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ABSTRACT 

Pseudomonas aeruginosa EF2, ATCC 9027 and ATCC 19660 were grown 

in a continuous culture under Tween 80 (polyoxyethylene sorbitan mono oleate) 
limitation and optimum conditions (pH 6.5, 37°C at dilution rate of 0.05/h). 
Culture supernatants were carefully removed and stored at -20°C. To purify the 

lipases, the culture supernatant was reduced in volume to approximately 10 mL by 
an ultrafiltration unit. Excess salts were removed and extracellular lipase was 

purified. Biochemical characterization and SDS polyacrylamide gel electrophoresis 

suggested that lipase particles consisted of protein and carbohydrate-including 

lipopolysaccharide-with the major enzyme activity being lipase. Lipase activity 

was measured as the rate of standard olive oil (predominantly triolein) hydrolysis. 

Characterization of the purified extracellular lipases was then investigated by 
hydrolysis activity, interesterification reactions and effect on the chemotaxis and 

chemiluminescence reactions on human peripheral blood neutrophils and 

monocytes. It was shown that lipase from the EF2 strain was the most effective 

enzyme used and monocytes were much more sensitive to lipases than neutrophils. 
Since monocytes are one of the most important cells of the host defence system, 

lipase activity of Pseudomonas aeruginosa may contribute to the pathogenesis of 

infections caused by this Gram-negative bacterium. 
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INTRODUCTION 

Pseudomonas aeruginosa is one of the most 
important bacterial pathogens involved in nosocomial 
infections.1-3 Patients with hematological malignancies 
and immunocompromised individuals are very 
susceptible to infection by this Gram-negative 
bacterium.4,5 This opportunistic pathogen is capable of 
causing both chronic and acute infections. A prominent 

example is the chronic lung infection in cystic fibrosis 
(CF) which is regarded as the main cause of mortality in 
such patients. 
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However, this organism causes acute lung infections 
in other patients.6-10 Pseudomonas aeruginosa currently 
accounts for about 10% of all Gram-negative 
bacteremias, and the mortality rate associated with 
Pseudomonas aeruginosa bacteremia is higher than that 
associated with other Gram-negative bacteremias.5,11 
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Lipase Activity in P. aeruginosa 

Furthermore, because of the seriousness of 
pseudomonas infections and their innate resistance to 
many antimicrobial agents, there has been considerable 
interest in elucidating the pathogenesis of Pseudomonas 

aeruginosa infections.12 It has been shown that 
virulence of Pseudomonas aeruginosa is multifactorial. 
In fact, various extracellular products of this organism 
including enzymes and toxins contribute to this 
virulence.13-1S Although extracellular lipase 
(triacylglycerol acylhydrolase EC 3.1.1.3) has been 
detected in most clinical strains of Pseudomonas 

aeruginosa. the exact pathogenic role of this 
extracellular enzyme of Pseudomonas aeruginosa is not 
clear.16-18 Besides its clinical aspects, extracellular 
lipase of Pseudomonas aeruginosa is also of 
considerable attention in biotechnology as it 
specifically catalyses trans- and interesterification.l9-21 

This paper describes the characterization of 
extracellular lipase activity of three strains of 
Pseudomonas aeruginosa (EF2, ATCC 9027 and ATCC 
19660) isolated from human infections. We further 
studied the effect of the purified lipases of the above 
strains on chemotaxis and chemiluminescence functions 
of human neutrophils and monocytes in vitro. 

MATERIALS AND METHODS 

Cultivation of the organisms 
Three strains of Pseudomonas aeruginosa were 

isolated from nosocomial infections and identified as 
Pseudomonas aeruginosa EF2, ATCC 9027 and ATCC 
19660. These strains were grown in continuous culture 
in an eleven laboratory fermenter (LH Engineering, SOO 
series) at 37°C according to the method of Gilbert et 
al.22,23 

The medium contained Tween 80 (polyoxyethylene 
sorbitan monooleate) prepared by a vortex homogenizer 
as a 10% (VN) emulsion in distilled water, 14 gr/L; 
KN03, 2.S gIL; Na2HP04' I.S gIL; ferric citrate, 2S.0 
mg/L (acidified with 2 mL concentrated HCI/L); 
MgS04.7H20, 0.4 giL; CaCI2, 2S.0 mg/L; 
MnS04.7H20, S6.0 mg/L; ZnS04.7H20, 72.0 mg/L; 
CuS04.SH20, 62.S mg/L; CoCI2.6H20, 29.7 mg/L; 
NaMo04.2H20, 31.2 mg/L; KI, 20.7 mg/L; H3B04' 7.3 
mg/Land Agar I.S% (VN). 

The pH of the medium was maintained at 6.S by the 
automatic addition of O.S M-HCl or 2 M-KOH. The 
dissolved O2 was measured using an electrode and 
maintained at > 20% air supply. Foam was controlled 
by the periodic addition of silicone anti foam RD 
emulsion. The ferric citric was added at a flow rate of 
approximately 2.S mL/h. Temperature was controlled at 
3TC automatically. Dilution rate was controlled 
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Fig. 1. P. aeruginosa EF2 grown in continuous culture under 
Tween 80 and optimum conditions (pH 6.5, 3 7°C at 
dilution rate of 0.05/h). Culture samples were taken at 
regular intervals over a 9 h period and assayed for growth 
by measuring OD600• 
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Fig. 2. SDS-analysis of lipases from a culture supernatant of P. 
aeruginosa EF2, A TCC 9027 and A TCC 19660 grown 
under Tween 80 limitation. Proteins were stained with 
brilliant blue R250 as described in Methods. Tracks: 1, 
EF2; 2, ATCC 90 27; 3, ATCC 19660; S, M, standards; C, 
control. 

automatically and fixed at O.OS/h. Steady state growth 
conditions were deemed to have been achieved 
following the passage of at least six culture volumes. 

Determination of growth activity 
Culture samples were taken at regular intervals over 

a 9 h period and assayed for growth activity by  
determination of  the OD600 of each sample. At the 
maximum absorption, the culture supernatant was 
carefully removed by centrifugation at 10,000 g for 20 
min and using a Pasteur pipette. The supernatants were 
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stored at -20°C until required. 

Purification of the lipases 
To purify the lipases, the culture supernatants of 

each cultivation run were reduced in volume to 
approximately 10 mL by passage under nitrogen at 4 °C 
through an ultrafiltration unit (202 Amicon). Exces s  
salts were removed b y  passage through a desalting 
column (PD I0-Pharmacia). The concentrated and 
desalted supernatants were analyzed by SDS-PAGE, as 

described previously, 22,23 and those which contained 
pure lipase were pooled and stored at -20°C. 

Hydrolysis activity assays 

"Fig. 3. Hydrolysis activity of the extracellular lipases using 
different substrates. 

Lipase activity was assayed titrimetrically at 37°C 
and pH 9.0 with a standard olive oil emulsion a s  
substrate (Sigma). Lipase activity w a s  expressed a s  
lipase units (LV) where 1 LU was defined as the release 
of 1 �mol titratable fatty acid per min under the assay 
conditions used. The rate of fatty acid production due to 
the hydrolysis of olive oil (predominantly triolein) was 
measured from the rate at which a standard solution of 
NaOH (0.01 M NaOH) needed to be continuously added 
to the reaction mixture in order to maintain a constant 
pH. The reaction was carried out at pH 9.0 since 
preliminary experiments had indicated that this was the 
pH at which the fastest rate of hydrolysis was obtained 
and which also allowed the oleic acid produced by the 
reaction to be largely ionized. The NaOH (0.01 M 
NaOH) was made up from a standard Con vol solution 
and stored at 4°C in a stopped bottle to minimize 
absorption of carbon dioxide. 

• EF2 D ATCC9027 ATCC19660 
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comprising a Metrohm 655 dosimat, Metrohm 632 pH
meter, Metrohm 614 impulsomat, E 64.9 magnetic 
stirrer, Electronic x,y recorder Kikadenki and a 

C Number 

Fig. 4. Interesterification activity assayed by GC analysis as 
described in Methods. -0- AMF (0 h)-D- EF2. 

Table I. Effect of P. aeruginosa lipases (EF2, A TCC 9027 and A TCC 19660) on 
neutrophil and monocyte chemotaxis. 

Lipase Neutrophils Monocytes 

(8 LU/mL) Heated Nonheated Heated Nonheated 

EF2 99±1 66±3 99.5±O.5 1.5±1.5 
ATCC 9027 99±1 68±4 99.5±O.5 4.5±2.5 
ATCC 19660 99±1 66.5±4.5 99.5±O.5 3.5±1.5 

The cells were preincubated with various concentrations of lipaSes for 30 min and the 
neutrophil and monocyte responses to F-Met-Leu-Phe (lQ-6M) were determined. Results are 
given as percentages of control cells response preincubated with buffer (mean±SD of two 
experiments). The responses of control neutrophils and monocytes to F-Met-Leu-Phe were 
87±8 and 72±12 cells per field, respectively. Heat treatment of lipase was performed at 100°C 
for 10 min. 
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Fig. 5. Percentage of solid fat index after IS h 
interesterification reaction of lipase EF2 on AMF using 
NMR. -D- AMF (0 h)-o- EF2. 
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Fig. 6. Effect of the extracellular lipases on solid fat index of 
AMF after 8 h interesterification reaction using NMR. 
_AMF (0 h) 0 EF 2 • ATCC 9027 rn ATCC 1 966 0. 

Table II. Effect of P. aeruginosa Jipases (EF2, A TCC 9027 and ATCC 19660) on neutrophil 
and monocyte chemiluminescence. 

Lipase Neutrophils Monocytes 

(8 LUimL) Heated Nonheated Heated Nonheated 

EF2 lOO.5± 1.5 7 8± 4  99.5±O.5 O±O 
ATCC 9027 lOO.5± 1.5 7 9.5±6.5 99.5±O .5 1.5±O .5 
ATCC 1 9660 lOO . 5± 1.5 7 9.5± 8 99 .5±O.5 1. 0± 1. 0  

The cells were preincubated with various concentrations of lipases and then stimulated with 
F -Met-Leu-Phe (lO-SM). Results are given as percentages of control cells response preincubated 
with buffer. The responses of control neutrophils and monocytes were 86-91xH)3 and 7 2-7 8x103 
cpm per cells, respectively. 

thermostat water bath. 5 mL of the substrate (standard 
olive oil from Sigma or standard Anhydrous Milk fat 
from FRJ) was added to 95 mL of NaCI solution (0.89% 
W IV) and homogenized by a vortex homogenizer for 5 
min while 0.76 gr of meyhall 30 was gently added to 
the mixture. 10 mL of this emulsion was stirred in a 
vessel and its temperature was held constant at 37°C. 
Then 9.98 mL of NaCI solution (0.89% WIV), 0.1 mL 
CaCl2 (0.05 M) and 0.1 mL bile solution (0.1% WIV) 
was added to the emulsion gently while stirring and the 
pH was held constant at 9.0 (Na+ and Ca2+ are fatty acid 
acceptors and suppress interfacial chru:ge effects). 
Finally the reaction was started by adding 0.05 mL of 
the lipase to the above emulsion while the pH and 
temperature conditions were held constant. Automatic 
titration was allowed to continue for at least 5 min. 
During the reaction, the addition of 0.01 M NaOH to 
neutralize the fatty acid released by hydrolysis was 
recorded by the x,y-recorder and the hydrolysis activity 
of the lipase was calculated from the slope of the 
recorded line and the amount of lipase used by the 
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following equation:24 

where Ah = hydrolysis activity of the lipase (J..tmol/ mL / 
min), t<)H= concentration of NaOH solution (M), S= 
slope of the recorded line (mL/min), and ME=amount of 
the lipase added (mL). 

The above experiments were perfonned by standard 
olive oil and AMP as different substrates independently 
and in duplicate manner. 

Interesterification activity assays 
Tile interesterification activity of the lipase was 

carried out in a batch system according to a method 
from NoVo NS (1986).25 50 mL of olive oil (Sigma) 
was poured into a 200 mL flask and 1 % (V IV) distilled 
water was added. This mixture was shaken vigorously 
and 10 rnL was taken into another 50 mL flask, then N2 
gas was flushed into the flask for a few minutes and 
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Fig. 7. Effect of the extracellular lipases at concentrations of 

8 LU/mL on chemotaxis of neutrophils and monocytes 
towards F -Met-Leu-Phe . •  Heated �EF2 DATCC 9027 
iIIIATCC 1 9660. 

finally 0.1 mL of the lipase was added to the mixture 
and the flask was incubated in a shaker at 0.9 rpm and 
37°C for 8 hours. This procedure was also performed on 
AMP as another substrate. Appropriate controls were 
included in each experiment. The assays were 
performed in duplicates. 

Determination of free fatty acids 
The determination of free fatty acids of each 

reaction mixture was done according to the Australian 
Standard Method for determination of free fatty acids 
(AS 2300.8.4.). 

5 gr of the sample was mixed with 50 mL of 95% 
ethanol into a 250 mL Erlenmeyer flask. After adding a 
few drops of phenolphthalein solution, the mixture was 
heated gently on a hot plate until the fat was dissolved 
in the solvent or until the mixture boiled. This solution 
was titrated immediately with 0.01 N NaOH until a 
faint pink color persisted for half a minute. For each 
series of the test 2 or 3 blanks (titration of the ethanol 
without sample) was done. Each experiment was 
performed in duplicates. The percentage of free fatty 
acids was calculated by the following formula: 

% FFA 
0.282 x (titer blank) 

mass of the sample 

GC analysis 
The samples were analyzed on a gas chromatograph 

(Variant 3400 with FID detector). The samples were 
diluted to a solution of 5% in chloroform. 1 mL of this 
solution was injected to the gas chromatograph. The GC 
conditions were: 

Instrument: Variant 3400 GC with Variant 8100 
Autosampler 
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Fig. 8. Effect of the extracellular lipases at concentration of 
8 LU/mL on chemotaxis of neutrophils and monocytes as 
described in Methods. _Heated ffiEF 2 DATCC 9027 
IIATCC 19660. 

Integration System: Variant GC star (Version A2) 
Column: SGE 12 M Polyamide coated fused silica 

capillary column (12QC3/HT5 0.1) Ld. 0.33 mm HT5-
siloxane courborane copolymer 

Detector: FISD 400°C 
Carrier gas: Helium 4.2 mL/min 
Sample: 1.0 J..l.L injection 

Determination of solid fat index 

The determination of solid fat index of the sample 
was done by a nuclear magnetic resonance spectrometer 
(NMR). The samples were heated in the NMR-tubes for 
30 minutes at 60°C and then put in ice for 90 minutes. 
After calibration of the NMR spectrometer, reading of 
the samples at different temperatures of the incubator 
was done in steps of 5°C and the tubes were tempered 
for 30 minutes before the readings were taken. 

Neutrophils and monocytes 

Neutrophils and monocytes from peripheral blood of 
healthy individuals were purchased from CSIRO
Australia. The purity of the cells was about 99%. The 
cells were suspended in appropriate buffers and media. 

Chemotaxis assays 

A chemotaxis chamber with a cellulose filter with 3 
�m pore size (Sigma) for neutrophils and 5 �m pore 
size for monocytes was filled with 0.5 mL of the 
chemotactic peptide (F-Met-Leu-Phe 10-6 M) at a 
dilution of 1 :20. The upper compartment of the 
chambers contained 0.5 mL of either neutrophil (106/ 
mL) or monocyte suspension (0.5x106 /mL). The cells 
have been preincubated with various concentrations of 
the lipases for 30 min at 37°C. The chambers were 
in�ubated at 37°C for 150 min for neutrophils and 90 
mm for monocytes. After incubation the fllters were 
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removed, fixed on glass slides, stained with 
hematoxylin and mounted. The cells that had migrated 
through the filter to the other side were counted by 
direct microscopy in five random fields for neutrophils 
and 10 fields for monocytes on each filter. The assays 
were performed in duplicates. Appropriate controls 
were included in each experiment. Inactivation of the 
lipases were performed at 100°C for 10 min. 

Chemiluminescence assays 
A given volume of either neutrophil or monocyte 

suspension was preincubated with an equal volume of 
various concentrations of the lipases at 37°C for 60 
min. Mter preincubation, the cells were stimulated with 
chemotactic peptide (F-Met-Leu- Phe 10-5 M) in 
scintillation glass vials. The reaction mixture contained 
1 mL of (5x105 jmL) preincubated neutrophils or 1 mL 
of (2.5x105jmL) preincubated monocytes, 0.5 mL of 
chemotactic peptide (F-Met-Leu-Phe IG-5M), 50 J..lL of 
luminol (5-amino-2-3dihydro- l ,4 phthalazinedione 
5x lG-6 M) and 4.1 mL of Krebs Ringer solution. Thus 
the assay was performed in a total volume of 5.5 mL at 
ambient temperature in glass scintillation vials. A 
Beckman L 8000 scintillation counter placed under air
conditioned thermostat-controlled 21±1°C conditions 
was used. Reagents and vials were dark adapted before 
use, and the experiments were performed in duplicates 
under red light. Sequential 0.5 min counts were taken 
on each vial over a period of 90 min. Appropriate 
controls were included in each experiment. 

RESULTS 

Cultivation an� purification 
Pseudo.nones aeruginosa EF2, ATCC 9027 and 

ATCC 19660 from various clinical samples were 
screened and grown in continuous culture under Tween 
80 limitation and optimum conditions (PH 6.5, 37°C at 
dilution rate of 0.05/h). Culture samples were taken at 
regular intervals over an 8 h period and assayed for 
growth by measuring 00600 as described in Methods. 

Maximum growth for EF2, ATCC 9027 and ATCC 
19660 strains occurred at 6.5, 7.5 and 7.0 h, 
respectively (Fig. 1). To purify the extracellular lipases, 
the culture supernatant from the maximum growth time 
was reduced in volume by ultrafiltration unit and SDS
PAGE was carried out as described in Methods. Results 
showed that the enzymes were approximately 99.0% 
pure with an Mr of approximately 29000 (Fig. 2). 

Hydrolysis activities 
Hydrolysis activity of the extracellular lipases was 

carried out using an automatic titrator and different 
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substrate (standard olive oil or standard AMP) as 
described in Methods. Generally, results showed that 
the hydrolysis activity of the extracellular lipases EF2, 
ATCC 9027 and ATCC 19660 had higher activity on 
standard olive oil than AMF (Fig. 3). Also, extracellular 
lipase of EF2, ATCC 19660 and ATCC 9027 showed 
higher hydrolysis activity respectively (Fig. 3). 

Interesterification activities 
Interesterification activity of the extracellular lipases 

was assayed and followed by GC analysis. R esults 
indicated that i n  standard olive oil after 8 h 
interesterification as described previously, t otal 
percentage of carbon numbers 50, 52 and 54 declined. 
Similar reactions using. standard AMF as substrate 
showed that the total percentage of carbon numbers 36, 
38 and 40 declined while the total percentage of carbon 
numbers 46, 48 and 50 increased (Fig. 4). 

Determination of free fatty acids did not show any 
considerable variations in percentage of total free fatty 
acids in the samples before and after 8 h of 
interesterification reaction. Furthermore, the 
determination of solid fat index using the NMR 
spectrometer showed that the percentage of solid fat 
index in AMF declined after 8 h of interesterification 
(Fig. 5) These data indicate that interesterification had 
occurred as a result of ester exchange reactions. 
Apparently, the extracellular lipase of EF2 was more 
effective in declining the solid fat index in AMF than 
the lipase of the two other strains used (Fig. 6). 

Effect on neutrophil and monocyte chemotaxis 
Human peripheral blood neutrophils and monocytes 

were preincubated with various concentrations of the 
purified lipases for 30 min and then chemotaxis 
function of the cells was assayed as described in 
Methods. Results are shown in Table I. Generally, heat 
treatment of lipases at 100°C for 10 min almost 
abolished the inhibitory effect on neutrophil and 
monocyte chemotaxis, while lipases at concentrations 
of 16 LUjmL inhibited neutrophil and monocyte 
chemotaxis to F-Met-Leu-Phe by approximately 50 and 
100%, respectively. Also, the lipases at concentrations 
of 8 LUjmL inhibited the chemotaxis of neutrophils and 
monocytes towards F-Met-Leu-Phe by approximately 
30 and 100%, respectively (Fig. 7). 

The results showed that the inhibitory effect of the 
extracellular lipase from the EF2 strain was higher than 
the two other strains used. Also, monocytes were more 
sensitive to the lipases than neutrophils. 

Effect on neutrophil and monocyte 
chemiluminescence 

According to described Methods, human peripheral 
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blood neutrophils and monocytes were preincubated 
with various cbncentrations of the purified lipases for 
60 min. Results were calculated as percentage of 
control cells response (preincubated with buffer) and 
are shown in Table II. The lipases at concentrations of 8 
LU/mL inhibited neutrophil and monocyte 
chemiluminescence responses by approximately 22 and 
100%, respectively (Fig. 8). Preincubation of the cells 
with heat treated lipases ( lOO°C, 10 min) almost had no 
inhibitory effect on neutrophil and monocyte 
chemiluminescence responses. Also, preincubation of 
neutrophils with the lipases at concentrations of 4, 2 
and 1 LU/mL resulted in approximately 12, 5 and 4%, 
respectively, while preincubation of monocytes with the 
same concentrations resulted in 95, 48 and 32%, 
respectively, of the chemiluminescence response of 
control cells (preincubated with buffer). The results 
showed that monocyte chemiluminescence response is 
considerably more sensitive to the lipases than the same 
response of the neutrophils (Fig. 8). 

DISCUSSION 

Three strains of Pseudomonas aeruginosa were 
isolated from nosocomial infections and identified as 
Pseudomonas aeruginosa EF2, ATCC 9027 and ATCC 
19660. According to the method of Gilbert et al. 
(1991)22,23 Pseudomonas aeruginosa EF2, ATCC 9027 
and ATCC 19660 were grown in a continuous culture 
under Tween 80 and optimum conditions (pH 6.5, 37°C 
at dilution rate of 0.05/h). Extracellular lipases from 
culture supernatants at maximum growth rate were 
purified. These results showed that maximum lipase 
activity had probably occurred in the late logarithmic 
growth phase which is in accord with previous 
works.22,23,26 SDS-PAGE of the purified lipases 
revealed an active extracellular enzyme of 
approximately Mr 29000, and apparently there was no 
difference between the lipases of the three strains.27 

Hydrolysis activity on different substrates (standard 
olive oil and AMP) showed that the kind of substrate is 
effective in the rate of this activity. Apparently the kind 
of lipase used was effective in the rate of the reaction 
too. These properties, including the molecular weight 
(29K) and the ability to hydrolyze trioleoylglyceral, 
clearly distinguished the purified enzymes as true 
lipases from both phospholipase C and esterase.26 

Interesterification reactions using purified lipases 
revealed variations in carbon numbers of the substrates 
which is related to ester exchanges in the molecules. 
This conclusion was confirmed by the results of GC 
analysis of free fatty acids and solid fat index of the 
substrates before and after interesterification reactions. 
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The decline of solid fat content of the samples after 
interesterification and no change of free fatty acids of 
the same samples showed that there should be a n  
exchange i n  the fat content from saturated t o  
unsaturated. Thus li pases are suitable enzymes 
promoting interesterification reaction s  which have 
several advantages over the nonenzymatic methods, 
including selective and positional' specific fatty acid 
exchange and milder reaction conditions. 

The data on the effect of purified lipases on human 
neutrophil and monocyte chemotaxis and 
chemiluminescence functions demonstrated that the 
lipases exhibited a more profound inhibitory effect on 
monocytes than on neutrophils. Lipases a t  
concentrations of 8 LU/mL inhibited monocyte 
chemotaxis and chemiluminescence functions 
completely, while this concentration of the same lipases 
had almost less than 1/3 of the above effect on 
neutrophils. 

On the other hand, lipases at lower concentrations (1 

and 2 LU/mL) had almost no effect on neutrophil 
functions. The results showed that monocytes are much 
more sensitive to lipases than neutrophils. It is not clear 
why lipase is significantly effective on monocytes. One 
possibility could be that the affinity of lipase binding to 
monocytes is higher than that of neutrophils. It is 
known that bacterial products interacting with 
membrane lipid components exert quite different effects 
on human neutrophils and monocytes.28,29 However, _ 

further studies are required to clarify the mechanisms 
involved in the differential effects of the lipases on 
neutrophils and monocytes.30,32 

It has been shown that most clinical isolates of 
Pseudomonas aeruginosa produce lipase. However, the 
role of lipase in the pathogenesis of Pseudomonas 

aeruginosa infection is not known.16-18 Perhaps the 
inhibitory role of extracellular lipase on the functions of 
monocytes (macrophages), a significant cell of the host 
defence system, may contribute to the pathogenesis of 
infections caused by Pseudomonas aeruginosa. 
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