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Abstract 
Purpose: To identify and determine lipolytic and antimicrobial activities, and antibiotic susceptibility of 
bacterial isolates from soils in Phetchaburi Province, Thailand. 
Methods: Bacterial strains were isolated from surface soils by enrichment technique using lipolytic 
broth (LB) and then identified based on their phenotypic and genetic characteristics. The cell-free 
culture supernatant was determined for lipase activity by spectrophotometric assay. Disc diffusion assay 
was used to determine the crude ethyl acetate extract of the culture supernatant for antimicrobial activity 
and antibiotic susceptibility. The chemical profile of the crude ethyl acetate extract was analyzed by 
reverse-phase C-18 column high-performance liquid chromatography (HPLC). 
Results: On the basis of phenotypic properties and their 16S rRNA gene sequence analysis, five 
bacterial isolates, P1-2, P1-5, P1-6, P1-10 and P1-20 were identified as strains of Pseudomonas with 
sequence similarities (99.7 – 100 %). The extracellular lipase activity in LB supplemented with 1 % (v/v) 
of each of Tween 20, Tween 40, 60 or 80 as the substrate ranged from 11.61 ± 0.61 to 15.09 ± 0.42, 
11.79 ± 0.28 to 15.75 ± 0.47, 12.65 ± 0.01 to 14.59 ± 0.87 and 12.71 ± 0.25 to 13.96 ± 0.21 unit/mL, 
respectively. The crude ethyl acetate extract of isolates P1-5, P1-6 and P1-20 contained quinoline 
alkaloid compounds and exhibited antibacterial activity against Gram-positive Kocuria rhizophila ATCC 
9341 and Staphylococcus aureus strains ATCC 25923, ATCC 6358 and ATCC 25913, but not against 
Gram-negative Escherichia coli ATCC 25922. All the isolates were susceptible to cefepime, cefotaxime, 
ceftriaxone, ceftazidime, amikacin, gentamicin, imipeneum, meropeneum and levofloxacin. 
Conclusion: The isolates demonstrate high lipolytic activity while the crude extracts exhibit antibacterial 
activity against Gram-positive bacteria. Thus, this lipase is a potential enzyme for pharmaceutical 
applications.  
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INTRODUCTION 
 
Pseudomonas species are Gram-negative, 
aerobic, non-spore forming bacilli with one or 
more polar flagella. They are widely found in 
natural environments, especially in the soil and 
water [1]. Some Pseudomonas strains are 
opportunistic pathogens and resistant to different 
classes of antibiotics [2]. In general they show 
variable and increasing levels of antimicrobial 
resistance, an observation that has generated 
considerable health concern [3]. However, 
Pseudomonas strains have been studied in many 
fields of medicine, food technology, 
environmental microbiology and pathology. They 
are producers of extracellular enzymes, including 
lipases, proteases and amylases [4]. Lipases 
from P. aeruginosa strains have been widely 
studied, because they display activity on alkaline 
media, a characteristic needed for use in 
detergents [5-7]. 
 
Lipases (triacylglycerol acylhydrolases, EC 
3.1.1.3) are solvable enzymes that show the 
capability to hydrolyze triacylglycerols to liberate 
free fatty acids and glycerol [8]. They catalyze 
the separating of carboxyl ester bonds in tri-, di- 
and mono-acylglycerols and catalyze others 
reactions, including acidolysis, alcoholysis, 
esterification, hydrolysis and transesterification 
[9,10].  Moreover, lipases are valuable 
biocatalysts with potential application in many 
industries, such as the food, medicine, chemical, 
bioenergy, leather, paper and detergent [9,11]. In 
addition, twelve 4-hydroxyquinoline derivatives 
and three phenazine alkaloids have been 
isolated from P. aeruginosa BCC 76810 [12].  
 
The objective of this study was to determine the 
extracellular lipolytic activity, antimicrobial activity 
and antibiotic susceptibility of new Pseudomonas 
strains isolated from soils in Thailand. 
 
EXPERIMENTAL 
 
Isolation and identification of isolates  
 
Three surface soil samples (0 - 5 cm depth) were 
collected from palm fields in Phetchaburi 
Province, Thailand. Bacterial strains were 
isolated using 1 gram of the soil sample  
enriched in 9 mL lipolytic broth (LB) composed 
(w/v) of peptone 1%, CaCl2·2H2O 0.01%, yeast 
extract 0.3%  and Tween 20 1% (v/v) as 
substrate and incubated at 37 °C for 48 h. The 
suspension was then streaked on lipolytic agar 
(LA; LB plus agar 1.5% (w/v)) and incubated at 
37°C for 48 h. Colonies that showed an opaque 
zone on LA medium were selected and purified 

to single colonies on tryptic soy agar (TSA) for 
further study. 
 
The phenotypic characteristics of each strain, 
including morphological, cultural, physiological  
and biochemical characteristics, were 
determined via Gram staining, cell morphology, 
catalase, oxidase and nitrate reduction activity; 
methyl red-Voges Proskauer (MR-VP), indole, 
urease, triple sugar iron (TSI) agar and citrate 
utilization; hydrolysis of starch, aesculin, casein, 
gelatin and arginine and acid production from 
carbohydrates [13]. Growth in different salt 
concentrations (1 - 10% NaCl (w/v) in integer 
increments), pH values (4 – 10 in integer 
increments) and temperatures (20, 30, 37, 40, 45 
and 50 °C) was tested. Antibiotic susceptibility 
was examined by the disc diffusion assay [14] on 
Mueller-Hinton agar (Difco). 
 
The PCR amplification of 16S rRNA gene of 
lipase-producing bacteria was carried out using 
the primers 20F (5'-AGTTTGATCCTGGCTC-3') 
and 1530R (5'-AAGGAGGTGATCCAGCC-3') as 
reported previously [15]. The PCR products were 
direct sequenced commercially (Macrogen Inc, 
Seoul, Korea) using universal primers [15] and 
the obtained sequences were screened for 
similar homologues using BLASTn analysis via 
EzTaxon-e server (http://ezbiocloud.net/eztaxon) 
[16]. Sequences were aligned for comparison 
with sequences from close homologues and 
member of the genus Pseudomonas using the 
Bioedit software (Ibis Biosciences, Carlsbad, CA, 
USA). The phylogenetic tree, neighbor-joining 
(NJ) distance method [17], was built using the 
MEGA version 6 software [18]. The bootstrap 
resampling with 1000 replicates was used for 
evaluating the confidence values of nodes in the 
phylogenetic tree [19]. The 16S rRNA fragment 
sequences for isolates P1-2, P1-5, P1-6, P1-10 
and P1-20 have been deposited in GenBank with 
accession codes LC215417-LC215421, respect-
tively. 
 
Determination of lipase activity 
 
Isolates were screened for lipolytic activity on LA 
plates, except that where indicated the 1 % (v/v) 
substrate was changed from Tween 20 to each 
of Tween 40, Tween 60 or Tween 80 [13]. 
Isolates were first cultivated on TSA for 24 h and 
then suspended in 0.85% (w/v) normal saline 
solution (NSS). The cell suspension (5 µL) was 
dropped onto the surface of each LA plate and 
incubated at 37 °C for 48 h. The lipolytic activity 
of the isolates was detected by the appearance 
of an opaque zone around the colonies. Isolates 
that showed a lipolytic activity to the different 
substrates on LA plates were selected and 
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cultivated on TSA and suspended in 0.85 % NSS 
(2 × 108 CFU/mL) for seed culture as mentioned 
above. Thereafter, 1 % (v/v) seed culture of each 
strain was inoculated into 100 mL LB (1 % (v/v) 
Tween 20 as substrate) and incubated on a 
rotary shaker (200 rpm) at 37 °C for 48 h. The 
fermentation broth was collected, clarified by 
centrifugation at 10,000 rpm and 4 °C for 10 min, 
and the supernatant was harvested and 50 µL 
aliquots used as a crude enzyme preparation for 
the lipase activity assay. 
 
Extracellular lipase production was performed in 
lipase medium (LM; LA without the yeast extract 
with 1 % (v/v) substrate of one of Tween 20, 40, 
60 or 80, pH 8.0). The seed culture was prepared 
in NSS as above. Submerged microbial cultures 
were cultivated in 500-mL Erlenmeyer flasks 
containing 100 mL of LM on a rotary shaker (200 
rpm) at 37 °C for 24, 48 and 72 h. After 
incubation, the cells were precipitated by 
centrifugation as above, and the cell-free culture 
supernatant was used as the extracellular crude 
enzyme for the lipase activity assay. Lipase 
activity was determined using a modification of 
the spectrophotometric assay method of Arora 
[20], using ρ-nitrophenyl palmitate (ρ-NPP) as 
the substrate. The reaction mixture was 
composed of 50 μL of ρ-NPP substrate solution 
and 50 μL of the crude enzyme solution. The ρ-
NPP (30 mg of ρ-NPP in isopropyl alcohol) 
substrate solution was prepared in 0.1 M Tris-
HCl buffer, pH 8.0 with 2 % (v/v) Triton X and 0.1 
% (w/v) gum arabic. The reaction mixture was 
incubated at 37 °C for 30 min, and then stopped 
by the addition of 100 μL of 1 M NaHCO3. 
Subsequently, the extent of color change 
resulting from the reaction was measured by 
reading the absorbance at 410 nm as reported 
[20]. All lipase activity assays were performed at 
least in triplicate.One unit (U) was defined as the 
amount of enzyme that catalyzes p-NPP and 
releases 1 μmol of ρ-nitrophenol per minute 
under the test conditions. 
 
Fermentation, extraction, antimicrobial 
activity and chemical profile analysis 
 
The antimicrobial activity of the three selected 
isolates (P1-5, P1-6 and P1-10) was determined 
by cultivating in 150 mL nutrient broth (Difco) at 
37 °C for 4 days. The cultivation medium was 
partitioned with an equal volume of ethyl acetate, 
harvesting the ethyl acetate phase and repeating 
the process three times. The final ethyl acetate 
layer was collected and evaporated to dryness to 
yield the crude ethyl acetate extract of the 
supernatant (CEAESN). The antibacterial activity 
of the CEAESN was determined using the agar 
disc diffusion method, against the Gram-positive 

bacteria Kocuria rhizophila ATCC 9341, 
Staphylococcus aureus ATCC 25923, ATCC 
6538P and ATCC 25913, the Gram-negative 
Escherichia coli ATCC 25922 plus for antifungal 
activity the yeast, Candida albicans ATCC 
10231. The cell density of the test 
microorganisms was adjusted to match the 0.5 
McFarland turbidity standard. Each cell 
suspension of tested microorganism was 
swabbed onto the surface of a TSA plate or 
sabouraud dextrose agar for the bacteria and 
yeast, respectively. To prepare the test paper 
discs, the crude extract was dissolved in 
methanol. To each 6-mm paper disc, 20 µL of 
crude extract (10 mg/mL) was added, and the 
discs were air-dried. Paper discs treated with 20 
µL methanol were used as the negative control. 
The paper discs were placed on the surface of 
the agar media containing the test 
microorganisms and incubated at 30 °C for 48 h 
for yeast and 37 °C for 24 h for bacteria. The 
inhibition zones were then measured using 
Vernier calipers to the nearest mm. 
 
For the chemical profile analysis, the CEAESN 
was dissolved in methanol (10 µg/mL) and then 
analyzed by HPLC, with elution via a linear 
gradient (0 – 100 % (v/v) CH3CN in H2O) over 15 
min at a flow rate of 0.5 mL/min, using a C-18 
column (3 m), 2 × 55 mm 
(Purospher®STAR;Merck) [12]. The HPLC was 
performed on a Dionex-Ultimate 3000 series 
equipped with a binary pump, an autosampler 
and a diode array detector. The crude extract 
was compared with the database of BRUPC 
code and the chemical data were analyzed using 
the pattern of UV spectra and retention time (RT) 
of HPLC detection. In addition, the chemical data 
of the metabolites from the selected strains were 
compared with the reported metabolite profiles of 
Pseudomonas aeruginosa BCC 76810 [12]. 
 
Statistical analysis  
 
Data shown as mean ± standard deviation (SD, n 
= 3), and were analysed by one-way ANOVA and 
separated by Duncan’s multiple-range test using 
the SPSS 16.0 software (SPSS Inc., Chicago, IL, 
USA).  Statistical significance was assigned at p 
< 0.05. 
 
RESULTS 
 
Identified isolates 
 
The five new- soil-derived isolates screened in 
this study, P1-2, P1-5, P1-6, P1-10 and P1-20 
were Gram-negative, aerobic and rod-shaped 
bacteria. Their morphology, Gram-staining and 
physiological and biochemistry characteristics  
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Figure 1: Neighbor-joining tree based on 16S rRNA gene sequences showing the relationships among the five 
new isolates and related Pseudomonas species. The numbers on the branches indicate the percentage 
bootstrap values of 1000 replicates; with only values >50 being indicated. Bar, represents 0.01 substitutions per 
nucleotide position 
 
are described below. Isolates P1-10 and P1-20 
grew on 7 % NaCl (w/v) at 40 and 45 °C, 
respectively. They tested positive for catalase 
and oxidase activity, nitrate reduction, citrate 
utilization, and hydrolysis of arginine, casein and 
gelatin  but were negative for aesculin and starch 
hydrolysis, MR-VP, indole formation, urease and 
TSI activity as well as acid production from L-
arabinose, D-cellobiose, D-fructose, D-galactose, 
D-glucose, glycerol, myo-inositol, inulin, lactose, 
D-maltose, D-mannitol, D-mannose, D-melibiose, 
D-melezitose, methyl-α-D-glucopyranoside, D-
raffinose, L-rhamnose, D-ribose, D-sorbitol, 
sucrose, D-trehalose and D-xylose. In terms of 
antibiotic susceptibility, all the isolates were 
susceptible to cefepime, cefotaxime, ceftriaxone, 
ceftazidime, amikacin, gentamicin, imipeneum, 
meropeneum and levofloxacin. 
 
For molecular taxonomic unit (MOTU) 
identification, the nearly complete 16S rRNA 
gene sequences obtained from isolates P1-2 
(1372 bp), P1-5 (1357 bp), P1-6 (1320 bp), P1-
10 (1389 bp) and P1-20 (1343 bp) were used to 
constructed a NJ phylogenetic tree along with 
related Pseudomonas species (Figure 1). The 
Gram-negative Cellovibrio mixtus subsp. mixtus 
was used as the out group. All five isolates were 
placed in the same clade as the type strain of P. 
aeruginosa but separated from the other 
Pseudomonas species.  
 

Lipase activity 
 
After incubation in LB at 37 °C for 24, 48  and 72 
h, the five isolates, P1-2, P1-5, P1-6, P1-10 and 
P1-20 exhibited lipase activities (U/mL) with all 
substrates and the cultivated times, but for each 
substrate was maximal at 48-72 h except for 
isolate P1-2 with Tween 20 and isolate P1-5 with 
Tween 20 or Tween 40, where the lipase was not 
maximal until after 72 h (Figure 2). With respect 
to the substrate, each isolate exhibited broadly 
similar extracellular lipase activity after cultivated 
for 72 h on each of the substrate, except for P1-2 
that had a slightly higher lipase activity in Tween 
20 and Tween 40. However, the initial 
extracellular lipase activity (24 h) was typically 
lower in Tween 20 and the highest was in Tween 
60, and was especially low for isolate P1-20 in all 
substrates. The maximal extracellular lipase 
activity produced by the different isolates after 72 
h culture ranged from 11.79 ± 0.28 U/mL (P1-10 
in Tween 40) up to 15.75 ± 0.47 U/ml (P1-5 in 
Tween 40).  
 
Antimicrobial activity and chemical profile of 
crude extract 
 
The crude extract exhibited antibacterial activity 
against K. rhizophila ATCC 9341 and S. aureus 
ATCC 25923, ATCC 6358 and ATCC 25913, but 
not against E. coli  ATCC 25922 and C. albicans 
ATCC 10231 (Table 1). Analysis of the chemical 
profiles  (RT)  of the crude ethyl acetate extracts 
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Figure 2: Lipase activities (U/mL) of isolates P1-2, 
P1-5, P1-6, P1-10 and P1-20 in LB containing 1% 
(v/v) Tween 20, Tween 40, Tween 60 or Tween 80 as 
substrate at 37 °C for 24, 48 and 72 h 

of each of the three isolates, P1-5, P1-6 and P1-
20 using HPLC fractionation over a C-18 silica 
column and UV analysis of the eluate RT 
compared the database [BRUPC code and RT, 
493, 6.175; 472, 6.192; 506, 7.050; and 497, 
7.542, respectively], shown that the crude extract 
was identical to quinolone alkaloid compounds 
[12]. 
 
DISCUSSION 
 
PCR amplification and direct sequencing of the 
16S rRNA gene fragment from the isolates, P1-2 
(1372 bp), P1-5 (1357 bp), P1-6 (1320 bp), P1-
10 (1389 bp), and P1-20 (1343 bp), followed by 
sequence comparison and phylogenetic analysis 
revealed that all five new isolates were from the 
same molecular taxonomic unit and presented 
the same morphological, physiological and 
biochemical data as the member of the genus 
Pseudomonas. Therefore, there were identified 
as P. aeruginosa. These isolates were 
susceptible to cefepime, cefotaxime, ceftriaxone, 
ceftazidime, amikacin, gentamicin, imipeneum, 
meropeneum and levofloxacin as reported in P. 
aeruginosa strains [2, 1] and their susceptibility 
to amikacin and meropeneum was also the same 
as in P. aeruginosa isolated from patients [22]. 
These five isolates exhibited high extracellular 
lipase activity; a trait found in some other P. 
aeruginosa strains, where the lipases have been 
purified and characterized and found to active in 
organic solvents and suitable for a variety of 
applications, including reactions in water-
restricted medium and bioremediation of 
contaminations by organic solvents [23,24]. The 
CEAESN from three of the isolates, P1-5, P1-6 
and P1-20 were found to produce quinoline 
alkaloid compounds  that  showed  antimicrobial 
activity against Gram-positive bacteria, K. 
rhizophila and S. aureus, but not Gram-negative, 
E. coli the same activity of  pyocyanin produced 
by  P. aeruginosa strains  from surgical wound-
infections [25]. The quinoline series of 
compounds   have  previously   been  shown   to 
exhibit antimalarial activity against the K1 strain 
of Plasmodium falciparum, in vitro cytotoxicity 
against cancer (KB, MCF-7, NCI-H187) and non-
cancer (Vero) cells and antibacterial activity

 
   Table 1: Antimicrobial activities of the crude ethyl acetate extract of three P. aeruginosa isolates 
 

 
Isolate 
no. 

Inhibition zone (mm) 
K. 

rhizophila 
ATCC 9341 

S. aureus 
ATCC 
25923 

S. aureus 
ATCC 6538P 

S. aureus 
ATCC 25913 

E. coli 
ATCC 25922 

C. albicans 
ATCC 10231 

P1-5 24.5±0.7 20.5±1.0 24.8±1.0 20.5±0.7 - - 
P1-6 24.8±0.4 22.3 ±1.8 27.3±1.0 22.5± 0.7 - - 
P1-20 24.0 ± 0.4 21.4 ± 0.8 24.7±1.0 19.8±0.9 - - 

- = no inhibition zone. SD values were obtained from two independent determinations 
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against Bacillus cereus [12]. 
 
CONCLUSION 
 
The findings of the present study indicate that P. 
aeruginosa isolated from soils in Thailand 
possess lipolytic and antibacterial activities. 
These findings may be helpful in understanding 
the distribution of lipase-producing P. aeruginosa 
from soils other than clinical isolates. 
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