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Antibacterial compound produced by Pseudomonas aeruginosa strain 
UICC B-40, an endophytic bacterium isolated from Neesia altissima

This study’s aim was to determine the identity of antibacte-
rial compounds produced by Pseudomonas aeruginosa strain 
UICC B-40 and describe the antibacterial compounds’ me-
chanisms of action for damaging pathogenic bacteria cells. 
Isolation and identification of the compounds were carried 
out using thin layer chromatography (TLC), nuclear mag-
netic resonance (NMR) spectroscopy and liquid chromato-
graphy mass spectrometry (LC-MS) analyses. Antibacterial 
activity was assayed via minimum inhibitory concentration 
(MIC) and the antibacterial compound mechanism was ob-
served morphologically through scanning electron micros-
copy (SEM). This study successfully identified the (2E,5E)- 
phenyltetradeca-2,5-dienoate antibacterial compound (mole-
cular weight 300 g/mol), composed of a phenolic ester, fatty 
acid and long chain of aliphatic group structures. MIC values 
for this compound were determined at 62.5 μg/ml against 
Staphylococcus aureus strain ATCC 25923. The mechanism 
of the compound involved breaking down the bacterial cell 
walls through the lysis process. The (2E,5E)-phenyltetradeca- 
2,5-dienoate compound exhibited inhibitory activity on the 
growth of Gram-positive bacteria.

Keywords: antibacterial, bioactive, endophytic bacteria, Neesia 
altissima, Pseudomonas aeruginosa strain UICC B-40

Introduction

Diarrhea is still a very relevant problem in Indonesia, espe-
cially in the Eastern region. A morbidity survey carried out 
by Ministry of Health of the Republic of Indonesia during 

the period of 2000-2010 showed that diarrhea was on the 
rise. In 2000, there were approximately 301/1000 (cases/ 
people) instances of diarrhea, in 2003 roughly 374/1000, in 
2006 nearly 423/1000, and in 2010 there was approximately 
411/1000. The causal factor for diarrhea is mainly related to 
water sanitation. Many drinking water resources are conta-
minated by diarrhea-causing bacteria, such as Bacillus spp., 
Escherichia coli, Salmonella spp., Shigella spp., and Staphy-
lococcus aureus. Various strains of S. aureus are currently 
resistant to all antibiotics except vancomycin (Hakim et al., 
2007). However, emergence of S. aureus forms lacking sen-
sitivity to vancomycin are steadily increasing, and diarrhea 
has thus moved one step closer to becoming an unstoppable 
epidemic. The problem of bacterial resistance has resulted 
in increased morbidity, mortality, and healthcare costs. This 
situation is therefore driving much research into the disco-
very of new antibiotics and novel bioactive compounds to 
combat multi- drug-resistant microbes (Berdy, 2005) such 
as Mycobacterium tuberculosis (Rattan et al., 1998), Staphy-
lococcus spp. (Waters et al., 2011), and Streptococcus spp. 
(Van Bambeke et al., 2007).
  Development of pathogen resistance against existing me-
dicines and appearance of new diseases has compelled the 
search for novel secondary metabolites from a variety of sour-
ces, including endophytes (Strobel and Daisy, 2003; Berdy, 
2005). Endophytic bacteria have been known as the origin 
of a plethora of bioactive antimicrobial metabolites that in-
habit unique niches, i.e., various plants from different eco-
systems worldwide (Nimnoi and Pongslip, 2009). A number 
of bacterial endophytes are members of common soil bac-
terial genera, like Bacillus, Burkholderia, and Pseudomonas 
(Lodewyckx et al., 2002). These genera are well-known for 
their diverse range of secondary metabolic products, inclu-
ding antibiotics, anticancer compounds, volatile organic com-
pounds, antifungal compounds, antiviral compounds, insec-
ticidal compounds, and immunosuppressant compounds. 
Among the endophytic bacteria, members of Pseudomonas 
have been studied for their capability of producing various 
antimicrobial metabolites (El-Shouny et al., 2011; El-Deeb et 
al., 2013; Menpara and Chanda, 2013; Matthijs et al., 2014).
  Pseudomonas is ubiquitous in soil and water ecosystems 
because they comprise various species capable of utilizing a 
wide range of organic and inorganic compounds and live un-
der diverse environmental conditions (Palleroni, 1992). Mem-
bers of Pseudomonas also exist in other types of associations 
with plants, with no apparent disturbance or benefit to the 
plant (Lodewyckx et al., 2002). On the other hand, certain 
species affect plant growth through their inhibition of fun-
gal plant pathogens or by their effects on the plant roots and 
other plant parts. Our previous study found that three spe-
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cies of Pseudomonas isolated from N. altissima Bl. (Bl.), viz, 
P. aeruginosa strain UICC B-40, P. aeruginosa strain UICC 
B-93, and P. azotoformans strain UICC B-91, exhibited an-
tibacterial activities against B. cereus, E. coli, S. typhimurium, 
S. flexneri, and S. aureus (Pratiwi et al., 2016). Amongst them, 
a metabolic product from P. aeruginosa strain UICC B-40 
was found to potentially suppress the growth of those five 
pathogenic bacteria.
  The discovery of novel bioactive compounds generally in-
volves three major steps. An antimicrobial assay of a crude 
extract from the culture fermentation against various mic-
robial pathogens is the first step, followed by the identifica-
tion of potential microbes as the second step, and, finally, 
structure elucidation of potent metabolites for the develop-
ment of antibiotics (Menpara and Chanda, 2013). The pur-
pose of this research was to identify and elucidate antibac-
terial bioactive compounds produced by P. aeruginosa strain 
UICC B-40 with nuclear magnetic resonance spectroscopy 
(NMR) and mass spectrometry (MS), and to determine the 
inhibitory effects of the compounds on several selected pa-
thogenic bacterial strains.

Materials and Methods

Microorganisms
P. aeruginosa strain UICC B-40 was isolated from N. altis-
sima (Pratiwi et al., 2016). An in vitro antibacterial assay of 
P. aeruginosa strain UICC B-40 was performed against B. 
cereus strain ATCC 10876, E. coli strain ATCC 25922, S. ty-
phimurium strain ATCC 25241, S. flexneri strain ATCC 
12022, and S. aureus strain ATCC 25923. All isolates were 
preserved at Universitas Indonesia Culture Collection (UICC).

Isolation of antibacterial compound
P. aeruginosa strain UICC B-40 was subcultured on nutrient 
agar (NA) plates for 24 h. The fresh colony was further in-
oculated into 2 × 250 ml nutrient broth (NB) medium in 1 L 
Erlenmeyer flasks (the pH was adjusted to 6.8 before steri-
lization), and the flasks were incubated in a shaking incu-
bator at 100 rpm and 37°C for 24 h. The bacterial culture fer-
mentation was further extracted by ethyl acetate. The mix-
ture was allowed to form two distinct layers - the upper sol-
vent layer was separated from the lower aqueous layer. After 
filtration, 50 ml of fermentation product was allocated into 
a 250 ml separating funnel. The filtrate was further shaken 
vigorously for 15 min, and was kept in stationary condition 
for another 15 min to separate the solvent from the aqueous 
phase. The solvent (ethyl acetate) was evaporated in a rotary 
evaporator and the obtained powder of crude extract was dis-
solved in 2–5 ml methanol for thin layer chromatography 
(TLC) (Parekh et al., 2006) and in 10 ml of 1% Dimethyl sulf-
oxide (DMSO) for antibacterial activity assay.
  The TLC analysis was performed with TLC aluminum sheets 
(20 × 20 cm silica gel F254: Merck KgaA). A small drop of sam-
ple was spotted on the TLC plate with a capillary and then air 
dried, and the spotting process was repeated by superimpo-
sing more drops on the original spot for obtaining appro-
priate quantity (2–5 μg) of the sample on the plate. The TLC 

plate was developed with a CH2Cl2/10% MeOH solvent sys-
tem and the air dried plate was visualized under ultraviolet 
(UV) light (at λ 254 nm and λ 366 nm). Components sho-
wing UV absorbance and fluorescence were marked and 
scanned. The plates were further stained with Anisaldehyde/ 
H2SO4 and Ehrlich’s reagents separately. The plates were 
next dried under hot air and observed for the appearance 
of different color bands.

Antibacterial activity assay
The antibacterial activity assay was conducted using the disc 
diffusion method. All pathogenic bacteria were grown on 
50 ml NB medium (Merck) in a 250 ml Erlenmeyer flask. 
All bacteria were incubated in a shaker incubator (67 strokes/ 
min) at 37°C for 18 h. Approximately 200 μl of 105 CFU/ml 
of pathogenic bacterial cultures was applied to the surface 
of the NA plate (15 cm diam.).
  The bioactive compounds were prepared at concentrations 
of 15.62, 31.25, 62.5, 125, 250, 500, and 1,000 μg/ml in 1% 
DMSO. Approximately 15 μl of each concentration was dif-
fused onto a 6 mm diameter disc (Fuoroni), and then placed 
on NA plates. Antimicrobial activity was observed after a 
24 h incubation at 37°C. Inhibition activity was determined 
by measuring the diameter of the inhibition zone. For each 
bacterial strain, negative and positive controls were main-
tained in pure solvent (DMSO) and tetracycline (100 μg/ml), 
respectively.

Purification of antibacterial compound
For separation of the active principal, a paper chromato-
graphic technique was employed. The crude bioactive com-
pound was applied along a horizontal line on a piece of What-
man No.1 filter paper (25 × 15 cm) at room temperature. 
Thin Layer Chromatography was performed using a mix-
ture of chloroform and methanol (8:1) as the mobile phase. 
The compound was detected in the form of brownish-col-
ored bands by keeping the paper in an iodine vapor chamber. 
The activity of each band was detected by bioautography. The 
active compound was eluted in MeOH. The eluates of dif-
ferent chromatograms were pooled together as a partially 
purified compound.
  A silica gel slurry was packed into a 10 cm long glass column 
with a diameter of 2 cm. The partially purified compound 
(10 ml) was loaded into the column. The adsorbed compound 
was eluted by hexane, ethyl acetate, and MeOH at 3 ml/min 
flow rate. Fractions of each elution (5 ml) were collected se-
parately and the activity was detected by bioassay. The ac-
tive fractions were pooled together and evaporated.
  TLC plates were prepared (0.1 mm thick) on glass plates 
(15 × 15 cm) and activated before use. One-dimensional TLC 
was performed using hexane:ethyl acetate (1:1) as the mobile 
phase. Bands were detected by keeping the plate in an iodine 
vapor chamber and were eluted with chloroform:methanol 
(8:1). To confirm homogeneity of the compound, the activity 
was detected by bioassay.
  Chemical characterization of the purified active compound 
was performed through MS and NMR spectral analyses. 
Structural elucidation of pure bioactive compounds from 
the strain was carried out with LC-MS and 1H-NMR spec-
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