° C). (3) After incubation, monolayers were 

washed to remove any undigested Candida. (4) The cells were stained with acridine 

orange (0.1 mg/ml) for 90 sec, and counterstained with crystal violet (Img/ml) for 60 sec. 

Crystal violet was employed to quench the extracellular Candida. M(l)-mediated 

phagocytosis and intracellular killing of Candida was microscopically determined on a 

BX-4 Olympus fluorescence microscope. Candida that fluoresced green were considered 

live and those that fluoresced orange/red were considered dead. Values represented the 

mean ±S.E.M. of three 100-cell counts. 

In an attempt to ensure the probity of the assay procedure, the following was 

performed: (1) the viability of the Candida was tested using a microbiological plate 

count and trypan blue staining, (2) Candida were boiled for 60 min. for use as a positi\ e 

control to ensure the staining of dead cells was appropriate, and (3) slides were 

periodically read "blind" by a second party to ensure accuracy of count. Each experiment 

was repeated at least two times. 
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Statistical Analyses 

All data represent the mean ± SEM of replicate counts. A one-way ANOVA and 

Student-Newmann-Keuls tests were used to determine significance levels among groups. 
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CHAPTER III 

RESULTS 

Experiments were done to determine if there are differences in the ability of 

various peroxidases to enhance killing and phagocytosis. Phagocytosis is \ er\ highly 

correlated with the RB. ROI are generated during the RB and are involved in M(j)-

mediated killing of organisms. In the present study, the RB was measured using CL. 

Highly purified porcine EPO and MPO were used along with commercially available 

HRP. Comparisons of 10, 30, 90, 100, 200, and 270 U/ml were examined on resident 

mouse M(|) via luminol-dependent CL to determine the best concentration of peroxidase 

to be used. 

Empirically, the optimal concentrations of peroxidase were determined to be 10 

and 30 U/ml. These concentrations yielded the best separation between enzymes and 

most importantly the highest production of relative light units. Higher concentrations 

proved to be toxic to the macrophages. Concentrations exceeding 90 U/ml resulted in 

erratic results, possibly as consequence of damage to the M^. 

Concentrations as low as 3.3 U/ml of peroxidase were sufficient to cause an 

increase in CL above that of the control (data not shown). Relative light unit production 

for 10 U/ml was approximately 1300 for EPO, 1100 for MPO and 600 RLU for HRP 

(Fig. 1). The production of RLU for 30 U/ml of peroxidase was similar, yielding results 

slightly lower than that determined for 10 U/ml of peroxidase (Fig. 2). Since 10 and 30 

U/ml induced equivalent RLU, the remainder of the study employed 10 U/ml. 

10 
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In initial experiments, M(j) exposed to 10 U/ml of each peroxidase exhibited 

enhanced phagocytosis compared to media control cultures. Ten units of EPO induced 

76% phagocytosis, whereas 10 U/ml of MPO and HRP induced 63% and 67% 

phagocytosis, respectively, compared to control values of 40% (Fig.3). 

Testing was done to determine the effect of different peroxidases on candidicidal 

killing by resident macrophages. Macrophages exposed to the following concentrations 

of peroxidases: 3.3, 10, and 30 U/ml demonstrated a dose-dependent response in killing 

(Fig. 4). Eosinophil peroxidase exhibited 70% killing, MPO approximately 65% killing, 

and HRP approximately 65% killing. Each of the peroxidases enhanced killing above 

control cultures. 

A direct comparison was then done using 10 U/ml of each of the peroxidases, to 

illustrate that EPO caused more killing than either MPO or HRP as compared to the 

control (Fig. 5). Eosinophil peroxidase caused approximately 38% killing, MPO 33%, 

HRP 18% compared to the control value of 0%. 

Kinetic experiments were undertaken to determine if there was a time-dependent 

increase in candidal killing and phagocytosis. It can be seen in Fig. 6 that there is a time 

dependent increase in killing and phagocytosis with the greatest response at 60 minutes. 

Data presented are representative experiments. Each experiment was repeated at 

least three times. 

11 
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Figure 1. Luminol-Dependent Chemiluminescence of Peroxidases. 
Resident macrophages were cultured on a 96-well tissue culture plate for 2 hrs. 

Macrophage monolayers were simultaneously treated with either media alone or media 
containing 10 U/ml of various peroxidases. Luminol and zymozan were added to each 
well and then incubated at 37° C. The amount of light released for a 60 min. period was 
measured using a Dynatech plate luminometer. Values represent the mean ± S.E.M. of 
triplicate counts. 
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Figure 2. Luminol-Dependent Chemiluminescence of Peroxidases. 
Resident macrophages were cultured on a 96-well tissue culture plate for 2 hrs. 

Macrophage monolayers were simultaneously treated with either media alone or media 
containing 30 U/ml of various peroxidases. Luminol and zymozan were added to each 
well and then incubated at 37° C. The amount of light released for a 60 min. period was 
measured using a Dynatech plate luminometer. Values represent the mean ± S.E.M. of 
triplicate counts. 

13 

S^ffiBS^w 



. j <JjlWi Jl . 

90 1 

80 

70 
CO 

1 60^ 
f 50-
| 4 0 -
^ 30-

20-
10 H 

0^ 

* * * 

* * * 
* * 

Control HRP lOU MPO lOU 
Treatment 

EPOlOU 

Figure 3. Effect of Peroxidases on Macrophage Phagocytosis 
Resident M(|) were cuhures on a 16-well tissue cuhure plate for 2 hrs. Macrophage 

monolayers were simultaneously exposed for 10 min. to either media alone or media 
containing 10 U/ml of peroxidases. The M(|) monolayers were washed and Candida was 
added to each well at a ratio of 5:1 Candida/ M^ and incubated at 35° C. for 60 min. 
Following incubation, the cells were stained with acridine orange and the number of cells 
with ingested bacteria were counted. Each value represents the mean ± S.E.M. of three 
100 cell counts. * p<0.05, ** p<0.01, *** p<0.001. 
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Figure 4. Dose Dependent Killing by Resident Macrophages. 
Resident M^ were cultured on 16-well tissue culture slides. After attachment, the 

monolayers were exposed to various concentrations of peroxidases for 10 min. 
Subsequently, the monolayers were washed and Candida were added at a ratio of 5:1 
Candida/M^ and incubated at 35° C. for 60 min. Following a 60 min. incubation the cells 
were stained with acridine orange and examined for live and dead yeast under 
fluorescence microscopy. Red-orange yeast were considered dead whereas green 
fluorescing yeast were considered live. Each value represents the mean ± S.E.M. of three 
100 cell counts. * p<0.05, ** p<0.01, *** p<0.001. 

s 

15 

ss aMM • U I I . U U U J J . ^ 



!!S*aaMMHI ^jjjuxje^ 

-a 
cd 

Q 

45 
40 
35 
30 
25 
20 
15 
10 
5 
0 

* * * 

* * * 

j ^ . 

?3 

k 

Control HRP lOU MPO lOU EPO lOU 

Treatment 

Figure 5. Effect of Peroxidases on Macrophage Killing 
Resident M^ were cultures on a 16-well tissue culture plate for 2 hrs. Macrophage 

monolayers were simultaneously exposed for 10 min. to either media alone or media 
containing 10 U/ml of peroxidases. The Mcj) monolayers were washed and Candida was 
added to each well at a ratio of 5:1 Candida/ M^ and incubated at 35° C. for 60 min. 
Following incubation, the cells were stained with acridine orange and the number of cells 
with ingested bacteria were counted. Each value represents the mean ± S.E.M. of three 
100 cell counts. * p<0.05, ** p<0.01, *** p<0.001. 
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Figure 6. Kinetics of Phagocytosis by Resident Macrophages 
Resident M^ were cultures on a 16-well tissue cuhure plate for 2 hrs. Macrophage 

monolayers were simultaneously exposed for 10 min. to either media alone or media 
containing 10 U/ml of peroxidases. The M(|) monolayers were washed and Candida was 
added to each well at a ratio of 5:1 Candida/ Mcj) and incubated at 35° C. for 15,30 or 60 

mm. Following incubation, the cells were stained with acridine orange and the 
number of cells with ingested bacteria were counted. Each value represents the mean ± 
S.E.M. of three 100 cell counts. * p<0.05, ** p<0.01, *** p<0.001. 
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CHAPTER IV 

DISCUSSION 

It has been reported that equivalent units of enzymatic activity implied equal 

killing potential (Personal communication R.C. Allen). This concept has not been 

investigated with regard to M^ functions. The present study was undertaken to determine 

if equivalent units of enzymatic activity of three different peroxidases would exhibit 

similar killing potentials by M^. Differences in killing could help to explain the varying 

roles of peroxidases in biological systems. 

With regard to the in vivo condition, other investigators have reported that 

approximately 82.5 ^ig/ml of MPO can be found at the site of infection (27) and 

approximately 100-200 |J.g/ml of EPO at a site of inflammation (28). This indicates that 

our experimental concentrations were within the physiological range for both 

peroxidases. 

Throughout the present study, resident peritoneal M^ were employed. This was 

done because resident M(|) express higher levels of the M(j) mannose receptor (MMR) than 

inflammatory or activated M^. Of the three peroxidases used in this study, two (MPO and 

HRP) can enter the cell via the MMR (19,20). ft is also known that EPO binds to M(t) 

(29). Since EPO has a mannose content of 4.5% (MPO is 4.6%)(30) and competition 

studies using a known MMR ligand blocked EPO binding (6, 31). the MMR could be one 

of the possible receptors involved in the uptake of this enzyme. Since other studies have 

indicated that MMR expressed on the surface of a M(|) is recycled every 6-8 min. (32). 
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phagocytosis and candidicidal activity were measured after M(j) were exposed to the 

peroxidase for 10 min. 

Previous studies by the present investigators and others, have shown that either 

HRP or MPO enhances the production of ROI secreted by M(j) (7. 24. 25. 33). In the 

present study, EPO was the most potent inducer of ROI (Figs. 1, 2). This peroxidase was 

followed closely by MPO, which was superior to HRP (Figs. 1. 2). This pattern was 

obtained only if at least 160 |iM of luminol were employed. The shape of the cur\e 

obtained with lower concentrations of luminol showed a rapid rise in RLU followed b\ a 

precipitous decline. However, when 160 |̂ M of luminol was used, there was a rapid rise 

of RLU followed by a slow decline indicating that the luminol was not limiting. 

Once it had been established that there appeared to be an order of potency with 

respect to ROI secretion, phagocytosis and candidicidal activity were measured to 

determine if a similar pattern would evolve (Figs. 3, 4, 5). Since the RB with its resultant 

ROI secretion is highly correlated with phagocytosis and candidicidal activity (1), results 

obtained were not unexpected. M^ were exposed to various concentrations of the three 

peroxidases and once again the same pattern of enhanced function as that seen with CL 

studies was observed. With respect to phagocytosis, at 10 U/ml, the following 

approximate percentages of phagocytosis were obtained: EPO induced 74%, MPO 

induced 63%, and HRP induced 62%; whereas control values were 37° o. It should be 

noted that the number of Candida per M^ was not markedly increased; rather the number, 

of M(t) ingesting the yeast were greater in the presence of either EPO or MPO. 
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The next set of experiments were done to determine the potential for enhanced 

killing by each of the peroxidases. Again a pattern similar to that observed with 

phagocytosis was observed (Figs. 3, 4, 5). However, the differences in killing potential 

between EPO and MPO were not markedly different. EPO at 30 U/ml consistently 

induced higher ROI secretion. At 10 U/ml, EPO and MPO induced similar ROI and 

candidicidal activity. Since peroxidase-M(t)-mediated candidicidal acti\it\ has been 

shovm to be ROI dependent (6, 7), the results were not surprising. 

There are several possible parameters which must be considered w ith regard to 

the data presented. First, each of the peroxidases are cationic. Cationicity of a protein 

affects it binding potential (34, 35). The lEP of a protein should be above 8.5 in order to 

obtain strong charge-mediated retention of the protein in a microenvironment (34. 35). 

The lEP of MPO is > 10 and that of EPO is > 11 (27). Thus, cationicity of the 

peroxidases would enhance their binding to cells by electrostatic means (27. 34, 35). 

The positive charge of EPO and MPO could also enable these enzymes to be bound more 

readily by different cells. Charge could, therefore, contribute to the abilit> of each 

peroxidase to perpetuate an inflammatory response (27,34.35). This occurs because a 

positive charge would cause the peroxidase to remain in a particular microenvironment 

longer resulting in activation of Mcj). In vivo, this could be beneficial to the host for the 

clearance of a pathogen such as Candida. 

Another factor that must be considered is the pH of the microenvironment. After 

a neutrophil ingests a pathogen, within 5 sec, MPO is observed on the cell surface (36). 

Likewise, when an eosinophil binds to non-phagoc\ tosable organisms, the cell secretes 

EPO into the microenvironment. Considering the above, the optimal pH of MPO is ^ and 
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S. of EPO is 4.6. However, even though both peroxidases have different optimal pH 

these molecules are exposed to the physiological pH of 7.2 in vivo. In addition, within 

the body, the most abundant halide is chloride. Although this is not the halide of choice 

for EPO, both physiological pH and chloride should be used in this kind of study. 

In addition to the pH requirements of the peroxidase, one must consider the 

optimal pH of MMR-ligand interaction that is 7.0. In our hands, if the pH of the media 

were below 6.8, there was no candidicidal activity above control values. Therefore, the 

above would indicate that the pH requirement of the MMR supercedes that of the 

peroxidases. 

In conclusion, the present study demonstrates that in the microenvironment at 

physiologic pH, equivalent units of these peroxidases have different killing potentials. 

Since an internalized peroxidase, such as MPO, remains active for hours within a M(|) 

(19), the different peroxidases could affect the M(t)'s killing potential and alter the hosfs 

ability to clear pathogens. 
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CHAPTER V 

CONCLUSION 

The following conclusions can be made from the data presented in this stud\: 

1. When the peroxidases were examined, EPO, MPO and HRP induced an increase in 

the ability of resident murine M^ to phagocytize Candida albicans. 

2. When compared on an equal units/ml basis, EPO enhanced M(j)-mediated killing of 

Candida albicans more than either MPO or HRP. 

3. EPO, MPO and HRP induced a dose-dependent increase in the killing of Candida 

albicans in murine M^. 

4. The present study demonstrated a hierarchy of peroxidase ability to stimulate 

enhanced M(|) fimctions: EPO>MPO>HRP. 

5. Induction of TNF-a by each peroxidase was suppressed to levels below controls. 

6. Eosinophil peroxidase and MPO are both found at the site of inflammation. The 

concentrations utilized in this study fall within the physiological ranges found in the 

in vivo condition and indicate that EPO and MPO act as effective inducers of Mcj) 

microbicidal activity. 
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APPENDIX A 

PEROXIDASE ESfDUCED SECRETON OF MACROPHAGE-DERIVED TUMOR 

NECROSIS FACTOR a (TNF-a) 

Peroxidase induced secretion of TNF-a by macrophages was examined using a 

commercially available Enzyme-linked immunosorbent assay (ELISA). In these 

experiments, mice were injected in the peritoneal cavity with 1 ml of thioglycollate broth. 

After 4 days the cells were harvested by peritoneal lavage. The cells were collected and 

prepared as described earlier for attachment to a 96-well microtiter plate. Cells were 

allowed to attach for 2 hr. and then washed to remove cellular debris and non-adhering 

cells. Following attachment, monolayers were exposed to media alone or media 

containing 10 U/ml of EPO, rMPO or HRP and incubated for 0, 3, 6, and 9 hr. 

Treatments were performed in triplicate and at each respective time period the 

supematants were removed and frozen away for later analysis. Utilizing a commercially 

available kit for TNF-a production, each of the supematants was tested for the presence 

of TNF-a and a standard curve was derived for comparison. The following data suggest 

that 10 U/ml of peroxidase was insufficient to induce the production of TNF-a. Although 

there is slight inhibition shown in this experiment, in other experiments all values were 

essentially the same as the control (Fig. 7). When thioglycollate macrophages were 

exposed to 10 U/ml of peroxidase, production of TNF- a was below that of the control. 
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Control 

HRPIOU 

EPO lOU 

rMPO lOU 

3 Hrs. 6 Hrs. 

Time (hrs) 

9 Hrs. 

Figure 7. Production of TNF-a by Thioglycollate-Induced Macrophages. 
ThioglycoUate-induced M(|) were cultured on a 96-well costar plate for 24 hours in 

DMEM plus 2% FBS. FoUowmg culture period the cells were washed with and 10 U/ml 
of peroxidase was added to each well. Supematants were collected at 3, 6, and 9 hours. 
Supematants were examined for the production of TNF-a via a commercially available 
Enzyme-linked immunosorbent assay. Assay was performed at least twice and results 
remained consistent throughout. 
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APPENDIX B 

DETERMINATION OF ENZYMATIC ACTIVITY: o-DIANISIDINE METHOD 

Determination of enzymatic activity was performed using o-dianisidine as a 

substrate. This assay was performed in addition to the guaiacol assay and done so to 

confirm and compare enzymatic activity derived from previous experiments by other 

researchers in this laboratory. Briefly, a solution of o-dianisidine is prepared b\ 

dissolving 25.2 mg into 10 ml of ethanol (EtOH). Once in solution, it is diluted with 

Sorenson's buffer to a final volume of 200 ml. A solution of H2O2 is also prepared b\ 

adding 10 |il of H2O2 to 10 ml of pyrogen free water. The optical density of the peroxide 

is determined at 240 nm and adjusted to 0.4 absorbance. Using a DU-70 

spectrophotometer at 25° C and 460 nm, 1.2 ml of o-dianisidine solution was added to a 5 

ml cuvette along with 5 |il of sample enzyme. Absorbances were read \ia 

spectrophotometer and adjusted to zero. Subsequent to zeroing the sample, 20 |il of H2O2 

working solution was added, gently mixed and inserted into the spectrophotometer. At 

one min. the sample was nm at 460 nm and absorbances were read. Enzymatic acti\ it\ is 

derived from the following equation: 

Abs/minXlOOO 
= Units of peroxidase/ml 

5 

The following data suggest that enzymatic activity is similar to activity reported b> 

previous researchers in this laboratory (Table 1). 
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Table 1. Determination of Enzymatic Activity Via o-Dianisidine 

Dilution MPO Abs i^n^TT : / ; EPO Abs rn^r- / 7 

.^^ MPO Units/ml ,.^ EPO I nits ml 
460 nm 460 nm 

1:12.5 

1:25 

1:50 

1:100 

1:200 

0.7207 

0.4397 

0.2139 

0.1233 

0.0744 

1817.5 

2212.5 

2152 

2484 

2858 

0.6671 

0.3389 

0.0265 

1667.6 

1694.5 

0.1260 1270 

0.0540 1082 

1060 

Note: Peroxidases were evaluated for enzymatic activity using o-dianisidine as a 
substrate. Samples of each peroxidase were diluted and 5 \i\ of each were added to 
1.2 ml of o-dianisidine solution and 20 îl diluted hydrogen peroxide solution and 
mixed. Absorbances were read after one min. and enzymatic acti\ it> calculated. 
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APPENDIX C 

DETERMINATION OF PROTEIN BY BCA AND LOWRY ASSA^ S 

Protein determinations were performed utilizing both the Bicinchoninic Acid 

(BCA) and Lowry techniques. Briefly, the technique was performed by preparing a 

working reagent that contained 50 parts of reagent A and 1 part of reagent B. 

Approximate volumes used in this assay for these samples was 9.8 ml of reagent A and 

200 |il of reagent B. A standard curve was generated by preparing dilutions of BSA to a 

range of 2000 |j.g to 250 jig. Ten microliters of each standard, blank or sample was 

added to each well of a 96-well microtiter plate and 200 [d of working reagent is also 

added. The plate was mixed for 30 sec. on a shaking platform and allowed to incubate for 

30 min. at 37° C. Subsequent to incubation, the plates were read at 550 nm on a Dynatech 

microtiter plate reader. Sample values were compared to the standard curve and protein 

concentrations were determined for each sample (Table 2). Samples were tested at least 

three times and remained consistent throughout. 

The Lowry assay was also performed on each sample as a confirmation of protein 

content. In short, the technique was performed in much the same manner as the BCA. A 

standard protein (BSA) was diluted to a range of 2000 |ag to 200 |ig for the purpose of 

generating a standard curve for concentration comparison. Five microliters of sample, 25 

|j,l of reagent A and 200 fil of reagent B was added into the appropriate wells of a 96-well 

microtiter plate. The plate was shaken for 30 sec. and then incubated for 15 min. at 37° C. 

Following incubation, the plate was read on a Dynatech microtiter plate reader at 660 nm. 
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Sample values were compared to the standards for calculation of protein concentration 

(Table 3). 
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Table 2. Protein Determination by Bicinchoninic Acid (BCA) Method. 

Sample 

MPO 

EPO 

HRP 

Abs I 
550 nm 

.33 

.426 

.285 

Abs 2 
550 nm 

.307 

.444 

.27 

Avg abs Protein Cone 

.316 

.435 

.278 

530.5 

751.8 

456.11 

Note: Peroxidases were evaluated for protein concentration. Ten ĵ l of sample 
peroxidase was added to 200 |LI1 of working reagent in a 96-well microtiter plate, 
shaken and incubated for 30 min. at 37° C. Absorbances were then read at 550 nm 
on a Dynatech microtiter plate reader and protein concentration was calculated. 
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Table 3. Protein Determination by Lowry Method. 

Sample 
Abs 1 
660 nm 

Abs 2 
660 nm 

Avg abs Protein Cone 

MPO 

EPO 

HRP 

.396 

.435 

.246 

.28 

.396 

.115 

.340 

.416 

18 

1110.5 

2162.6 

946.5 

Note: Peroxidases were evaluated for protein concentration. Fi\ e microliters of 
sample peroxidase was added to 25 |il reagent A and 200 [i\ of reagent B in a 96-
well microtiter plate, shaken and incubated for 15 min. at 37° C. Absorbances 
were then read at 660 nm on a Dynatech microtiter plate reader and protein 
concentration was calculated. 
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APPENDIX IV 

DETERMINATION OF LIPOPOLYSACCHARIDE CONTENT BY LIMULUS 

AMEBOCYTE LYSATE (LAL) ASSAY 

The LAL was used to determine lipopolysaccharide content of each of the 

peroxidase samples used in the preceding experiments. In cases where mouse peritoneal 

macrophages were used, the acceptable concentration of LPS contamination was < 

0.03ng/ml and where thioglycollate induced mouse peritoneal macrophages w ere used 

the acceptable concentration was < 0.01 ng/ml. 

Because LPS is a known stimulant of M(|) and it is ubiquitous in nature, it was necessary 

to quantify the levels of LPS in each of the sample preparations to ensure that false 

results were not obtained. Borosilicate glass tubes were baked at 180° C ovemight to 

remove all traces of LPS. Tubes were carefully numbered and dilutions of each of the 

samples were prepared using pyrogen free water. After dilution of samples, the lysate 

was reconstituted and 100 \i\ was added along with 100 fil of the sample to each tube. 

The tubes were gently shaken and allowed to incubate in a water bath at 37°C for 1 hr. 

The experiment was terminated at exactly 1 hr. ± 1 min. The tubes were read positi\ e 

when the mixture had coagulated into a solid gel and was not displaced when inverted. 

Tubes that were semi-solid but were still able to flow when inverted were termed ± and 

generally considered to be negative. The approximate level of LPS contamination was 

determined from the last positive result. Table 4 illustrates the relative LPS 
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concentrations in each sample of peroxidase. Samples were examined for LPS 

contamination at least twice and results remained consistent throughout. 
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Table 4. Determination of Lipopolysaccharide Content 

Sample 

EPO 

EPO 

EPO 

EPO 

EPO 

MPO 

MPO 

MPO 

MPO 

MPO 

HRP 

HRP 

HRP 

HRP 

Neg Control 

Dilution 

1:25 

1:50 

1:100 

1:200 

1:400 

1:25 

1:50 

1:100 

1:200 

1:400 

1:25 

1:50 

1:100 

1:200 

Water 

LPS Cone 

0.25 ng/ml 

0.5 ng/ml 

1.0 ng/ml 

2.0 ng/ml 

4.0 ng/ml 

0.25 ng/ml 

0.5 ng/ml 

1.0 ng/ml 

2.0 ng/ml 

4.0 ng/ml 

0.25 ng/ml 

0.5 ng/ml 

1.0 ng/ml 

2.0 ng/ml 

0.0 ng/ml 

Result 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

t. 

Note: Peroxidases were evaluated for the presence of lipopolysaccharide. 
Dilutions of each of the peroxidase samples in pyrogen free water. One hundred 
\i\ of the sample dilution is added to 100 |il of LAL solution. Tubes were genth 
mixed and allowed to incubate at 37° C for 1 hr. At 1 hr. each of the tubes was 
read for LPS content. Tubes that contained a gel that does not flow when inverted 
were termed positive (+) and those that w ere semi-solid but flowed when inverted 
are termed plus/minus (±). LPS content was determined by the last positive result. 
Each sample was examined at least tw ice and resuhs remained consistent 
throughout. 
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