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CHAPTER I 

INTRODUCTION 

Pseudomonas cepacia was first characterized in 1950 

by Burkholder as the agent of bacterial rot of onion 

bulbs (7). In 1959, Morris and Roberts isolated from the 

soil and water of Trinidad, a pseudomonad which 

synthesized and stored large amounts of poly-b-

hydroxybutyrate, not a common characteristic of 

pseudomonads (7). The organism was later designated P. 

multivorans (7). Ballard et al. then conducted iji vitro 

DNA hybridization experiments using a number of 

Pseudomonas species (2). These experiments, when coupled 

to the examination of such phenotypic characteristics as 

nutritional versatility, pigment production, and the 

production of poly-b-hydroxybutyrate, led Ballard to 

conclude that P. cepacia and P. multivorans were the same 

species. Sinsabaugh and Howard later determined that P. 

kingae was also a synonym and the three groups were 

combined (48). According to the rules of taxonomy, the 

name P. cepacia took precedence as it was the first to 

have been applied. Palleroni et al. used nucleic acid 

homology studies to show that the organism is distantly 

related to P. aeruginosa, but is a close relative to P. 

mallei, the bacillus which causes glanders in horses, and 

to P. pseudomallei, a human pathogen (40). Other 



researchers have used 5s RNA homology to demonstrate a 

relationship to Alcaligenes faecalis and to 

Aguaspirillum serpens (56). 

Pseudomonas cepacia was for many years considered 

to be important only as a phytopathogen. Prior to the 

1970's, it was rarely seen clinically except as a 

superficial contaminant of wounds. It is now recognized 

as an important opportunistic human pathogen (16). In 

1970, Phillips et al. reported a number of cases of 

septicemia in a cardiac care ward. These infections were 

subsequently traced to P. cepacia contaminated saline 

solutions which had been administered to the patients 

(41). The non-autoclavable apparatus used to administer 

the solutions had been treated with a quaternary ammonium 

compound. When the apparatus was disinfected with 

glutaraldehyde instead, there were no further cases of 

infection (41). 

Pseudomonas cepacia survives and even grows in 

distilled water, reaching populations of 10^ colony 

forming units (CFU) per ml (8). It has also survived in 

the crystal violet solution used to Gram-stain and in a 

variety of disinfectant solutions (58). 

Infections by this organism are particularly 

serious in patients with cystic fibrosis (CF) 

(20,53,54). While many patients may be asymptomatically 

colonized, others may suffer from severe, fulminant 
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pneumonias which may be fatal (20,54). These infections 

are characterized by high fever, severe progressive 

respiratory failure, leukocytosis, and an elevated 

erythrocyte sedimentation rate. Mortality may be as high 

as 62% (20). This syndrome is more likely to affect 

females than males and most often occurs in patients 

previously mildly afflicted with cystic fibrosis (54). 

There may be extensive necrosis and tissue destruction 

(54). Unlike pulmonary infections caused by P. 

aeruginosa, such infections by P. cepacia may result in 

septicemia (5,29). 

Cystic fibrosis is the most common lethal genetic 

disease of Caucasians. Chronic pulmonary infection is 

the usual cause of death of these patients. Cystic 

fibrosis patients have a distinctive respiratory flora of 

which P. aeruginosa is the most common component (17). 

Cystic fibrosis patients suffer from hypersecretion of 

respiratory mucous and are particularly susceptible to 

colonization by respiratory pathogens (18). In the 

1950's, the pathogen most commonly isolated from the 

sputum of CF patients was Staphylococcus aureus (18). 

For reasons which are still unclear, but perhaps related 

to antibiotic therapy, P. aeruginosa is now the dominant 

respiratory pathogen in this population (28). However, 

there is evidence that the incidence of P. cepacia 

infections in CF patients is increasing (20,53,54) From 
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1979 to 1983, Tablan et al. reported respiratory tract 

colonization with P. cepacia in 38 CF patients (53). 

Forty-five percent of these patients died. Thomassen et 

al. reported that, from 1978 to 1983, the number of CF 

patients colonized with P. cepacia had more than doubled 

from 7% to 15% (54). The percentage of deaths associated 

with P. cepacia colonization increased from 9% in 1978 to 

55% in 1983 (54). The colonization rate has been 

variously reported by other researchers to have increased 

from 4-5.1% in the middle to late 1970's to 18-20% in the 

early 1980's (20,53). P. cepacia associated pulmonary 

disease in CF patients was first described by Blessing et 

al. after examining aminoglycoside resistance in 

pseudomonads isolated from sputa (4). P. cepacia 

infections are very difficult to manage as the organism 

is resistant to a wide variety of antibiotics and 

chemotherapeutic agents (16). 

Epidemiological studies of pulmonary disease 

caused by P. cepacia have been hampered by the lack of a 

suitable typing system for the organism (31). Biotyping 

methods have been developed (13,35), but have not been 

extensively used, in part because they are not 

sufficiently discriminative (31). Serotyping schemes 

have also been proposed, but cross-reactivity has, until 

recently, limited their use. McKevitt et al. have 

developed a serotyping scheme based on whole cell antigen 
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(31). This system makes use of five serotypes, A through 

E, and may be done using a simple slide agglutination. 

Pseudomonas cepacia is said to have little 

virulence in animal models (16,36). Goldman and Klinger 

reported no deaths in a rat model of chronic pulmonary 

infection with P. cepacia, although the infection 

persisted for at least two weeks (16). Montie and co

workers reported no lethality when 10^-10^ CFU were 

inoculated subcutaneously into burned mice (36). 

However, there is extensive destruction of lung 

parenchyma in many infections by this organism (54). 

This suggests the presence of some toxin or enzyme which 

acts directly on pulmonary tissue. 

Relatively little is known concerning the 

potential virulence factors of P. cepacia (15). 

McKevitt and Woods examined 48 P. cepacia isolates from 

CF patients and demonstrated that a majority of those 

strains produced extracellular protease and lipase (30). 

Eleven strains were found to have plasmids and 22 

strains produced a smooth lipopolysaccharide (30). The 

role of any of these factors in the disease process has 

not yet been identified. These authors were unable to 

demonstrate the production of exotoxin A or exoenzyme S 

by P. cepacia, although both of these ADP-ribosylating 

enzymes are produced by P. aeruginosa (30). 



Straus et al. isolated from P. cepacia an 

extracellular toxic complex (ETC) which consists of 

surface carbohydrate antigen, lipopolysaccharide, and 

protein (51,52). The toxicity appeared to be associated 

with the lipopolysaccharide portion of the molecule since 

only saponification of the complex destroyed its ability 

to kill mice (51). 

Although other bacterial enzymes such as proteases 

have often received more attention in studies of possible 

virulence factors, there is evidence to strongly suggest 

that lipases, particularly phospholipases, or 

lecithinases, may also play an important role in 

virulence. The alpha-toxin of Clostridium perfringens 

has been shown to be a lecithinase (27). S. aureus 

produces a lipase which may, by hydrolyzing the lipids on 

the skin surface of human beings, enhance the 

colonization of the skin by this pathogen (60). 

Essellman and Liu reported that a number of Gram-negative 

organisms, including several Vibrio, Aeromonas, Serratia, 

and Pseudomonas species, also produce lecithinase (14). 

The most notable of these is phospholipase C, a 

lecithinase which catalyzes the hydrolysis of 

phosphatidylcholine, a phospholipid found in the 

membranes of animal cells (14). There is evidence that 

this enzyme is a virulence factor in pulmonary 

infections (25,49). Liu has suggested that the 
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cytopathology in lung tissues in pulmonary infections by 

P. aeruginosa may be due to the action of phospholipase C 

on phospholipids which comprise the surfactant covering 

mammalian lung surfaces (25). 

Lipase activity by P. cepacia is well-documented in 

the literature. Starr and Burkholder described lipolytic 

activity by Pseudomonas species as early as 1941 (50). 

Morris and Roberts described the isolates from the 

Trinidad soils, later designated P. cepacia, as "strongly 

lipolytic" (37). McKevitt and Woods reported that 32 out 

of 48 strains of P. cepacia isolated from CF patients 

demonstrated lipase activity on egg yolk agar (30). 

Carson et al. isolated three strains of P. cepacia from 

distilled water and found that all three strains 

hydrolyzed the synthetic substrate, Tween (8). 

Lipolytic enzymes have been characterized from a 

number of plant and animal sources. In addition, a 

number of fungal and bacterial lipases have been 

studied. Many of them are apparently synthesized as 

active precursors and are then modified by one of a 

number of mechanisms, resulting in multiforms of similar 

or identical enzymes (3,10,12,33). 

Modification may involve aggregation with another 

molecule, resulting in a form larger than the parent 

species. For instance, the lipase of Leptospira biflexa 

was purified on Sephadex G-200 to a "fast" component, 
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which eluted with the void volume, and a "slow" component 

with a molecular weight (MW) of 40,000 (10). The fast 

component was shown to be complexed with lipid. 

Pseudomonas fragi lipase has also been purified to 

a light and heavy fraction (33). Electrophoresis of the 

heavy fraction resulted in two bands, one of them 

identical to the light band. 

Perhaps the most extensively characterized are the 

fungal lipases. Rhizopus arrhizus excretes a 

glycoprotein which is attached to its sugar moiety by 

non-covalent linkages (3). The molecule has a total MW 

of 43,000. It is degraded to the sugar-free form (MW 

8,500), by extremely small amounts of protease in the 

solution. This degradation occurs in aqueous solution at 

4°C and is hastened by freezing and thawing. 

Rhizopus delemar produces three molecular forms of 

lipase; A, B, and C (33). Form B has been shown to be 

derived from C. The interconversion between the two 

forms involves both hydrophobic and ionic interactions 

and may reflect an equilibrium between associated and 

dissociated subunits (21). 

Because the lipolytic activity of P. cepacia has 

been so frequently reported and lipase could be 

considered a potential virulence factor, we decided to 

attempt to isolate, purify, and characterize the lipase, 

investigate its occurrence in clinical isolates from CF 
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patients and explore its possible role in pulmonary 

disease. 

The specific objectives of this study were: 

1. To develop an assay suitable for the rapid 

screening of P. cepacia isolates for the production of 

extracellular lipase activity, to use that assay to 

screen a number of clinical isolates for lipase activity 

and to look for possible correlation between lipase 

activity and either serotype of the organism or clinical 

condition of the patient at the time a particular strain 

was isolated. 

2. To purify the extracellular lipase produced by 

a clinical isolate of P. cepacia, strain 90ee; to 

examine some of the conditions under which the enzyme is 

produced, and to initiate studies of the nature of the 

enzyme including examination of some of its properties in 

vitro and in vivo, and its possible role in pulmonary 

disease. 

3. To determine whether the lipase produced by 

other clinical isolates of P. cepacia is immunologically 

similar to that produced by 90ee. 

The purification and characterization of this 

enzyme and the methods developed for its study in vitro 

and in vivo are expected to help elucidate the role of 

the extracellular products of P. cepacia in pulmonary 

disease caused by this organism. 



CHAPTER II 

MATERIALS AND METHODS 

Bacterial Strains and Culture Conditions 

Bacterial strains used included environmental 

strains, plant isolates and sputum isolates from CF 

patients. Strain 90ee and 24 other strains were obtained 

from J. D. Klinger, Integrated Genetics, Framingham, MA. 

Twelve strains were obtained from C. L. Prober, The 

Hospital for Sick Children, Toronto, Ontario. Strain 

5530pk was isolated at Alberta Children's Hospital, 

Calgary, Alberta, Canada. All strains were maintained 

frozen in tryptic soy broth and 20% glycerol at -70°C. 

Liquid cultures were grown in Anwar's chemically defined 

medium (ACDM; 3mM KCl, 12mM [NH4]2S04, 3.2mM MgS04, 1.2mM 

K2HPO4, 0.02mM FeS04, 3mM NaCl, and 20mM glucose in 50mM 

3-(N-morpholino)propanesulphonic acid (MOPS: Sigma 

Chemical Company, St. Louis, MO), pH 7.4.) (1). One 

liter cultures were grown in two liter shaker flasks 

shaken at 180 revolutions per minute (RPM) at 37°C. 

Cultures were harvested by centrifugation at 17,000 x g 

for thirty minutes at 4°C. The supernatant was 

concentrated to dryness by lyophilization, reconstituted 

to 50 ml in 50mM Tris (hydroxymethy1) aminomethane 

hydrochloride (Tris HCl; Sigma), pH 7.6 and dialyzed for 

two days against the same buffer at 4°C with daily 
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changes. If further concentration or reduction in 

volume was needed, the lyophilization-dialysis was 

repeated. Cultures were routinely grown for 24 hours. 

However, for some experiments, incubation time was 

increased to 48 or 72 hours. Otherwise, the supernatants 

were treated the same. 

For the assay of phospholipase C activity, 2 ml 

cultures were grown in tryptose minimal medium [TMM; 

120mM Tris-HCl buffer, pH 7.2, 0.1% tryptose (Difco 

Laboratories, Detroit, MI), 20mM (NH4)2S04, 1.6mMCaCl2f 

lOmM KCl, and 50mM glucose] (47). For plate counts, the 

organisms were plated on tryptic soy agar. 

Tissue Culture Cell Lines and Culture 
Conditions 

The tissue culture cells used in this study 

included HeLa cells, which were grown in Eagle's minimal 

essential medium (Whittaker, M.A. Bioproducts, 

Walkersville, MD) supplemented with 10% newborn calf 

serum, 64 units/ml penicillin, and 100 ug/ml 

streptomycin. RFL-6, a rat lung fibroblast line was 

grown in Ham's F-12 medium (Sigma) supplemented with 50 

units/ml penicillin and 50 ug/ml streptomycin. We also 

used two hepatoma cell lines, HTC and H4IIEC3. Both were 

grown in Dulbecco's Modified Eagle's Medium (DMEM) 

(Sigma) with 5% fetal bovine serum (FBS) and 5% horse 
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serum (HS). RL-95, a human endometrial cell line, was 

grown in 50% DMEM and 50% Ham's F-12 plus 5% calf serum. 

This medium was supplemented with streptomycin (100 

ug/ml), amphotericin B (2.5 ug/ml), and penicillin, (100 

units/ml). All cells were grown to monolayers in 

microtiter plates under 5% CO2. 

Assay for Lipase Activity 

The reaction mixture consisted of 0.1 ml of 10% 

Tween in 50mM Tris-HCl, pH 7.6 (Tris buffer), 0.1 ml IM 

CaCl2 in Tris buffer, 0.5 ml concentrated, dialyzed 

culture supernatant and 2.3 ml Tris buffer (55). 

Duplicate samples were prepared for each isolate tested 

and incubated statically in a 37°C water bath for two 

hours. Reagent blanks were prepared using 0.5 ml Tris 

buffer instead of supernatant. In this assay, Tween is 

cleaved to produce a fatty acid and an alcohol. In the 

presence of calcium, an insoluble fatty acid salt is 

formed, giving a precipitate which can be measured 

turbidimetrically at 400 nm (55). One unit of lipase 

activity was defined as that conount which, after two 

hours under the conditions of the assay, resulted in an 

increase of optical density at 400 nm of 0.01. Activity 

was reported as units per microgram of total protein. 

Unless otherwise noted, optical density was measured on a 

Beckman DU 70 spectrophotometer (Beckman Instruments 
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Division, Inc. Irvine, CA). Tweens -20, -40, -60, and -80 

are esters of lauric, palmitic, stearic, and oleic acids 

respectively. The assay was tested for linearity as a 

function of time by incubating samples containing 800 ul 

concentrated supernatant from 24-hour cultures. The 

supernatants were pooled and concentrated to 60 ml. 

Duplicate samples were incubated for 125 minutes and 

OD400 Vcis measured at five-minute increments on a Bausch 

and Lomb Spectronic 20. Lipase activity was also 

measured as a function of the concentration of enzyme in 

the assay. Saunples of the preparation described above 

were prepared containing 100, 200, 400 and 800 ul of 

crude supernatant per 3.0 ml total volume of sample and 

assayed for lipase activity on Tween-20. 

Assay for Phospholipase C Activity 

p-Nitrophenylphosphorylcholine (NPPC; Sigma) was 

used to assay for the production of phospholipase C 

employing the method of Kurioka and Matsuda (23). For 

this assay, a capped tube containing 2.0 ml of tryptose 

minimal medium was inoculated with P. cepacia and 

incubated with shaking for 24 hours at 32*̂ 0. One ml of 

culture was placed in a centrifuge tube and centrifuged 

for thirty minutes at 17,000 x g to remove cells. Fifty 

ul of the cell-free supernatant was then added to a tube 

containing 450 ul of the NPPC reagent (250mM Tris buffer, 
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pH 7.2, 66% glycerol, l.OuM ZnCl2, ̂ ^^ ^^^^ NPPC) and 

incubated in a 37^0 water bath for one hour. 

Phospholipase C hydrolyses NPPC to phosphorylcholine and 

E-nitrophenol in the presence of sorbitol or glycerol and 

Zn . E-Nitrophenol is chromogenic and absorbance was 

measured at 410 nm on an ACTA CIII spectrophotometer 

(Beckman). Phospholipase C (Type 1; Sigma) from C. 

perfringens was used as a positive control (14). 

Survey of Strains and Correlation Studies 

The Tween assay was used to assay the clinical 

isolates of P. cepacia from the sputum of CF patients. 

One-hundred ml cultures of the clinical strains were 

grown for 24 hours as described above. After 

concentration, the supernatants were assayed for lipase 

and the results expressed as 10"^ units/ug protein. The 

clinical condition of the patient at the time of 

isolation of these strains had been reported as mild, 

moderate, or severe, based on Schwachman scores (45). 

The serotypes had been reported by McKevitt et al. (31). 

We attempted to correlate these three factors by making 

use of the Analysis of Variance (ANOVA) test for equality 

of means (39). The plant and environmental isolates 

were also assayed for lipase activity. 
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LDt;0 Determinations 

Lethality was determined by calculating the lethal 

dose 50 value (LD50) using the method of Reed and Muench 

(43). The cultures were grown to late log phase, and the 

washed cells were resuspended in PBS and injected 

intraperitoneally (IP) into Swiss-Webster white mice. A 

total of thirty mice were injected in groups of five with 

1.0 ml of a cell suspension containing 10^, 10^, 10^, 

ft Q 

10°, or 10^ colony-forming units (CFU). Dead mice were 

counted at 24, 48, 72, 96 and 120 hours. 

Determination of Lipase Activity 
on a Varietv of Triglycerides 

A Dosimat E 412 pH stat (Metrohm Herisau, 

Switzerland) was used to titrate the fatty acid released 

by the hydrolysis of a number of substrates. The 

reaction mixture consisted of the following: 1.66 ml of 

10% triglyceride emulsified in 5% aqueous gum acacia 

solution; 0.66 ml of 3N NaCl; 0.33 ml of 0.075M CaCl2; 

1.66 ml of deionized water; and 0.33 ml of lipase 

preparation (61). The solution was warmed to 37°C by 

circulating water in the glass jacket surrounding the 

reaction chamber. NaOH (0.0IN) was used to titrate the 

mixture for ten minutes to a set point of pH 8.0. 

Substrates used were triacetin, tripropionin, tributyrin, 

tricaproin, tricaprylin, olive oil, and Tween-20. 
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The activity of the enzyme on various 

concentrations of triacetin in aqueous solution was also 

measured using a pH stat. Solutions of 0 to 10% 

triacetin were prepared as described above and titrated 

with NaOH. Solubility was determined visually and 

insoluble concentrations were emulsified by six passes 

through a hand-held homogenizer. 

Determination of Total Protein 

Protein was determined by the method of Lowry et 

al. (26) or by using the standard Bio-Rad dye-binding 

assay for protein (Bio-Rad Laboratories, Richmond, CA) 

(34). The Bio-Rad assay is a colorimetric assay in which 

the chromogen binds to basic and aromatic amino acid 

residues and is stabilized in the anionic (blue) form 

which is detected spectrophotometrically at 595 nm (6). 

Determination of Proteolytic Activity 

Proteolytic activity was determined by using hide 

powder azure (Calbiochem, San Diego, CA), an extremely 

sensitive general proteolytic substrate that will easily 

measure less than 1 ug trypsin (44). Sample preparations 

were diluted in 5 ml of barbital-sodium acetate buffer, 

pH 8.0, and added to scintillation vials containing 20 mg 

of hide powder azure. The vials were placed in a 37°C 

water bath and incubated with shaking for 30 minutes at 
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150 RPM. The reaction was terminated by placing the 

vials in an ice-bath. The supernatant was recovered by 

filtration through Whatman #1 filter paper (Whatman, 

Ltd., U.K.). The filtrate was assayed for dye content at 

545 nm against a reagent blank on an ACTA CIII 

spectrophotometer (Beckman). The negative control 

consisted of concentrated supernatant which had been 

heated in a boiling water bath for thirty minutes. The 

positive control was a solution of 1 mg/ml trypsin (44). 

The Effects of Boiling on Lipase Activity 

Four sets of duplicate samples of concentrated 

supernatant from strain 90ee were placed in a boiling 

water bath for 5, 10, 15, and 30 minutes, respectively. 

After boiling, the samples were cooled and assayed for 

lipase activity on Tween-20 in 50mM Tris buffer, pH 7.6. 

Activity was compared with that of the unheated control. 

Growth Curve Experiments 

For growth curve experiments, one liter of Anwar's 

defined medium was inoculated with washed cells to an 

OD540 of 0.15. Absorbance at 540 nm was determined at 

one-hour intervals on a Spectronic 20 spectrophotometer. 

Ten ml seonples were then transferred to centrifuge tubes 

and the cells harvested by centrifugation for 30 minutes 

at 17,000 X g. The supernatants were frozen, 
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lyophilized, reconstituted to 1.0 ml with 50mM Tris HCl, 

pH 7.6, and dialyzed against the same buffer. Duplicate 

samples were then assayed for lipase activity and total 

protein. Dilution plate counts were done to determine 

numbers of viable organisms. 

Effect of Polysaccharides on 
Lipase Production 

Ten 125 ml flasks were prepared, each containing 50 

ml of Anwar's defined minimal medium without glucose. Two 

flasks were used as controls: one supplemented with 20mM 

glucose and the other containing only Anwar's minimal 

salts in 50mM MOPS, pH 7.4. The other eight flasks were 

amended with 0.4% polysaccharide (gum acacia, glycogen, 

D-glucuronic acid or D-galacturonic acid) either alone 

or with 20mM glucose added (61). All flasks were 

incubated with shaking in a 37°C water bath for 24 

hours. The cultures were then centrifuged for 30 

minutes at 17,000 x g at 4°C and the supernatants 

lyophilized to dryness, redissolved in 5 ml water and 

dialyzed against 50mM Tris HCl, pH 7.6 at 4^0 for 24 

hours, followed by analysis for lipase and total protein. 

Gel Filtration Chromatography 

The concentrated supernatant from five one-liter 

24-hour cultures of 90ee was lyophilized to dryness, 
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resuspended in a small amount of deionized water, and 

dialyzed extensively against 50mM Tris buffer, pH 7.6. 

Lyophilization and dialysis were repeated to further 

reduce the volume to 5.0 ml. This concentrate, referred 

to as stage I enzyme, was applied to a 90 x 2.5 cm 

Sephadex G-200 (Pharmacia Fine Chemicals, Inc., 

Piscataway, NJ) gel filtration column which had been 

equilibrated overnight at 4°C with 50mM Tris buffer, pH 

7.6. Fractions were monitored for absorbance at 280 nm 

by a flow-through 2138 Uvicord S monitor (LKB 

Instruments, Rockville, MD) and recorded by a 6520-5 

Chopper Bar six channel recorder (LKB Instruments). One 

hundred forty-five fractions of 4.6 ml each were 

collected and every fifth fraction assayed for lipase 

activity. Those fractions with lipase activity were 

pooled and lyophilized to dryness. Molecular weight was 

estimated by calculating the partition coefficient (K^v) 

and comparing it with the K-̂ v values of molecular weight 

standards previously used to calibrate the Sephadex G-200 

column. Kav ^o^ each standard was calculated as follows: 

elution volume of standard minus void volume of column 

(as determined by elution of Blue Dextran) divided by 

total bed volume of column minus void volume of column. 

After dialysis against 50mM Tris buffer, pH 7.6, this 

preparation was referred to as stage II enzyme. 
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Polyacrylamide Gel Electrophoresis (PAGE) 

The lyophilized sample consisting of the pooled 

fractions from the Sephadex G-200 column was 

reconstituted in 2.0 ml of deionized water and dialyzed 

overnight against 50mM Tris, pH 7.6 at 4°C. The sample 

was then further concentrated by lyophilization and 

reconstituted in 250 ul of deionized water. The sample 

(18-20 ug protein) was applied to 7.5% analytical 

polyacrylamide gels in tubes and analyzed according to 

the Davis procedure for PAGE (11). 

Electrophoresis was carried out at 2 ma per gel 

until the tracking dye passed through the stacking gel 

and at 5 ma thereafter until the dye was approximately 1 

cm from the bottom of the gel. Gels were removed from 

the tubes and stained for 2 hours at room temperature 

(RT) in 0.2% Coomassie blue (R 250) in 5:1:5 methanol, 

acetic acid, and water. Destaining was accomplished in 

5% methanol-7.5% acetic acid at RT. The stained gels 

were placed in 13 x 100 test tubes and scanned at 580 nm 

on a Beckman Du70 spectrophotometer. The unstained gels 

were cut into 5 mm sections. Each section was put into a 

dialysis bag with one ml Tris buffer (50mM, pH 7.6), 

mashed and dialyzed against the scone buffer at 4°C for 72 

hours. After dialysis, the contents of each bag were 

analyzed for lipase activity. 
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Slab gels were also prepared using the Davis 

method (11). The gel solution was prepared as described 

above and pipeted between two glass plates, using one mm 

spacers between the plates. Electrophoresis was carried 

at 20 ma until the dye front was approximately one cm 

from the bottom of the gel. The unstained gels were 

sliced into sections. Some sections were stained while 

others were sectioned and subjected to further analysis. 

Some gels were silver stained using Bio-Rad Silver Stain 

(Bio-Rad Laboratories, Richmond, CA), according to a 

method derived from Merril et al. (34). 

Some samples were subjected to PAGE using sodium 

dodecyl sulfate (SDS-PAGE) (24). Samples (20 ug protein) 

were prepared by heating to 100°C for 5 minutes with 2.5% 

SDS and 5% 2-mercaptoethanol. Following denaturation, 

the samples were loaded onto a slab gel (12% acrylamide 

with a 5% stacking gel) and electrophoresed at 150 volts 

until the dye front was 1-2 cm from the bottom of the 

separating gel. The running buffer consisted of 0.025 M 

Tris, 0.192 M glycine, and 0.1% SDS; pH to 8.3. The 

gels were then stained with Coomassie blue (30 ml 1% 

Coomassie Blue, 120 ml trichloroacetic acid, 350 ml 

distilled water and 500 ml methanol). Gels were then 

destained at RT using an aqueous solution of 7% acetic 

acid and 10% methanol. Molecular weights were calculated 

using commercially-prepared standards (Bio-Rad). Both 
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native gels and SDS-PAGE gels were scanned using a Hoefer 

GS 300 transmittance/reflectance scanning densitometer. 

Relative migration (Rf) values were calculated by the 

instrument. 

Elution of Lipase Activity from PAGE Gels 

Tube gels or lanes cut from slab gels were cut 

into sections and each section placed in a dialysis bag 

with 0.5 ml buffer. The samples were then dialyzed for 

24 hours against the same buffer (50mM Tris, pH 7.6) at 

4°C. The contents of the bags were then analyzed for 

lipase activity on Tween. 

The Effects of pH on Lipase Activity 

Five sets of duplicate samples of stage II enzyme 

from strain 90ee were assayed for lipase activity on 

Tween-20 as described above. The pH of the 50mM Tris 

buffer used in the assay was adjusted with IN NaOH to pH 

7.0, 7.5, 8.0, 8.5, or 9.0. Activity was reported as 

units per ug of protein. 

Egg Yolk Reactivity of Purified Enzyme 

Two mm wells were cut into an egg yolk agar plate 

and filled with: stage II lipase (15 ug); high 

molecular weight lipase (15 ug); Tris buffer (50mM, pH 

7.6), which served as a negative control; or, as a 
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positive control, phospholipase C from C. perfringens 

(Sigma) (20 ug) (14). The plate was incubated at 37^0 

for six hours and inspected for clearing, opacity, or 

iridescence around the wells. 

Cytotoxicity Assay 

Two-fold serial dilutions of the stage II 

preparation, containing 30 ug of protein and having a 

specific activity of 2128 x 10"^ units per ug total 

protein, were made in Tris buffer (50mM, pH 7.6). 

Similar dilutions of the high molecular weight enzyme 

were also made (340 x 10"-̂  units/ug protein). Fifty 

microliters of each dilution were added to the 

appropriate microtiter well containing tissue culture 

cells. Purified toxin B from Clostridium difficile was 

used as positive control (14). Supernatant from a non-

toxigenic culture of C. difficile served as a negative 

control. The plates were incubated for 24 hours at 37°C 

under 5% CO2 and then examined microscopically. 

Cytotoxicity was scored as any rounding or actinomorphic 

change in the cells. Cells were checked for viability 

using the Trypan Blue dye exclusion method, which is 

based on the fact that viable cells are able to actively 

exclude the dye while dead cells are not and are 

therefore stained blue (46). 
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Isoelectric Focusing 

Isoelectric focusing (lEF) of stage II lipase was 

accomplished using pre-cast agarose gels, pH range 3-10 

(FMC BioProducts, Rockland, ME). Broad range lEF 

standards, pH range 4.6-9.6, (Bio-Rad) were run at the 

same time as the sample. Samples were applied (5 ul at 

concentration of approximately 2 mg/ml), electrophoresed 

at 500 volts for 90 minutes (Bio-Rad Model 1415 

horizontal cell), and stained with Coomassie Blue. 

Production of Specific Antiserum 
to 90ee Lipase 

Specific antiserum to purified lipase from 90ee 

was produced in young male New Zealand white rabbits. 

After pre-immune serum was obtained, 1.0 ml of stage II 

lipase (150 ug of protein) in an equal volume of 

Freund's complete adjuvant was injected subcutaneously. 

One week later a second subcutaneous injection of 1.0 ml 

of the lipase preparation was given in Freund's 

incomplete adjuvant, followed by a third injection in 

Freund's incomplete adjuvant one week later. The rabbit 

was bled from the ear one week after the third injection 

and the serum tested for the presence of neutralizing 

antibodies as described below. This series was repeated 

twice, after which one more injection was given and one 
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week later, the animal was subjected to a final bleeding 

via cardiac puncture. 

Neutralization Studies 

Supernatant fluids from log phase cultures of 90ee 

were clarified and concentrated as described above and 

assayed for lipase activity on Tween-20. Immunoglobulin 

fractions were purified from whole serum, both immune and 

pre-immune, by precipitation in 35% saturated ammonium 

sulfate, followed by dialysis against Tris buffer 

overnight at 37*̂ C. To determine the presence of 

neutralizing antibodies in the immune rabbit serum, 

identical 100 ul samples of concentrated supernatant were 

preincubated with 100 ul of either immune or pre-immune 

serum immunoglobulin at room temperature for thirty 

minutes and then overnight at 4°C. Following 

incubation, the samples were assayed for lipase activity 

on Tween-20 and percent reduction in activity was 

calculated as follows: Lipase activity in pre-immune 

serum minus lipase activity in immune serum divided by 

lipase activity in pre-immune serum times 100. 

Neutralization studies of the various P. cepacia strains 

were conducted similarly, using culture supernatants from 

those strains and precipitated immune globulin fractions. 

For these studies, the amount of lipase added from each 

strain was standardized so that each sample contained the 
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same number of lipase units (63 units) as well as the 

same amount of antiserum. The experiment was performed 

twice, using duplicate samples each time, and the percent 

neutralization of each strain was calculated. The 

results of the two experiments were averaged and each 

strain was compared with the control (supernatant from P. 

cepacia 90ee). 

Western Blotting of PAGE Gels 

Gels were bloted electrophoretically to 

nitrocellulose overnight in transfer buffer (0.192M 

glycine, 0.025M Tris, pH 8.3, 20% methanol). The 

nitrocellulose sheet was then washed in phosphate 

buffered saline (PBS) and soaked in blocking solution (3% 

bovine serum albumin [BSA] and 1% fetal bovine serum 

[FBS]) for 30 minutes. The primary antibody, diluted 1:5 

in blocking solution, was applied and allowed to incubate 

overnight with rocking. After four ten-minute washes with 

PBS, the membrane was covered with the Protein A-

colloidal gold reagent (Bio-Rad) and incubated, with 

rocking, at room temperature overnight. After washing in 

Tris-buffered saline (500 mM NaCl, 20 mM Tris; pH 7.5) 

the membrane was air dried. 
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Effects of Lipase Injected 
Intravenously into Mice 

Five 20g female Swiss Webster mice (Cox 

Laboratories, Indianapolis, IN) were injected 

intravenously with 0.1 ml of the stage II lipase 

preparation containing 30 ug protein and having a 

specific activity of 2128 x 10"^ units per ug total 

protein. Controls were injected with 0.1 ml Tris buffer 

(50mM, pH 7.6). The animals were observed for 72 hours 

for signs of morbidity. 

Other in vivo studies of this enzyme are described 

in Appendix A. 
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CHAPTER III 

RESULTS 

Reliability of Tween Assay 

We found the Tween-20 assay to be a rapid, 

sensitive and reliable method for the assay of lipase 

activity. The lipase activity of concentrated 

supernatant from strain K19-2 grown in TMM appeared to be 

linearly related to time from 0 to 120 minutes (Figure 

1). Activity also increases as the amount of enzyme-

containing sample is increased (Figure 2). Figure 3 

shows the lipase activity of P. cepacia 90ee as a 

function of concentration. Because strain 90ee appeared 

to produce greater amounts of lipase activity, this 

strain was chosen for further experiments to isolate and 

characterize the enzyme. 

Activity of P. cepacia Lipase 
on a Variety of Substrates 

Ten clinical isolates of P. cepacia from the 

sputum of CF patients were examined for the production of 

lipase activity on various substrates. The activity 

detected on NPPC, and on Tween is presented in Table 1 

and is compared with the activity of P. cepacia on egg 

yolk agar as reported by McKevitt et al. (30). The egg 

yolk reaction is commonly used to detect the activity of 
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lecithinase which splits lecithin (phosphatidylcholine), 

liberating phosphorus and choline, usually with the 

deposition of fat (27). Six out of the ten isolates 

tested by McKevitt et al. (48b, 224c, 710m, K19-2, K56-2, 

and R5231-2) produced lecithinase (29). However, all ten 

strains hydrolyzed Tween (Table 1). We also assayed the 

concentrated culture supernatant from each of the ten 

isolates for phospholipase C (PLC) on NPPC. Although 

PLC activity has been reported (57), we were unable to 

detect any phospholipase C activity in cultures grown 

under these conditions. The control, phospholipase C, 

Type I, from C. perfringens gave a positive reaction with 

an OD405 °^ 0.550 for a preparation containing 10 ug and 

the assay could detect as little as 1 ug (Figure 4). 

The Tween assay permitted us to quantitate the 

lipase activity. Lipase activity was expressed as units 

of activity per microgram total protein. There was no 

apparent correlation between the activity of these 

strains on egg yolk agar and that demonstrated on Tween. 

For example, strain 90ee produced measurable amounts of 

lipase activity on Tween-20 but was negative in the egg 

yolk agar assay and strain K56-2, which was less active 

against Tween-20, was positive in the egg yolk agar 

assay. 

We also used Tweens -40, -60, and -80 to assay for 

lipase activity produced by all ten isolates (Table 1). 
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All strains gave a measurable reaction on Tween-20 and 

similar values were observed using Tweens -40, -60, and 

-80. Some strains appeared to be slightly less active on 

Tweens -60 and -80. In view of these results, we elected 

to use Tween-20 as a substrate for assay in subsequent 

experiments. 

Because strain 90ee was a relatively high producer 

of lipase activity on Tween-20 we elected to use it for 

further studies of the enzyme. We examined concentrated 

supernatants for the ability to hydrolyze a number of 

triglycerides. As shown in Table 2, the enzyme 

apparently hydrolyzed triacetin and tripropionin, but not 

tributyrin, tricaproin, tricaprylin, or olive oil, at 

both RT and at 37°C. The positive control (90ee 

supernatant on Tween-20) also resulted in a measurable 

change in pH, while the negative control (heated 90ee 

supernatant on Tween-20) did not (Table 2). 

Kinetics of Lipase Production 

We have done many growth curves using P. cepacia 

and Figure 5 is a typical growth curve for 90ee. This 

strain had a doubling time in minimal medium of about two 

hours. We also used 90ee to examine the kinetics of 

lipase production. Lipase activity began to appear at 

the beginning of log phase (six hours) and its increase 

closely paralleled the increase in cell population 
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(Figure 5). Dilution plate counts showed this increase 

to be due to increased numbers of viable cells. As 

absorbance increased from 1.3 to 3.5, the number of 

CFU/ml increased from 256 x 10^ to 372 x 10^. Lipase 

activity continued to accumulate as the cells passed 

into stationary phase. 

Effects of Polysaccharides 
on Lipase Production 

Although it has been reported that polysaccharides, 

particularly those with highly organized and branching 

structures such as gum acacia, enhance the production of 

lipase by some microorganisms (61), we did not find this 

to be true in the case of P. cepacia 90ee. 

Effects of Boiling on Lipase Activity 

The lipase of P. cepacia 90ee is heat labile. 

Heating in boiling water for 15 minutes resulted in a 

loss of approximately 80% of the activity compared with 

that of the unheated control. 

Lethality Studies 

The LD50 for the strains we examined ranged from 

0.167 X 10^ to 9.54 x 10^ CFU when injected IP into mice 

(Table 3). Figure 6 shows a weakly positive correlation 
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between LD50S of P. cepacia and lipase production in 

vitro (r = 0.686038). 

Survey of Lipase Production by Thirty-
eight P. cepacia Isolates 

Table 4 shows that lipase activity on Tween-20 was 

found in all the isolates we examined, whether clinical, 

environmental, or plant pathogen. Values ranged from 

148.7 X 10""̂  units of lipase/ug total protein for Pc224c 

to 3308.6 X 10 "^ units of enzyme activity/ug protein 

for 34930. Analysis of variance (ANOVA) showed no 

correlation between lipase production ^ vitro and either 

serotype or clinical condition of the patient at the time 

that strain was first isolated. 

Purification of the Lipase 
by Gel Filtration 

When concentrated supernatant from a 24-hour 

culture of 90ee chromatographed on Sephadex G-200, most 

of the lipase activity was eluted in fractions 60-80, 

although there was a small amount of activity in the void 

volume (Figure 7). This elution volume is the same as 

that of chymotrypsinogen (MW 25,000) (Figure 8). 

Kav = (Ve-Vo)/(Vt-Vo) 

Kav = (322-161)/(401-161) = 0.067 

If the cultures were allowed to grow for three 

days, and the concentrated supernatants subjected to 
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Sephadex G-200 gel filtration, the elution profile 

appeared quite different from those of one-day cultures 

(Figure 7). This effect was first noted in elution 

profiles from cultures accidentally left growing in the 

incubator shaker over the weekend. The 25,000 MW peak of 

lipase activity (stage II lipase) became smaller and the 

lipase activity in the void volume was visibly increased. 

Analysis of column fractions indicated no detectable 

protease activity eluted from the column. To further 

investigate this phenomenon, we varied the incubation 

times. We found that the relative size of the peaks 

could be varied by incubating the cultures for 24, 48, or 

72 hours (Figure 7). Figure 9 shows an increase in 

absorbance at 280 nm in the void volume at 72 hours 

concomitant with the increase in lipase activity. This 

experiment was done once. 

Effects of PH on Lipase Activity 

Figure 10 shows that lipase activity of stage II 

enzyme on Tween-20 increased as pH was increased in 

increments of 0.5 from 189.9 x 10"^ units/ug total 

protein at pH 7.0 to 404.6 x 10"-̂  units/ug total protein 

at pH 9.0. Tween-20 incubated as a blank (no enzyme) 

resulted in an absorbance at 400 nm of 0.05 or 0.06. 
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Egg Yolk Reactivity of Stage II Lipase 

The lipase which hydrolyzed Tween-20 showed no 

discernable reaction when applied as stage II enzyme to 

egg yolk agar. Phospholipase C (10 ug/ul) used as a 

control resulted in a positive reaction 1 cm in diameter. 

Lipase Versus Esterase 

Figure 11 shows that the lipase of 90ee appears to 

be most active on the soluble phase of triacetin, rather 

than the micellar or insoluble phases, and therefore 

might be, strictly speaking, an esterase. However, for 

purposes of this discussion, it is appropriate to 

continue to refer to it as a lipase. 

Isoelectric Focusing of Stage II Lipase 

Isoelectric focusing of stage II lipase shows two 

components (Figure 12), one having a pi of 5.6 and the 

other migrating to the cathode with cytochrome c (pi > 

9.6). 

Neutralization Studies 

When antiserum to the stage II lipase of 90ee was 

added to purified lipase, 58.1% of the activity was 

neutralized (Table 5). Lipase activity in culture 

supernatants from 90ee and ten other clinical isolates of 

P. cepacia was also neutralized, indicating that all 
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strains of P. cepacia produce an immunologically similar 

lipase (Table 5). 

PAGE Analysis of Sephadex G-200 Fractions 

Early experiments involving analysis of stage II 

lipase by PAGE of native gels in tubes showed a wide 

blue-staining band (R̂  = 0.39) which corresponded to the 

major peak of lipase activity eluted from unstained gels 

(Figure 13). There was another, faintly visible, band 

(Rf = 0.67) which also appeared to be associated with a 

very small amount of lipase activity (Figure 13). 

When PAGE was carried out on native slab gels, 

there were four distinct bands and one faintly visible 

one (Figure 14). Scans showed the darkest band to have 

an Rf value of 0.36 (Figure 15). There were also three 

distinct bands (Rf = 0.45, 0.59, and 0.70) and a fainter 

one (Rf = 0.54) (Figure 15). When a duplicate gel was 

cut into 1 cm slices and eluted, there was a very broad 

area of lipase activity extending from Rf = 0.30 to Rf = 

0.70 (Figure 16). 

When the same stage II preparation was subjected to 

SDS-PAGE, there was only one visable band (Rf = 0.52), 

which migrated to a point in the gel very near that of 

the molecular weight standard, carbonic anhydrase (MW 

31 000). Calculations confirmed the estimated molecular 

weight of 25,000 for the lipase (Figures 17, 18). 
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Characterization of Antiserum by PAGE and 
Western Blot 

When native gels of stage II 90ee lipase are 

blotted with specific antiserum and stained with Protein 

A-colloidal gold conjugate, all of the bands which 

correspond to areas of lipase activity in the gel are 

stained (Figure 19). In addition, there are three slowly 

migrating bands which are immunostained as well, but 

which do not show up in the stained gel (Figure 19). 

When SDS gels of the same preparation are blotted, the 

0.52 band is stained, but, again, there is a band (Rf = 

0.30) which appears on the blot, but not on the gel 

(Figure 20). 

Biological Effects of Purified Lipase 

Stage II lipase was not cytotoxic to any of the 

tissue culture cell lines in the concentrations we 

excunined. There was, however, noticeable rounding of the 

cells subjected to C. difficile toxin B. There were no 

deaths or morbidity among the five mice injected 

intravenously (IV) with stage II lipase. The effects of 

the enzyme in the lungs of rats are shown in Figures 21 

through 27 and are discussed in Appendix A. 
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Table 1: Lipase Activity of Ten Isolates of Pseudomonas 
cepacia on Six Different Substrates 

Strain 

Egg , 
Yolk^ NPPC*̂  

20 

buostrate 

Tween^ 

40 

++ 

++++ 

++ 

++ 

++++ 

+ 

+ 

+++ 

+++ 

60 

++ 

+++ 

++ 

++ 

+++ 

+ 

+ 

+ 

+++ 

++ 

80 

48b 

90ee 

99bb 

155f 

224c 

710m 

K19-2 

K56-2 

K30-6 

R5231-2 

+ 

— 

-

-

+ 

+ 

+ 

+ 

— 

+ 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

++ 

++++ 

++ 

+++ 

++++ 

+ 

+ 

+ 

+++ 

+++ 

++ 

+++ 

+ 

++ 

+++ 

+ 

+ 

+ 

++ 

++ 

^ As reported by McKevitt and Woods (30). 

^ p-nitrophenylphosphorylcholine. Level of 
sensitivity <0.01 mg/ml. ND, none detected. 

^ Cultures were grown for 24 hours in Anwar's minimal 
medium and supernatants were assayed on Tween-20, -40, 
-60, or -80. 
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Kf 

Table 2: Lipase Activity^ of Pseudomonas cepacia on a 
Variety of Substrates^ Titrated with Sodium Hydroxide 

Sample Substrate Temperature nmol /min^ 

90ee 

90ee 

90ee 

90ee 

90ee 

90ee 

90ee 

90ee 
(heated)f 

90ee 
(unheated) 

69-14 

pancreatin 

90ee 

90ee 

90ee 

90ee 

90ee 

triacetin 

tripropionin 

tributyrin 

tricaproin 

tricaprylin 

olive oil 

Tween-20 

Tween-20 

Tween-20 

triacetin 

olive oil 

triacetin 

tripropionin 

tributyrin 

tricaproin 

olive oil 

RT<= 

RT 

RT 

RT 

RT 

RT 

RT 

RT 

RT 

RT 

RT 

370 

370 

370 

370 

370 

C 

C 

C 

C 

C 

67 

300 

ND® 

ND 

ND 

ND 

17 

ND 

24 

67 

340 

1564 

962 

ND 

ND 

ND 
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Table 2: (continued) 

^ Titrated with a pH stat to a set point of 8.8. 

" 5% triglyceride emulsified in gum acacia or 10% Tween-
20 in Tris buffer. 

^ Room temperature. 

" Where duplicates were done, they are reported as mean 
values + SEM. 

® None detected. 

^ Sample was heated to boiling for thirty minutes. 
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Table 3: liD5ô  Studies on Nine Strains of Pseudomonas 
cepacia 

Strain CFU x 10^ ̂  

Pc 48b 0.167 + 0.10 

90ee 9.54 + 0.27 

99bb 0.555 + 0.195 

Pcl55f 6.60 + 2.40 

Pc224c 5.15 + 1.55 

Pc710m 5.20 + 0.70 

K19-2 2.41 + 2.04 

K30-6 4.51 + 3.34 

R5231-6 3.07 + 2.25 

^ Injected IP into Swiss-Webster mice and determined by 
the method of Reed and Muench (43). 

^ Values reflect the mean of duplicate samples + SEM. 
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Table 4: Lipase Activity of Thirty-eight Isolates of 
Pseudomonas cepacia on Tween-20 

Strain Type^ Origin 10"^ Units/ug^ Condition^ 

K19-2 
K30-6 
K33-1 
K41-6 
K43-3 

K45-1 
K53-2 
K56-2 
HI729-2 
Pc224c 

Pc710m 
99bb 
Pc445kk 
Pc554d 
Pc43-3 

48-36 
69-14 
5530pk 
34930<^ 
34192^ 

Pc527i 
Pc48b 
Pc535a 
Pc61g 
Pc706k 

Pc275c 
22-12® 
22-22® 
Pc704cc 
Pcl55f 

K63-2 
Pc715j 
R5231-3 
12544® 
22-20® 

A 
A 
A 
A 
A,D 

A 
A 
A 
A 
A 

A,D,E 
B 
B 
B 
B 

B 
B 
C 
C 
C 

D 
D 
D 
D 
D 

D 
D 
D 
D 
D 

E 
E 
E 
-NA-^ 
-NA-

Toronto 
Toronto 
Toronto 
Toronto 
Toronto 

Toronto 
Toronto 
Toronto 
Toronto 
Cleveland 

Cleveland 
Cleveland 
Cleveland 
Cleveland 
Cleveland 

Cleveland 
Cleveland 
Calgary 
Cleveland 
Cleveland 

Cleveland 
Cleveland 
Cleveland 
Cleveland 
Cleveland 

Cleveland 
Cleveland 
Cleveland 
Cleveland 
Cleveland 

Toronto 
Cleveland 
Toronto 
Cleveland 
Cleveland 

1513.8 + 
582.6 + 
2667.4 + 
838.3 + 
246.6 + 

845.8 + 
874.5 + 
536.2 + 
842.3 + 
148.7 + 

657.2 + 
1248.2 + 
786.6 + 
1126.7 + 
708.6 + 

2158.5 + 
2066.5 + 
2311.0 + 
3308.6 + 
1097.0 + 

2432.1 + 
278.8 + 
162.0 + 

2778.7 + 
576.0 + 

315.1 + 
423.7 + 
418.5 + 
2458.5 + 
1973.8 + 

1802.2 + 
2247.4 + 
555.0 + 
1391.7 + 
1789.6 + 

96.8 
17.3 
17.5 
16.3 
2.6 

48.7 
3.2 
12.7 
4.3 
9.0 

10.6 
196.6 
66.4 
10.1 
17.7 

64.7 
14.9 
123.2 
126.7 
100.6 

106.5 
25.8 
22.0 
3.1 
31.3 

3.3 
5.5 
4.7 
47.7 
85.8 

77.8 
13.5 
70.3 
19.0 
3.2 

moderate 
mild 

+ 
moderate 
moderate 

+ 
severe 
severe 
moderate 
mild 

moderate 
severe 
severe 
mild 

"" 

-

— 

— 

* 

* 

severe 
severe 
moderate 
severe 
severe 

severe 
* 

* 

severe 
moderate 

severe 
— 

+ 
• 

* 
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Table 4: (continued) 

Strain Type^ Origin 10"^ Units/ug^ Condition^ 

Pc619i -NA- Cleveland 
90ee A,B,C,D,E Cleveland 
K634 -NA- Toronto 

1700.1 + 
1578.0 + 
2178.4 + 

2.8 
2.1 
1.8 

moderate 
moderate 

-

a Typing scheme based on whole cell antigen, A 
through E, and non-agglutinable (NA) (31). ANOVA 
was used to compared the mean values of each group. 
F-Ratio = 0.837 Prob>F = 0.534 
Critical F = 2.53 

" Lipase activity of 24-hour culture supernatants 
determined on Tween-20. A unit is defined as that 
amount of activity which, under the conditions of 
the assay, increases the OD400 by 0.01. Numbers 
refer to 10"^ units/ug total protein + SEM. 

^ Condition of patient at the time the strain was 
isolated based on Schwachman scores (43): >70 = 
mild; 45-70 = moderate; <45 = severe; 
+ = deceased; - = information not available; 
* = not a clinical isolate. For ANOVA, each 
category was given anumber: mild = 1; 
moderate = 2; severe = 3; and deceased - 4. 
The means of each group were compared. F = 0.596 
Prob>F = 0.625. Critical F = 3.05 

^ Environmental isolate. 

® Plant isolate. 
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Table 5: The Ability of Immune Rabbit Serum to 
Neutralize Lipase Activity in Culture Supernatants 
of Pseudomonas cepacia 

Strain % neutralized % neutralized mean + SEM 
(1) (2) 

K43-3 

46-36 

Pc224c 

69-14 

Pc61g 

527i 

39430 

34192 

H1792-2 

710m 

-. a 

30.1 

7.5 

33.4 

8.8 

13.1 

18.8 

8.2 

18.6 

16.8 

21.4 

31.5 

29.3 

37.3 

14.7 

21.2 

10.3 

18.7 

24.4 

20.6 

— 

30.8 

18.4 

32.4 

11.8 

17.2 

14.6 

13.5 

21.5 

18.7 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

0.7 

10.9 

1.0 

3.0 

4.1 

4.3 

5.3 

2.9 

1.9 

control 

(90ee) 17.7 22.5 20.1 + 2.4 

90ee 

(Pool 1)^ 

(Pool 2)^ 

95.3 

65.5 

47.3 

50.9 

71.3 + 24.0 

58.1 + 7.2 

^ K43-3 was not duplicated due to loss of the sample. 

^ High molecular weight lipase from 90ee. 

c stage II 90ee lipase. 
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Figure 1. The Tween assay as a function of time. 
Supernatants from five one-liter, 24-hour cultures of P. 
cepacia K19-2 grown in TMM were pooled, and concentrated 
to 60 ml. Duplicate samples were assayed for lipase 
activity on Tween-20 (A). A reagent blank (o) and an 
enzyme blank (•) were used as controls. Absorbance at 400 
nm was measured every five minutes on a Bausch and Lomb 
Spectronic 20. Results represent the mean values of 
duplicate samples. Solid line is regression line. 
R = 0.990; CI >95%. 
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Figure 2. Lipase activity measured in the Tween assay 
as a function of enzyme concentration. Supernatants from 
five one-liter 24-hour cultures of K19-2, grown in TMM, 
were pooled and concentrated to 60 ml. For the assay, 
concentrated supernatant was added in the amounts 
indicated and the total volume adjusted to 3.0 ml with 
50mM Tris, pH 7.6. The assay was incubated for thirty 
minutes and OD at 400 nm was read on a BecJcman ACTA III 
spectrophotometer. Results represent the mean value of 
duplicate samples. Solid line is regression line. 
R = 0.976; CI >95%. 
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Figure 3. Lipase activity of P. cepacia 90ee as a 
function of concentration in the assay. One liter 
cultures were grown overnight in Anwar's chemically 
defined medium, the supernatants concentrated and 
assayed on Tween-20. Supernatant was added in the 
amounts indicated and the total volume adjusted to 
3.0 ml with 50mM Tris, pH 7.6. Solid line is 
regression line. R = 0.956; CI >95%. 
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Figure 4. Standard curve generated by 0 to 10 ug C. 
perfringens phospholipase C Type I assayed on p-
nitrophenylphosphorylcholine. Results are the mean 
values (absorbance at 405 nm) of duplicate samples. 
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Figure 5. Typical growth curve and kinetics of lipase 
production by P. cepacia 90ee. Cells were grown in 
Anwar's minimal defined medium. At 2-hour intervals 10 
ml samples were taken from the culture and duplicate 
seimples of the concentrated supernatant were assayed for 
lipase on Tween-20. The mean values were plotted as a 
function of time. The growth of the organism was 
determined spectrophotometrically at 540 nm and the 
lipase assay was read at 400 nm. 
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Figure 6. Correlation between LD50 of P. cepacia and 
lipase production in vitro. LD5Q of nine P. cepacia 
strains were determined by IP injection of Swiss-Webster 
mice. Lipase activity was determined by Tween-20 assay 
of supernatants from 24-hour cultures of these nine 
strains and plotted as 10"-̂  units of activity/ug protein 
Activity was plotted as a function of 10^ CFU and the 
correlation coefficient (r = 0.686038) was calculated. 

49 



o o 

LiJ 
O z 
< 
m 
tt: o 
( / ) 
m 
< 

1.0 -

c 0.8 -

0.6 -

0.4 -

0.2 

0.0 
0 20 40 60 80 100 120 140 

FRACTION NUMBER 

Figure 7. Elution profiles of lipase activity of 
concentrated supernatants from 24, 48, and 72-hour 
cultures of P. cepacia 90ee eluted from a Sephadex 
G-200 gel filtration column. 
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Figure 8. Elution profile of molecular weight 
standards, aldolase (MW 158,000) and chymotrypsinogen 
(MW 25,000), from Sephadex G-200 column. The eluate was 
continuously monitored for protein at 280 nm. 
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Figure 9. Elution profile of material absorbing at 280 
nm in concentrated supernatants from 24, 48 and 72-hour 
cultures of P. cepacia 90ee eluted from a Sephadex G-200 
gel filtration column. 
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Figure 10. The effects of pH on lipase activity of P. 
cepacia 90ee. Values represent the mean of duplicate 
Seunples. The assay was done on Tween-20 in 50mM Tris 
buffer at the designated pH. 
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Figure 11. Activity of 90ee lipase on various con
centrations of triacetin in an aqueous mixture. Enzyme 
activity on the various concentrations was determined by 
titration with NaOH for ten minutes to a set pH of 8.8. 
The vertical lines refer to critical micellar concen
tration (CMC), ( ) for triacetin which has been 
reported to be approximately 2.3%; and solubility ( ) 
which was determined visually. 
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Figure 12. Isoelectric focusing of stage II lipase 
showing two components (marked with X), pi = 5.6 and pi > 
9.6. 
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Figure 13. Profile of a densitometric scan (580 nm)and 
eluted lipase activity (.400 nm) from polyacryleonide gels 
of stage II enzyme from 90ee culture supernatants. 
Stained gels were scanned at 580 nm. Unstained gels were 
eluted and assayed for lipase activity on Tween-20. 
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Figure 14. Native polyacrylamide gel showing BSA 
standard (Lane 1) and stage II lipase from 90ee (Lane 4) 
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Figure 15. Densitometer scans of native polyacrylamide 
gels of BSA standard (A) and stage II lipase from 90ee 
(B). 
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Figure 16. Elution profiles of lipase activity from 
native polyacrylamide gels of stages I (o) and II (•) 
lipase from 90ee. 
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Figure 17. SDS-PAGE gel showing molecular weight 
standards (Lane 1), stage I lipase (Lane 3), and stage II 
lipase (Lane 4). 
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Figure 18. Densitometer scans of SDS-PAGE gel^ of 
molecular weight standards (A), stage I lipase from 90ee 
(B), and stage II lipase from 90ee (C). 
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Figure 19. Western blot of stage II lipase run on 
native polyacrylamide gel. Gels were blotted onto 
nitrocellulose, treated with immune serum, and then 
stained with Protein A-colloidal gold. 
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Figure 20. Western blot of stage I lipase (left lane) 
and stage II lipase (right lane) run on SDS-PAGE. Gels 
were blotted onto nitrocellulose, treated with immune 
serum, and then stained with Protein A-colloidal gold. 
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Figure 21. Photomicrograph of hematoxylin and eosin 
stained section of rat lung inoculated with 100 ng of 
purified £i cepacia 90ee lipase, showing large amounts of 
proteinaceous exudation and obliteration of the alveolar 
structure. Bar represents 100 um. 
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Figure 22. Higher magnification of Figure 21 
demonstrating presence of inflammatory cells and red 
blood cells. Delineation of the alveolar spaces is 
impossible due to disruption of pneumocyte layer. Bar 
represents 100 um. 

65 



Figure 23. Photomicrograph of reticulocyte stained 
section of rat lung inoculated with 100 ng of BSA. No 
pathological changes were noted. Bar represents 100 nm. 
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Figure 24. Photomicrograph of hematoxylin and eosin 
stained section of rat lung inoculated with P_̂  cepacia 
90ee, seven days post-inoculation. Bar represents 100 
um. 
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J 

Figure 25. Fluorescence photomicrograph of rat lung 
inoculated with 100 ng purified P. cepacia 90ee lipase. 
Frozen sections of lung were reacted with rabbit anti-
lipase and probed with FITC conjugated goat anti-rabbit 
serum. 
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Figure 26. Fluorescence photomicrograph of rat lung 
inoculated with P^ cepacia 90ee. Sections were treated 
as described in Figure 25. 
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Fiaure 27. Fluorescence photomicrograph ^^^^^^J.^^^ 
Inoculated with 100 ng BSA. Sections were treated as 
described in Figure 25. 
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CHAPTER IV 

DISCUSSION 

Development of the Lipase Assay 

Many organisms elaborate enzymes which are able to 

break down lipids and lipid-like molecules. Methods for 

screening for these enzymes include techniques which 

measure a visible, physical change in the substrate, such 

as the egg yolk agar method (27) and the spirit blue agar 

method of Starr (50). However, both of these methods 

involve agar plates and are time consuming and cumbersome 

and the results are difficult to quantitate. Other 

methods assay for the reaction products, such as the 

alcohol released or the freed fatty acids. The Tween 

assay offered a fast, convenient technique for assaying 

for fatty acids. It was described and used by 

Tirunarayanan and Lundbeck for the assay of lipase 

produced by staphylococci (55). We have used the assay 

for the rapid screening of large numbers of P. cepacia 

isolates for lipase activity. We have found the assay to 

be linearly related to the incubation time of the assay 

(Figure 1). However, for consistent, reliable results, 

certain precautions should be observed. We set the 

incubation time at two hours. It is important that the 

incubation time be consistent for each assay since the 

enzyme reaction would continue and the turbidity increase 
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until the substrate was used up. Samples should be read 

in the order they were prepared so that each sample is 

incubated for the same length of time. 

The assay also demonstrated a dose response to the 

amount of enzyme added (Figure 2, 3). (Although these 

data fit a straight line, the assay may not be linear at 

high concentrations.) In these experiments, the enzyme 

was added in the form of concentrated, dialyzed 

supernatant. Dialysis of concentrated samples is 

important because high salt concentrations may interfere 

with the assay, causing the formation of calcium salts 

other than the calcium laurate which is measured in the 

assay. 

For purposes of quantitating and comparing the 

amount of enzyme in different samples, it was desirable 

to define a unit of activity and to express the number of 

units of activity in terms of some other quantity. A 

unit was defined as that amount of activity which, under 

the conditions of the assay, results in an increase in 

optical density at 400 nm of 0.01. The specific activity 

was expressed as 10""̂  units/ug total protein in the 

sample. 

Studies Using Stage I Lipase 

Macfarlane et al. observed that C. perfringens 

acts on an emulsion of egg yolk in agar to give a marked 
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zone of clearing due to hydrolysis of the egg yolk, and 

an opalescent or iridescent surface sheen due to the 

deposition of fat (27). This may be followed or 

accompanied by the formation of an opaque zone due to the 

precipitation of insoluble calcium or sodium salts of 

fatty acids. MacFarlane characterized the egg yolk 

reaction produced by C. perfringens toxin as the activity 

of a lecithinase, phospholipase C (27). The egg yolk 

agar assay, however, is not specific for a particular 

enzyme, but is commonly used as a differential medium for 

the assay of three classes of bacterial enzymes: 

lecithinase, characterized by opacity in medium; 

protease, which produces clearing of the egg yolk 

emulsion; and lipase, which results in an iridescent 

sheen due to the deposition of fat on the surface of the 

agar. 

McKevitt and Woods reported that many P. cepacia 

strains produced a positive lipase reaction on egg yolk 

(30). We wished to know if this reaction was due to the 

lipase we have identified. Table 1 shows that the 

activity produced by ten of these clinical isolates on 

egg yolk agar was apparently not correlated with that 

produced on any of the Tweens. Strain 90ee produced 

lipase activity on Tween but gave no discernible 

reaction on egg yolk. It seems likely that these 

reactions were due to different enzymes. This is 
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supported by the fact that purified preparations of the 

enzyme which hydrolyzed Tween-20 gave a negative reaction 

on egg yolk agar. 

The Tween assay also provided a choice of 

substrates. Tirunarayanan and Lundbeck reported that 

the amount of measurable activity of staphylococcal 

lipase varied depending on which Tween was used as a 

substrate (55). Horlein and Pilz reported that human 

serum protein lipase activity was twice as great on 

Tween-80 as on Tween-60 (19). The variability of the 

reactions may depend on how well the enzyme fits the 

synthetic substrate. Tweens -20, -40, -60, and -80 are 

esters of lauric, palmitic, stearic, and oleic acids and 

have 12, 16, 18, and 18 carbons, respectively in their 

chains. Oleate differs in that it also has a double bond 

between carbons 9 and 10. In general, the shorter the 

chain, the more effective the hydrolysis of the 

substrate. Tween-80 was least hydrolyzed by these 

organisms (Table 1). Tween-20 was hydrolyzed by all 

strains. 

Concentrated supernatants from cultures of P. 

cepacia 90ee were also able to hydrolyze certain 

triglycerides (Table 2). Again, the ability of the 

organism to hydrolyze the substrate appeared to depend on 

the number of carbons in the fatty acid chain. P. 

cepacia was capable of using triacetin (2 carbons) and 
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"tripropionin (3 carbons) as substrates. Tributyrin (4 

carbons), tricaproin (6 carbons), and tricaprylin (8 

carbons) were not used in this manner by this organism. 

Therefore, this enzyme differs from that described by 

Jorgensen et al. (22). Olive oil, which is a substrate 

for many lipases, was not hydrolyzed by 90ee supernatant. 

However, it was hydrolyzed by pancreatic lipase employed 

as a positive control. Supernatant from strain 69-14 was 

also able to hydrolyze triacetin. Although hydrolysis 

of triacetin and tripropionin occurred at room 

temperature, it occurred to a much greater extent at 

37°C. This could have important implications in 

consideration of this enzyme as a possible virulence 

factor. Heating in boiling water for 30 minutes 

eliminated all detectable enzyme activity on Tween-20, as 

measured by automatic titration, indicating that the 

enzyme is heat labile. 

Lipase activity was produced by log phase cultures 

and continued to develop in the culture supernatants when 

the cells were allowed to enter stationary phase (Figure 

5) ̂  suggesting that the enzyme is stable under culture 

conditions and not subject to proteolytic digestion by 

proteases produced by this organism (30, 32). 

Another form of lipase activity, eluting from the 

Sephadex G-200 column at the void volume, was found in 

the supernatants of cultures which were subjected to 
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extended periods of incubation (Figure 7). Lipases are 

known to form aggregates, either with other lipase 

molecules or with some other species, such as lipids 

(10). The reduction of activity in the large peak which 

is concomitant with the appearance of a large molecular 

weight species which elutes from Sephadex G-200 in the 

void volume suggests self-aggregation. 

The addition of polysaccharides, especially highly 

organized or branched forms to the culture medium has 

been shown to enhance the production of extracellular 

lipase by some microorganisms (61). Based on one 

experiment, we found no evidence of this in P. cepacia. 

Gum acacia actually appeared to inhibit the production of 

lipase by P. cepacia 90ee. D-glucuronic acid and D-

galacturonic acid resulted in a similar reduction of 

lipase activity per mg dry weight of cells. Only 

glycogen appeared to have no effect. 

It was reported in Table 2 that boiling for 30 

minutes resulted in loss of detectable activity on Tween 

as measured by automatic titration. However, small 

amounts of turbidity were noted in these samples when 

they were assayed with the more sensitive Tween assay. 

This indicated some hydrolysis of the Tween and the 

precipitation of calcium laurate. For the investigation 

of this, concentrated supernatants were subjected to a 

boiling water bath and then assayed turbidimetrically. 
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It was found that heating for five minutes resulted in a 

loss of most of the activity of the control. Activity 

continued to be gradually and steadily lost upon 

continued heating. However, a small amount of activity 

persisted in the supernatant after heating for thirty 

minutes. This heat stable component could possibly be 

another enzyme in the supernatant or perhaps another form 

of the same enzyme, complexed or aggregated in such a 

way to prevent denaturation and loss of activity upon 

heating. 

Lethality studies using intraperitoneal injection 

of P. cepacia confirmed observations by other researchers 

that this organism has little virulence in healthy 

animals (15, 34) (Table 3). We were interested in 

whether there were any possible toxic effects associated 

with lipase production. Figure 6 shows a weakly positive 

correlation between the LD50 of nine P. cepacia strains 

and lipase production by those strains iji vitro. 

However, this reflects an inverse relationship. The 

greater the LDsQr the less virulent the organism. The 

least virulent strains apparently produce the most lipase 

in vitro. This observation probably means very little in 

terms of evaluating the lipase as a possible virulence 

factor in pulmonary infections. Table 4 shows the 

clinical condition of a number of patients at the time a 

particular strain of P. cepacia was isolated. There was 
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no correlation between patient condition and lipase 

activity in vitro. 

Thirty eight strains were assayed, and all 

produced lipase (Table 4). There was no correlation 

between lipase production and serotype. The enzyme was 

produced by clinical and non-clinical isolates. 

Purification and Characterization 
of Stage II Lipase 

When concentrated culture supernatants from 90ee 

were subjected to Sephadex G-200 gel filtration 

chromatography, it appeared that lipase was being eluted 

from this column relatively free of other proteins. 

Specific lipase activity in one preparation increased 

from 1584 x 10"^ for stage I to 2127 x 10"^ for stage II 

with approximately 19% recovery (data not shown). Kav of 

the lipase peak was approximately 0.67, the same as that 

of chymotrypsinogen (MW 25,000). Figure 7 shows the 

different elution profiles obtained when the incubation 

time of the culture was increased from 24 to 48 and 72 

hours. Lipase activity was eluted from the column with 

the void volume (161 ml) when the cultures were incubated 

for 72 hours. There was also an increase in material 

absorbing at 280 nm eluted with the void volume of these 

samples (Figure 9). It is, of course, possible that the 

new peak of activity represented an entirely different 
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enzyme. However, the elution volume of this activity 

indicated a very large molecular weight. This suggested 

the possibility of aggregation or some form of complex 

formed by the lipase. In addition, antiserum produced 

against the 25,000 molecular peak was able to neutralize 

the lipase activity of the high molecular weight peak 

(Table 5). 

The lipase-containing fractions from the 24-hour 

culture were pooled, concentrated, and subjected to PAGE 

on tube gels. When these gels were stained with 

Coomassie Blue and scanned with a densitometer, the 

profile showed one major protein band (Figure 13). When 

unstained gels were cut into sections and eluted, the 

section corresponding to the major band contained the 

majority of the lipase activity eluted from the gel 

(Figure 13). There was also a suggestion of a faint 

band corresponding with what appears to be a small amount 

of lipase activity well ahead of the major peak in the 

gel. 

Although the tube gels contained only one major 

band, suggesting that the lipase eluted from the column 

was relatively pure, native gels run as a slab present a 

different picture. These gels contain at least four 

readily visible and distinct bands and at least one 

fainter band as well. It is not known why this is so; 

both gels were prepared according to the Davis method 
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(11). It could be that resolution is improved by running 

the gel as a slab. The bands in the slab gels are much 

sharper than the wide, diffuse band in the tube gel. It 

is also possible that the slab gel, being thinner, is 

more effectively stained by Coomassie Blue. 

In any case, when the same preparation is 

subjected to SDS-PAGE, there is only one band (Figure 

17). The reasons for this are also unclear, but the 

phenomenon is repeatable. All the native slab gels we 

have run have contained multiple bands and all the SDS 

gels have contained one (MW approximately 30,000). When 

the native gels are cut up into 1 cm slices and eluted, 

the entire area containing the bands appears to have 

activity (Figure 16). (Attempts to elute activity from 

SDS gels were unsuccessful.) 

These results suggest the existence of isoforms of 

the lipase, which may be aggregated forms, forms of the 

enzyme which are substituted, or forms which are 

complexed with some other species such as a lipid or some 

other protein. It is, of course, possible that there are 

other bands in the SDS gel which did not stain well 

enough to be seen. Another explanation involves the SDS 

band itself which is rather faint and widely diffused. 

(Silver staining of both native and SDS gels was 

attempted and, although this method is very sensitive and 

will stain a variety of proteins as well as nucleic 
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acids, we found the results to be unsatisfactory.) 

Perhaps the multiple forms are represented in the SDS 

band, but are not well enough resolved to be seen. 

The molecular weight of the lipase was estimated by 

gel filtration to be 25,000 and by SDS-PAGE to be about 

30,000. Of these two methods, SDS-PAGE is considered to 

be the more accurate. 

Activity of stage II lipase on Tween-20 increased 

as pH was increased from 7.0 to 9.0. The greatest 

increase in activity occurred between pH 7.0 and 7.5, 

after which the increase became more gradual (Figure 10). 

The optimum pH for the activity of this enzyme appears to 

be well into the alkaline range, although the constraints 

of the Tween assay prevented measurement of activity 

above pH 9.0 or below pH 7.0. Above pH 9.0, a dense 

white turbidity forms when CaCl2 is added to the Tris 

buffer, interfering with the assay. In addition, pH 7.0 

is near the lower end of the buffering capacity of Tris 

(pK 8.2), and the reaction may be self-limited by the 

protonation of the fatty acid evolved. 

As reported in Table 1, P. cepacia 90ee gave a 

negative reaction for lecithinase when grown on egg yolk 

agar (30). Stage II preparation was tested on egg yolk 

agar and there was no discernible lecithinase activity. 

Although convention permits us to refer to this 

enzyme as a lipase, our experiments show that it may, in 
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fact, be an esterase. Practically speaking, lipases act 

on micellar or insoluble substrates at the interface. 

Esterases hydrolyze soluble substrates. The shape of the 

curve in Figure 11 indicates that the most effective 

hydrolysis of triacetin took place at soluble 

concentrations. 

Isoelectric focusing ^Figure 12) of the stage II 

lipase showed two components with distinctly different 

isoelectric points, one having a pi of 5.6, which is 

typical of many lipases, and the other migrating at the 

cathode at the same location as the standard, cytochrome 

c (pi > 9.6). The latter component may represent a 

contaminating protein in the purified preparation or the 

enzyme may consist of differently charged subunits which 

dissociate under the conditions of the purification 

procedure. It is also possible that the active enzyme is 

broken down by lEF and that the 9.6 band is a by-product. 

The production and some of the properties of P. 

cepacia lipase are reminiscent of a cutinase produced by 

another plant pathogen, Fusarium solani pisi (21). 

Cutins are wax-like substances covering the leaf 

surfaces of plants. F. solani produces a non-specific 

esterase which is most effective against short-chain 

fatty acids. When the culture medium is depleted of 

glucose, it produces a second cutinase, very similar to 

the first. Rabbit antibodies to the first cutinase 
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reacted with the second enzyme, but showed spurs of 

immunological non-identity (42). P. cepacia was 

initially isolated as a plant pathogen causing the 

bacterial rot of onion bulbs (7). Possibilities for 

natural substrate for the P. cepacia lipase were not 

investigated in this study, but it is easy to speculate. 

The scales of onion bulbs are really modified leaves and 

contain large amounts of cutin (42). 

Rabbit antiserum produced against purified stage II 

90ee lipase was able to neutralize the ability of culture 

supernatants of 90ee to hydrolyze Tween (Table 5). 

Lipase activity of ten other strains was neutralized as 

well. However, it should be noted that one of the 

limitations of the Tween assay, as well as the other 

commonly used assays for lipase activity, is its lack of 

specificity. We have presented evidence to suggest that, 

under certain culture conditions, there may be more than 

one form of Tween-hydrolyzing lipase produced by P. 

cepacia. All the strains used in this experiment were 

grown to approximately the same A540 (1.0). Some of the 

strains grew faster than others, therefore the 

incubation times were not the same for all cultures. 

The experiment utilized unpurified culture supernatants 

and the lipase activity measured was total lipase 

activity. It may be that some of the preparations 

contained some of the high molecular weight species found 
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in the 72-hour cultures of 90ee (Figure 7). Therefore, 

it is not possible to quantitatively compare 

neutralization by antiserum of the different P. cepacia 

strains in this experiment. However, the fact that all 

ten of the strains we examined produced lipase activity 

which was to some extent neutralized by antiserum to 90ee 

stage II lipase suggests that all strains of P. cepacia 

may produce a similar or immunologically-related enzyme. 

Biological Effects of Purified Lipase 

Colonization of CF patients by P. cepacia may be 

asymptomatic or may result in chronic respiratory 

disease such as that seen in patients infected by P. 

aeruginosa. However, some patients develop fulminant, 

necrotizing pneumonia which is progressive and rapidly 

fatal (20, 53, 54). There is often extensive necrosis 

and destruction of lung parenchyma, suggesting that some 

secreted toxin or enzyme is acting directly on pulmonary 

tissue. The purified lipase apparently had no cytotoxic 

effect on any of the tissue culture cell lines we 

examined. This is in concurrence with the findings of 

McKevitt and Woods, who reported that culture 

supernatants from P. cepacia were not toxic to any of the 

tissue culture cell lines they examined (30). In 

addition, no ill effects were noted in the mice 

intravenously injected with 30 ug of the purified lipase. 
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It was felt, however, that in order to more carefully 

evaluate the potential of the 90ee lipase as a virulence 

factor, it was necessary to examine its effects in 

mammalian lungs. 

When 100 ng of purified 90ee stage II lipase were 

placed in the lungs of rats, the pathological effects 

were dramatic (Figures 21 and 22, Appendix A). As soon 

as four hours post-exposure, there were notable changes. 

Polymorphonuclear (PMN) leukocytes accumulated in the 

area. The structure of the alveolar sac itself was 

disrupted. The pneumocytes were in disarray and the 

presence of red blood cells in the area indicated that 

the capillary bed surrounding the alveoli had also been 

affected. The alveolar spaces were filled with a 

tremendous proteinaceous exudate to the point of 

obliteration. This massive response does not appear to 

be merely a non-specific response to a foreign protein in 

the lungs, since the same amount of BSA did not produce 

any noticeable change (Figure 23, Appendix A). 

Under ordinary conditions, when P. cepacia reaches 

the lungs of healthy animals, it is almost immediately 

cleared by alveolar macrophages. Therefore, it is 

necessary to use some means to localize the organism in 

the lungs in experimental infections of laboratory 

animals. The model developed by Cash et al. accomplishes 

this goal (9). This model uses agar beads which have the 
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organism embedded in them. These beads are placed in the 

lungs and remain there, being too large to be taken up 

and cleared by the macrophages. This procedure was used 

to place P. cepacia 90ee in the lungs of healthy rats. 

The LD50 studies showed P. cepacia to be 

relatively avirulent when injected intraperitoneally 

into healthy mice. Even when embedded in agar beads and 

placed in the lungs of healthy rats, it resulted in only 

mild pneumonia. There are minimal pathological changes, 

manifested by some inter-stitial thickening, as shown in 

Figure 24 (Appendix A) . However, it should be kept in 

mind that the ability of CF patients to clear infecting 

organisms from the lungs is impaired, due primarily to 

copious amounts of mucous secreted by these patients. 

Furthermore, in such infections, the organism is not 

confined to agar beads, but is free to multiply in 

pulmonary secretions and establish chronic infections, 

similar to those caused by Pjj. aeruginosa (20, 53, 54). 

Straus et al. have recently shown that the ETC of 

P. cepacia, when placed in the lungs of rats, also 

resulted in pathological changes characterized by 

fibrous exudate and the presence of inflammatory cells 

(51). However, the ETC does not co-purify with the 

lipase. It is a very large molecule which is eluted from 

Sephadex G-200 at the void volume and there is no 

measurable lipase activity associated with the ETC. 

86 



Every strain of P. cepacia examined produced 

measurable exolipase in vitro. Immunofluorescent 

techniques were used in an attempt to discover whether 

the P. cepacia 90ee lipase was produced by the organism 

in vivo (Appendix A). Figure 25 shows the fluorescence 

which was seen when preparations of the stage II lipase 

in the lungs of rats were treated with antiserum prepared 

against stage II lipase and then probed with a 

fluorescein-labeled second antibody. Fluorescence was 

also seen when the organism itself was placed in the 

lungs in the chronic infection model and probed as 

described above (Figure 26). This indicates that 

something in the lipase preparation and something 

produced by the organism in vivo were binding to the 

antiserum. 

The antiserum used in these studies was made at a 

time when it was thought, based on early experiments, 

that the lipase was relatively pure. Western blot 

characterization of the antiserum, however, suggests that 

the serum may not have been monospecific and that the 

areas of fluorescence in Figures 25 and 26 may be due to 

some other species. 

When native gels were blotted and stained with 

Protein A-colloidal gold, much of the immunoreactive 

material reacted with an area of the gel shown to 

contain lipase activity (Figure 19). However, there 
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appear to be other reactive areas in the blot as well, 

namely the three bands with Rf values of 0.21, 0.25, and 

0.28, respectively, even though these bands do not show 

up on the gel. There is material in the blot of the SDS 

gel as well (Rf = 0.30), which does not show up as a band 

in the gel, but which is strongly immunoreactive (Figure 

20). 

It appears likely that the purified stage II 

lipase contained small amounts of immunogenic material, 

perhaps non-protein, which may have been at least partly 

responsible for the fluorescence seen in Figures 25 and 

26. In addition, it should be noted that antibody 

detects epitopes and not whole molecules. Therefore it 

cannot be stated conclusively, based on these 

experiments, that the 90ee lipase is produced in vivo. 

These results, however, do not rule out that possibility. 

The physiological role of the production of this 

enzyme by the organism is probably nutritional. It may 

hydrolyze triglycerides to provide free fatty acids for 

use as an energy source. The lipase is produced in both 

tryptose and defined medium. The fact that it is 

produced in the absence of any exogenously supplied 

substrate suggests that its production is constitutive. 

There may be modification of the enzyme after it is 

secreted. This modification could serve to amplify the 

activity of the enzyme without additional protein 
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synthesis. The molar concentration of lipolytic molecules 

would increase and the number of active sites might 

increase as well if cleavage of the precursor revealed 

additional hydrophobic regions which might function as 

active sites. Modification might also increase 

diversity, since it could result in a change of substrate 

specificity. Because the purpose of such enzymes 

probably is nutritional, this would increase the 

adaptability of the organism. 

Every strain examined in this study, both clinical 

and environmental isolates, produced lipase. It is 

possible that the exolipase produced by P. cepacia may 

contribute to the virulence of this organism in pulmonary 

infections, either by direct action on the lipid-rich 

pulmonary tissues or by initiating a powerful and 

destructive inflammatory response. Preparations which 

were greatly enriched for the lipase, when placed in the 

lungs of animals, resulted in a great deal of damage. 

This damage was consistent with what might be expected 

from the direct action of an enzyme on tissue. The 

response happened quickly; there was obvious disruption 

of cellular orientation and the deposition of large 

amounts of fibrin, presumably a result of cell injury. 

An alternative explanation could involve host 

response. The damage could also be due to the release of 

lysosomal contents as a result of some interaction of the 
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lipase and some part, perhaps the membranes, of the host 

cells. Most lipases are amphoteric molecules, that is; 

one end of the molecule is hydrophobic and the other end 

is hydrophilic. This allows the enzyme to act at the 

lipid-water interface. Other amphoteric molecules, such 

as the polyene antibiotics, may cause release of 

lysosomal contents by associating with the phospholipids 

of the bilayer, and disrupting the membrane (59). 

One characteristic of P. cepacia pulmonary 

infections in CF patients is the septicemia which often 

occurs (20). In contrast, P^ aeruginosa, the major 

pulmonary pathogen in CF patients, is never isolated from 

the blood. Clearly, P. cepacia possesses some invasive 

property that P^ aeruginosa does not. The apparent 

disruption of the capillary beds in the lungs of animals 

inoculated with purified stage II lipase suggests a 

possible invasion route. 

These studies provide important information 

concerning an area about which almost nothing is known; 

that is, the pathogenicity of P. cepacia. The organism 

produces a number of exoenzymes including protease, 

gelatinase, hemolysin and lipase (30,38). Lipolysis is 

an important key characteristic of the organism and any 

consideration of the exoenzymes of P. cepacia as 

potential virulence factors should certainly include the 

lipases. This study identified, purified and partially 
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characterized one such enzyme. The role of the lipase as 

a virulence factor is still not defined. All the 

clinical strains examined produced lipase, but so did the 

non-clinical strains. Purified lipase was not toxic to 

animals, even when injected intravenously, nor was it 

cytotoxic for any of the tissue culture cell lines we 

examined. However, when preparations of purified lipase 

were placed in the lungs of animals, there was a great 

inflammatory response which resulted in large amounts of 

tissue dconage. This is perhaps the strongest evidence 

for a role for this enzyme in chronic pulmonary 

infections such as those seen in CF patients. 

Other than the animal model, there is no direct 

evidence to show that this enzyme acts against 

substrates found in human tissues. However, as an 

esterase, it may be able to hydrolyze some of the ester 

bonds of the complement components, resulting in 

initiation or amplification of the complement cascade, 

resulting in tissue destruction. Further studies are 

necessary to investigate this and other possibilities 

defining the role of the lipases as well as that of other 

extracellular products of P. cepacia in virulence of 

human disease. 
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APPENDIX A 

IN VIVO STUDIES 
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Effects of 90ee Lipase in Rat Lungs 

This and the following In vivo experiments were 

performed at our request in the laboratory of our 

collaborator. Dr. Donald Woods of the University of 

Calgary Health Sciences Center, Calgary, Alberta, 

Canada. All lipase preparations and sera were prepared 

and supplied by us. The results of these experiments 

were sent to us in the form of photographs. Our 

interpretation and discussion of these results appears in 

the Discussion section of the main text. 

Six male Sprague-Dawley rats (200-220 g each) were 

tracheostomized under ether anesthesia, and 100 ng of 

sterile stage II lipase was placed in a distal bronchus 

in the left lobe with a bead-tipped needle. Six control 

rats were similarly inoculated with 100 ng of BSA. Four 

hours post-inoculation, the animals from each group were 

anesthetized and exsanguinated by cardiac puncture and 

the lungs aseptically removed and prepared for 

histological examination by fixing in 10% buffered 

formalin. After fixing, the material was embedded in 

paraffin, cut into 6 um sections and stained with 

hematoxylin and eosin. The sections from animals 

inoculated with BSA were stained with a reticulocyte 

stain which is commonly used to examine for alveolar 

septal loss. This stain is equal to hematoxylin and 

eosin for detecting histological changes. 
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Figure 21 shows the effects of 100 ng of purified 

stage II lipase from P.̂  cepacia 90ee on the lungs of a 

healthy rat. There is disruption of the alveolar 

structure to the point of obliteration and tremendous 

proteinaceous exudation into the alveolar spaces. 

Figure 22 is a higher magnification of Figure 21 

and it demonstrates the presence of a great many 

inflammatory cells. There are also red blood cells 

present, indicating that the capillary bed is also 

disrupted, and protein in the alveolar spaces, making 

delineation of the spaces virtually impossible. 

A reticulocyte stained section of a control animal 

inoculated with 100 ng of BSA is shown in Figure 22. No 

pathological changes were noted. 

Effects of Viable Pc90ee in Rat Lungs 

Rats were tracheostomized under anesthesia and 100 

ul of a suspension containing 10^ CFU of P^ cepacia 90ee, 

embedded in agar beads, was placed in the lungs using a 

bead-tipped needle as described above (9). Seven days 

post inoculation, the animals were sacrificed and the 

lungs removed for histological examination. 

A section of rat lung inoculated with P_j. cepacia 

gtrain 90ee embedded in agar beads shows mild 

bronchopneumonia (Figure 24). Minimal inflammatory 
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changes and some interstitial thickening were noted at 7 

days post-inoculation. 

Production of Lipase in Vivo 

In an attempt to determine whether the lipase was 

produced in vivo, 100 ul of a suspension of 90ee 

containing 10^ CFU embedded in agar beads was placed in 

the lungs as described above. After seven days the 

animals were exsanguinated by cardiac puncture under 

anesthesia. Frozen sections of lung tissue were cut with 

a cryostat into 6 um sections and stained for 

immunofluorescence by reacting with rabbit antiserum to 

the 90ee lipase and then probing with fluorescein 

isothiocyanate (FITC) conjugated goat anti-rabbit serum 

(Gibco Laboratories, Madison, WI). Normal rabbit serum 

and phosphate-buffered saline (PBS) were used as 

controls. 

Figure 25 shows the fluorescence that results when 

a solution containing 100 ng of purified stage II lipase 

is placed in rat lungs, and the sectioned lungs treated 

with specific rabbit anti-lipase antibody and then probed 

with FITC-conjugated goat anti-rabbit antibody. 

For Figure 26, the organism was placed in the rat 

lungs in agar beads as described and the lungs sectioned 

and treated as described for Figure 24. The 

fluorescence apparent in this figure contrasts with 
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Figure 27 which shows only non-specific background 

fluorescence associated with lungs from animals which 

were inoculated with 100 ng of BSA and treated as 

described above. 
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Table 6: Numerical Data for Linearity of Tween Assay 
as a Function of Time (Data for Figure 1) 

Time 
in 

minutes 

0 
5 
10 
15 
20 

25 
30 
35 
40 
45 

50 
55 
60 
65 
70 

75 
80 
85 
90 
95 

100 
105 
110 
115 
120 

Reagent 
Blank 
OD400 

0.03 
0.01 
0.01 
0.02 
0.015 

0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.02 
0.015 
0.01 

0.01 
0.015 
0.01 
0.01 
0.01 

0.01 
0.01 
0.02 
0.02 
0.02 

Enzyme 
Blank 
OD400 

0.04 
0.04 
0.04 
0.04 
0.035 

0.035 
0.035 
0.035 
0.035 
0.035 

0.035 
0.035 
0.035 
0.035 
0.035 

0.035 
0.035 
0.035 
0.03 
0.03 

0.03 
0.035 
0.035 
O.035 
0.035 

Scunple 
1 

OD400 

0.04 
0.04 
0.05 
0.06 
0.07 

0.075 
0.09 
0.095 
0.11 
0.013 

0.14 
0.175 
0.17 
0.18 
0.195 

0.20 
0.195 
0.21 
0.24 
0.24 

0.27 
0.27 
0.26 
0.30 
0.30 

Sample 
2 

OD400 

0.04 
0.05 
0.05 
0.065 
0.07 

0.08 
0.085 
0.125 
0.13 
0.135 

0.14 
0.15 
0.165 
0.18 
0.185 

0.20 
0.22 
0.23 
0.245 
0.26 

0.27 
0.275 
0.295 
0.305 
0.32 

Mean 

0.04 
0.05 
0.05 
0.075 
0.07 

0.08 
0.09 
0.11 
0.12 
0.13 

0.14 
0.16 
0.17 
0.18 
0.19 

0.20 
0.21 
0.22 
0.24 
0.25 

0.27 
0.27 
0.28 
0.30 
0.31 

SEM 

0.00 
0.005 
0.00 
0.005 
0.00 

0.003 
0.003 
0.015 
0.010 
0.003 

0.00 
0.02 
0.003 
0.00 
0.003 

0.00 
0.01 
0.01 
0.003 
0.01 

0.00 
0.003 
0.02 
0.003 
0.01 
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Table 7: Numerical Data for Linearity of the Tween 
Assay as a Function of Enzyme Concentration (Data for 
Figure 2) 

Sample 1 Sample 2 Mean SEM 
OD400 OD400 

Reagent 
blank 
Enzyme 
blank 

100 ul 

200 ul 

400 ul 

800 ul 

0.04 

0.04 

0.13 

0.15 

0.26 

0.40 

0.03 

0.04 

0.14 

0.17 

0.26 

0.42 

0.04 

0.04 

0.14 

0.16 

0.26 

0.41 

0.005 

0.00 

0.005 

0.01 

0.00 

0.01 

Table 8: Numerical Data for Lipase Activity of 
Pseudomonas cepacia 90ee as a Function of Enzyme 
Concentration (Data for Figure 3) 

lOOul 200ul 400ul 800ul 

( 1 ) 

(2) 

(mean) 

(SEM) 

0.60 

0.60 

0.60 

0.00 

0.90 

0.90 

0.90 

0.00 

1.30 

1.40 

1.35 

0.05 

2.10 

2.20 

2.15 

0.05 
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Table 9: Numerical Data for Standard Curve 
Generated by Clostridium perfringens Phospholipase C 
Type I Assayed on Nitrophenylphosphorylchdine (Data 
for Figure 4) 

ug/ml 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Sample 1 
OD405 

0.109 

0.360 

0.377 

0.432 

0.448 

0.457 

0.353 

0.505 

0.405 

0.588 

Sample 2 
OD405 

0.090 

0.302 

0.378 

0.451 

0.451 

0.486 

0.387 

0.485 

0.440 

0.536 

mean 

0.100 

0.331 

0.3775 

0.442 

0.4495 

0.4715 

0.370 

0.495 

0.4225 

0.562 

SEM 

0.0100 

0.0290 

0.0005 

0.0100 

0.0015 

0.0145 

0.0170 

0.0100 

0.0175 

0.0260 
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Table 10: Numerical Data for the Effect of Growth 
Phase on Lipase Activity Produced by Pseudomonas 
cepacia 

Hours 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

90ee (Data 

OD540 

0.15 

0.14 

0.18 

0.27 

0.48 

0.90 

1.30 

1.60 

2.20 

2.80 

2.70 

3.50 

3.80 

for Figure 5) 

1 

0.002 

0.001 

0.000 

0.012 

0.036 

0.036 

0.080 

0.147 

0.163 

0.225 

0.342 

0.375 

0.426 

OD4 

2 

0.002 

0.001 

0.000 

0.014 

0.035 

0.040 

0.089 

0.146 

0.180 

0.223 

0.368 

0.367 

0.408 

00 

mean 

0.002 

0.001 

0.000 

0.013 

0.0355 

0.038 

0.0845 

0.1465 

0.1715 

0.224 

0.355 

0.371 

0.417 

SEM 

0.0000 

0.0000 

0.0000 

0.0100 

0.0050 

0.0200 

0.0045 

0.0050 

0.0085 

0.0010 

0.0130 

0.0040 

0.0090 
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Table 11: Numerical Data for Correlation Between 
^^50 °^ Pseudomonas cepacia and Lipase Production in 
vitro (Data for Figure 6)^ 

Strain CFU x 10^ Lipase 10"^ units / ug 

48b 0.964 + 0.806 127.3 + 1.2 

90ee 9.54 + 0.27 640.0 + 0.3 

99bb 0.555 + 0.195 131.2 + 1.4 

155f 6.60 + 2.40 329.7 + 1.4 

224c 5.15 + 1.55 635.0 + 21.0 

710m 5.20 + 0.70 46.6 + 2.0 

K19-2 2.41 + 2.04 81.7 + 12.7 

K30-6 4.51 + 0.34 427.8 + 0.0 

R5231-2 3.07 + 2.25 304.7 + 8.0 

^Numbers represent the mean of duplicate samples + 
SEM. 
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Table 12: Numerical Data for Elution Profiles of 
Lipase Activity of Concentrated Supernatants from 
24, 48, and 72-hour Cultures of Pseudomonas cepacia 
90ee Eluted from a Sephadex G-200 Column (Data for 
Figure 7) 

Fraction number 

5 
10 
15 
20 
25 

30 
35 
40 
45 
50 

55 
60 
65 
70 
75 

80 
85 
90 
95 
100 

105 
110 
115 
120 
125 

130 
135 

OD400 (24) 

0.025 
0.025 
0.008 
0.015 
0.010 

0.035 
0.050 
0.029 
0.019 
0.018 

0.014 
0.070 
0.417 
0.938 
0.894 

0.437 
0.233 
0.264 
0.272 
0.232 

0.162 
0.166 
0.127 
0.062 
0.091 

0.082 
0.114 

OD400 (48) 

0.080 
0.050 
0.045 
0.026 
0.029 

0.039 
0.047 
0.029 
0.028 
0.024 

0.036 
0.056 
0.302 
0.867 
0.822 

0.457 
0.219 
0.180 
0.161 
0.131 

0.176 
0.142 
0.126 
0.064 
0.022 

0.032 
0.031 

OD400 (72) 

0.027 
0.033 
0.045 
0.050 
0.048 

0.040 
0.336 
0.177 
0.131 
0.091 

0.067 
0.079 
0.401 
0.862 
0.793 

0.577 
0.342 
0.197 
0.094 
0.085 

0.109 
0.086 
0.052 
0.037 
0.037 

0.018 
0.017 

109 



Table 13: Numerical Data for Elution Profile of 
Molecular Weight Standards Aldolase, (MW 158,000) 
and Chymotrypsinogen, (MW 25,000) from Sephadex 
G-200 Column (Data for Figure 8) 

Fraction OD400 

2 0.000 
4 0.000 
6 0.000 
8 0.000 
10 0.000 
12 0.000 

14 0.000 
16 0.000 
18 0.000 
20 0.000 
22 0.000 

24 0.000 
26 0.000 
28 0.000 
30 0.000 
32 0.000 

34 0.000 
36 0.000 
38 0.000 
40 0.000 
42 0.000 

44 0.001 
46 0.002 
48 0.003 
50 0.002 
52 0.002 

54 0.001 
56 0.001 
58 0.001 

60 0-001 
62 0.001 
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Table 13: (continued) 

64 
66 
68 
70 
72 

0.002 
0.004 
0.005 
0.006 
0.005 

74 
76 
78 
80 
82 

0.004 
0.003 
0.002 
0.002 
0.001 
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Table 14: Numerical Data for Elution Profiles of 
Material Absorbing at 280 nm in Concentrated Super
natants of 24, 48, and 72-hour Cultures of Pseudomonas 
cepacia 90ee Eluted From a Sephadex G-200 Gel Fil
tration Column (Data for Figure 9) 

OD400 

48 h 72 h 

0.007 0 .013 
0 .005 0 .012 
0 .005 0 . 0 1 1 
0 .005 0 .011 
0 .005 0 . 0 1 1 

0.007 0 .013 
0 .015 0 .055 
0 .005 0 .025 
0 .005 0 .020 
0 .005 0 .016 

0 .005 0 .016 
0 .005 0 .018 
0.007 0 .023 
0 .008 0 .026 
0.010 0 .027 

0.012 0 .030 
0.040 0 .045 
0.110 0 .046 
0.110 0 .070 
0.110 0 .110 

0.110 0 .110 
0.110 0 .110 
0.110 0 .110 
0.070 0 .095 
0 .035 0 .100 

0.020 0 .110 
0 .015 0 .110 

Fraction 

24 h 

5 
10 
15 
20 
25 

30 
35 
40 
45 
50 

55 
60 
65 
70 
75 

80 
85 
90 
95 
100 

105 
110 
115 
120 
125 

130 
135 

I 

0.001 
0.001 
0.001 
0.002 
0.004 

0.008 
0.010 
0.002 
0.001 
0.001 

0.001 
0.001 
0.001 
0.003 
0.002 

0.003 
0.004 
0.010 
0.016 
0.045 

0.060 
0.068 
0.073 
0.075 
0.075 

0.070 
0.035 
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Table 15: Numerical Data for Effects of pH on 
Lipase Activity of Pseudomonas cepacia 90ee (Data 
for Figure 10) 

pH 10"^ units / ug total protein 
(1) (2) mean SEM 

7.0 175.40 203.60 

7.5 327.60 320.40 

8.0 379.40 344.00 

8.5 396.70 377.90 

9.0 411.00 398.30 

189.50 

324.00 

361.70 

387.30 

404.65 

14.10 

3.60 

17.70 

9.40 

6.35 
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Table 16: Numerical Data for Activity of 90ee Lipase 
on Various Concentrations of Triacetin in an Aqueous 
Mixture (Data for Figure 11) 

% triacetin millimdes NaOH / 10 minutes 

0 0.4 

1 1.9 

2 2.1 

3 2.9 

4 3.3 

5 3.3 

6 3.5 

7 3.5 

8 3.6 

9 3.7 
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Table 17: Numerical Data for Lipase Activity Eluted 
From PAGE Gels of Stage II Lipase from 90ee Culture 
Supernatants (Data for Figure 13) 

Millimeters OD400 

5 0.0033 

10 0.0038 

15 0.0070 

20 0.0053 

25 0.0614 

30 0.2662 

35 0.2015 

40 0.1221 

45 0.0404 

50 0.0219 

55 0.0213 

60 0.0603 

65 0.0181 

70 0.0341 
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Table 18: Numerical Data for Elution Profiles of 
Lipase Activity from Native Polyacrylamide Gels 
of Stages I and II Lipase from 90ee (Data for 
Figure 16) 

Rf I II 

0.10 0.01 0.01 

0.20 0.01 0.01 

0.30 0.02 0.06 

0.40 0.05 0.10 

0.50 0.04 0.09 

0.60 0.02 0.02 

0.70 0.01 0.01 

0.80 0.01 0.01 

0.90 0.01 0.01 

1.00 0.00 0.01 
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Table 19: Numerical Data for Lipase Activity of Ten 
Clinical Isolates of Pseudomonas cepacia on Tweens 
-20, -40, -60, and -80 (Data for Table 1) 

Strain Tween-20 Tween-40 Tween-60 Tween-80 

Pc48b 
Pc48b 
mean 
SEM 

90ee 
90ee 
mean 
SEM 

99bb 
99bb 
mean 
SEM 

Pcl55f 
Pcl55f 
mean 
SEM 

Pc224c 
Pc224c 
mean 
SEM 

Pc710m 
Pc710m 
mean 
SEM 

K19-2 
K19-2 
mean 
SEM 

128.5 
126.1 
127.3 
1.2 

637.7 
642.2 
640.0 
0.3 

132.0 
130.3 
131.2 
0.9 

328.3 
331.0 
329.7 
1.4 

656.0 
614.0 
635.0 
21.0 

48.6 
44.6 
46.6 
2.0 

94.3 
69.0 
81.7 
12.7 

133.9 
122.4 
128.2 
5.8 

694.1 
606.7 
650.4 
43.7 

149.1 
135.9 
142.5 
6.6 

301.9 
292.3 
297.1 
4.8 

640.0 
640.0 
640.0 
0.0 

101.7 
83.4 
92.6 
9.2 

74.8 
55.7 
62.3 
9.6 

116.3 
117.6 
117.0 
0.7 

(lost) 
473.3 
• * * * 

• * * • 

132.0 
116.6 
124.3 
7.7 

281.3 
301.3 
291.3 
10.0 

438.0 
282.0 
360.0 
78.0 

89.7 
83.4 
86.6 
3.2 

65.2 
62.9 
64.1 
1.2 

102.4 
104.1 
103.3 
8.5 

436.3 
390.4 
413.4 
23.0 

101.1 
89.7 
95.4 
5.7 

236.8 
185.2 
211.0 
25.8 

438.0 
320.0 
379.0 
59.0 

66.7 
41.1 
53.9 
12.8 

62.4 
55.2 
58.8 
3.6 
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Table 19: (continued) 

Strain 

K56-2 
K56-2 
mean 
SEM 

K30-6 
K30-6 
mean 
SEM 

R5231-3 
R5231-3 
mean 
SEM 

Tween-20 

43.1 
40.0 
41.6 
1.6 

427.8 
427.8 
427.8 
0.0 

296.7 
312.7 
304.7 
8.0 

Tween-40 

0.0 
0.0 
0.0 
0.0 

413.0 
427.8 
420.4 
7.0 

308.6 
309.0 
308.8 
0.2 

Tween-60 

64.6 
55.4 
60.0 
4.6 

332.1 
342.6 
337.5 
5.5 

162.9 
185.3 
174.1 
11.2 

Tween-80 

30.8 
29.2 
30.0 
0.8 

264.3 
278.3 
271.3 
7.0 

130.2 
190.6 
160.4 
30.2 
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Table 20: Numerical Data for Lipase Activity of 
Pseudomonas cepacia on a Variety of Substrates 
Titrated with Sodium Hydroxide (Data for Table 2) 

Sconple Substrate mp. 

RT 
RT 
RT 

RT 
RT 
RT 

ul NaOH 
used/min 

1.33 (0.05 
6.00 (0.05 
0.00 (0.05 

0.00 (0.05 
0.00 (0.05 
0.00 (0.05 

nanomdes 
NaOH/min 

N) 
N) 
N) 

N) 
N) 
N) 

67 
300 
0 

0 
0 
0 

90ee 5% triacetin 
90ee 5% tripropionin 
90ee 5% tributyrin 

90ee 5% tricaproin 
90ee 5% tricaprylin 
90ee 5% olive oil 

90ee 10% Tween-20 

90ee 
(heated) Tween-20 
90ee 
(unheated) Tween-20 

mean 
SEM 

pancreatin olive oil 
69-14 5% triacetin 

90ee 5% triacetin 

mean 
SEM 

90ee 5% tripropionin 

mean 
SEM 

90ee 5% tributyrin 
90ee 5% tricaproin 
90ee 5% olive oil 

RT 0.33 (0.05 N) 

RT 0.00 (0.01 N) 

RT (1)2.30 (0.01 N) 
(2)2.50 (0.01 N) 

2.40 
0.10 

RT 34.00 (0.01 N) 
RT 1.33 (0.05 N) 

37^(1)29.80 (0.05 N) 
(2)32.70 (0.05 N) 

31.25 
1.45 

37^(1)16.10 (0.05 N) 
(2)22.33 (0.05 N) 

19.22 
3.11 

37° 
370 
370 

0.00 
0.00 
0.00 

17 

23 
25 

24 
1 

340 
67 

1490 
1637 
1564 
74 

807 
1117 
962 
155 

0 
0 
0 
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Table 21: Numerical Data for Effects of Boiling on 
Lipase Activity of Pseudomonas cepacia 90ee 

Boiling time OD400 Activity 

5 minutes 

10 minutes 

15 minutes 

30 minutes 

control 

(1) 
(2) 

(1) 
(2) 

(1) 
(2) 

(1) 
(2) 

(1) 
(2) 

0.363 
0.440 
mean 
SEM 

0.368 
0.378 
mean 
SEM 

0.287 
0.247 
mean 
SEM 

0.207 
0.210 
mean 
SEM 

1.175 
1.219 
mean 
SEM 

168.1 
203.7 
185.9 
17.8 

148.2 
175.2 
161.7 
13.5 

133.0 
114.4 
123.7 
9.3 

95.9 
97.4 
95.7 
1.1 

544.1 
564.4 
554.3 
10.2 
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Table 22: Numerical Data for LD50 Studies on Nine 
Strains of Pseudomonas cepacia (Data for Table 3) 

Strain CFU x 10^ 

Pc48b 

90ee 

99bb 

Pcl55f 

Pc224c 

Pc710m 

K19-2 

(1) 
(2) 

mean 
SEM 

(1) 
(2) 

mean 
SEM 

(1) 
(2) 

mean 
SEM 

(1) 
(2) 

mean 
SEM 

(1) 
(2) 

mean 
SEM 

(1) 
(2) 

mean 
SEM 

(1) 
(2) 

mean 
SEM 

0.158 
0.177 
0.167 
0.10 

9.27 
9.80 
9.54 
0.27 

0.360 
0.772 
0.555 
0.195 

4.20 
9.00 
6.60 
2.40 

2.60 
7.70 
5.15 
1.55 

5.90 
4.50 
5.20 
0.70 

0.379 
4.45 
2.41 
2.04 
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Table 22: (continued) 

Strain CFU x 10^ 

K30-6 

R5231-6 

( 1 ) 
(2) 

mean 
SEM 

(1) 
(2) 

mean 
SEM 

4.85 
4.17 
4.51 
3.34 

0.82 
5.30 
3.07 
2.25 
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Table 23: Numerical Data for Lipase Activity of 
Thirty-eight Strains of Pseudomonas cepacia on 
Tween-20 (Data for Table 4) 

Strain OD400 Units/ug protein 

K19-2 (1) 0.1807 
(2) 0.1591 
mean 
SEM 

1609.6 
1418.0 
1513.8 
96.8 

K30-6 (1) 0.0864 
(2) 0.0917 
mean 
SEM 

565.3 
599.9 
582.6 
17.3 

K33-1 

K41-6 

K43-3 

K45-1 

K53-2 

K56-2 

(1) 0.4432 
(2) 0.4507 
mean 
SEM 

(1) 0.2150 
(2) 0.2235 
mean 
SEM 

(1) 0.1172 
(2) 0.1198 
mean 
SEM 

(1) 0.1690 
(2) 0.1506 
mean 
SEM 

(1) 0.1521 
(2) 0.1532 
mean 
SEM 

(1) 0.0886 
(2) 0.0929 
mean 
SEM 

2649.9 
2694.8 
2667.4 
17.5 

822.0 
854.5 
838.3 
16.3 

244.0 
249.2 
246.6 
2.6 

894.4 
797.1 
845.8 
48.7 

871.3 
877.6 
874.5 
3.2 

535.5 
548.9 
536.2 
12.7 
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Table 23: (continued) 

Strain OD400 Units/ug protein 

H1729-2 (1) 0.1182 
(2) 0.1170 
mean 
SEM 

846.6 
838.0 
842.3 
4.3 

Pc224c (1) 0.0263 
(2) 0.0233 
mean 
SEM 

157.7 
139.7 
148.7 
9.0 

Pc710m 

99bb 

Pc445kk 

Pc554d 

Pc43-3 

48-36 

(1) 0.1165 
(2) 0.1204 
mean 
SEM 

(1) 0.1591 
(2) 0.2203 
mean 
SEM 

(1) 0.1039 
(2) 0.1231 
mean 
SEM 

(1) 0.1641 
(2) 0.1994 
mean 
SEM 

(1) 0.1046 
(2) 0.0992 
mean 
SEM 

(1) 0.5197 
(2) 0.5516 
mean 
SEM 

646.6 
667.7 
657.2 
10.6 

1021.6 
1414.8 
1218.2 
196.6 

720.2 
853.3 
786.6 
66.4 

1116.6 
1136.7 
1126.7 
10.1 

726.3 
688.9 
708.6 
17.7 

2093.8 
2223.2 
2158.5 
64.7 
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Table 23: (continued) 

Strain 

69-14 

553pk 

OD400 

(1) 0.5182 
(2) 0.5258 
mean 
SEM 

(1) 0.3440 
(2) 0.3092 
mean 
SEM 

Units/ug protein 

2051.6 
2081.3 
2066.5 
14.9 

2434.2 
2187.8 
2311.0 
123.2 

34930 (1) 0.5462 
(2) 0.5898 
mean 
SEM 

3181.9 
3435.3 
3308.6 
126.7 

34912 (1) 0.1609 
(2) 0.1339 
mean 
SEM 

1197.5 
996.4 
1097.0 
100.6 

527i (1) 0.5295 
(2) 0.4850 
mean 
SEM 

2538.5 
2325.6 
2432.1 
106.5 

Pc48b (1) 0.0986 
(2) 0.1665 
mean 
SEM 

304.5 
253.0 
278.8 
25.8 

535a (1) 0.0681 
(2) 0.0524 
mean 
SEM 

181.9 
140.0 
162.0 
22.0 

Pc61g (1) 0.5850 
(2) 0.5837 
mean 
SEM 

2781.7 
2775.6 
2778.7 

3.1 
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Table 23: (continued) 

Strain OD400 Units/ug protein 

706k 

Pc275 

22-12 

22-22 

704cc 

Pcl55f 

K63-2 

Pc715j 

(1) 0.3017 
(2) 0.2706 
mean 
SEM 

(1) 0.2157 
(2) 0.2201 
mean 
SEM 

(1) 0.2348 
(2) 0.2286 
mean 
SEM 

(1) 0.2743 
(2) 0.2807 
mean 
SEM 

(1) 0.5228 
(2) 0.5434 
mean 
SEM 

(1) 0.6089 
(2) 0.5583 
mean 
SEM 

(1) 0.4589 
(2) 0.5002 
mean 
SEM 

(1) 0.5989 
(2) 0.6059 
mean 
SEM 

607.3 
544.7 
576.0 
31.0 

311.8 
318.3 
315.1 
3.3 

429.2 
418.2 
423.7 
5.5 

413.8 
423.2 
418.5 
4.7 

2410.8 
2506.2 
2458.5 
47.7 

2059.5 
1888.0 
1973.8 
85.8 

1724.4 
1880.0 
1802.2 
77.8 

2233.9 
2260.8 
2247.4 
13.5 

126 



r 

Table 23: (continued) 

Strain OD4OO Units/ug protein 

R5231-3 (1) 0.3563 
(2) 0.2762 
mean 
SEM 

12544 (1) 0.5091 
(2) 0.5235 
mean 
SEM 

22-20 (1) 0.5896 
(2) 0.5916 
mean 
SEM 

Pc619i (1) 0.4648 
(2) 0.4664 
mean 
SEM 

90ee (1) 0.5443 
(2) 0.5426 
mean 
SEM 

K634 (1) 0.5505 
(2) 0.5513 
mean 
SEM 

625.3 
484."? 
555.C 
70.3 

1372. 
1410. 
1391. 

19. 

1786. 
1792. 
1789, 

3, 

1697, 
1702, 
1700, 

2, 

1580. 
1575, 
1578. 

2. 

2178. 
2180. 
2178. 

1. 

\ 
r 

1 
\ 

7 
7 
,7 
,0 

,4 
.7 
.6 
,2 

,3 
,8 
.1 
.8 

.1 

.8 

.0 

.1 

.4 

.2 

.4 

.8 
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Table 24: Numerical Data for the Ability of Immune 
Serum to Stage II Lipase from 90ee to Neutralize 
Lipase Activity in Culture Supernatants of 

Strain 

K43-3 

46-36 

Pc224c 

69-14 

PC61g 

527i 

39430 

31492 

(lost) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

OD400 (NRS) 

mean 
SEM 

mean 
SEM 

mean 
SEM 

mean 
SEM 

mean 
SEM 

mean 
SEM 

mean 
SEM 

-

0.2811 
0.3436 
0.2974 
0.0163 

0.2364 
0.2328 
0.2346 
0.2346 

0.2909 
0.2997 
0.2953 
0.0044 

0.2775 
0.2883 
0.2829 
0.0054 

0.2643 
0.2786 
0.2715 
0.0072 

0.2542 
0.2715 
0.2629 
0.0087 

0.2524 
0.2506 
0.2515 
0.0009 

OD400 (IRS) 

— 

0.1826 
0.2326 
0.2076 
0.0025 

0.2123 
0.2215 
0.2169 
0.0046 

0.1820 
0.2111 
0.1966 
0.0146 

0.2478 
0.2684 
0.2581 
0.0103 

0.2211 
0.2503 
0.2357 
0.0146 

0.2140 
0.2128 
0.2134 
0.0006 

0.2498 
0.2116 
0.2307 
0.0191 
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Table 24: 

Strain 

H1792-2 

710m 

90ee 

K43-3 

46-36 

PC224C 

69-14 

Pc61g 

(continued) 

(1) 

(1) 

(1) 

(2) 

(2) 

(2) 

(2) 

(2) 

OD400 (NRS) 

mean 
SEM 

mean 
SEM 

mean 
SEM 

mean 
SEM 

mean 
SEM 

mean 
SEM 

mean 
SEM 

mean 
SEM 

0.2671 
0.2933 
0.2802 
0.0131 

0.2631 
0.2658 
0.2645 
0.0014 

0.2725 
0.2864 
0.2795 
0.0070 

0.2072 
0.2124 
0.2098 
0.0026 

0.3756 
0.3805 
0.3781 
0.0025 

0.3028 
0.3050 
0.3039 
0.0011 

0.3468 
0.3408 
0.3438 
0.0030 

0.3835 
0.3897 
0.3876 
0.0041 

OD400 (IRS) 

0.2180 
0.2380 
0.2280 
0.0100 

0.1957 
0.2442 
0.2200 
0.0435 

0.2108 
0.2491 
0.2300 
0.0192 

0.1757 
0.1540 
0.1649 
0.0109 

0.2436 
0.2586 
0.2511 
0.0075 

0.2114 
0.2185 
0.2150 
0.0036 

0.2065 
0.2248 
0.2157 
0.0092 

0.3225 
0.3389 
0.3307 
0.0082 
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Table 24: 

Strain 

527i 

39430 

34192 

H1792-2 

710m 

90ee 

Pool 1 

Pool 2 

(continued) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(1) 

(1) 

OD400 (NRS) 

mean 
SEM 

mean 
SEM 

mean 
SEM 

mean 
SEM 

mean 
SEM 

mean 
SEM 

mean 
SEM 

mean 
SEM 

0.3604 
0.3721 
0.3663 
0.0059 

0.4150 
0.4213 
0.4182 
0.0032 

0.3163 
0.3157 
0.3160 
0.0003 

0.2745 
0.2791 
0.2768 
0.0023 

0.2880 
0.2876 
0.2878 
0.0002 

0.4112 
0.3802 
0.3957 
0.0155 

0.3942 
0.4884 
0.4413 
0.0471 

0.3429 
0.4243 
0.3836 
0.0407 

OD400 (IRS) 

0.2928 
0.2848 
0.2888 
0.0040 

0.3643 
0.3860 
0.3752 
0.0109 

0.2496 
0.2641 
0.2569 
0.0073 

0.2092 
0.2093 
0.2093 
0.0001 

0.2242 
0.2328 
0.2285 
0.0043 

0.3071 
0.3061 
0.3066 
0.0055 

0.0078 
0.0340 
0.0209 
0.0131 

0.1145 
0.1505 
0.1325 
0.0180 
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Table 24: (continued) 

Strain OD400 (NRS) OD400 (IRS) 

Pool 1 (2) 0.9055 0.5245 
0.9182 0.4368 

mean 0.9119 0.4807 
SEM 0.0064 0.0439 

Pool 2 (2) 1.0542 0.5635 
0.9878 0.4399 

mean 1.0210 0.5017 
SEM 0.0332 0.0618 
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