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Identification of Pseudomonas spp. Isolated from wild animals in Saremas Plantation, Miri, Sarawak
Choo Chee Wei
Resource Biotechnology Programme
Faculty of Science and Technology
Universiti Malaysia Sarawak

ABSTRACT

Pseudomonas spp. are found to be prevalence in wild animals. Propagation of these
opportunistic microorganisms among human and animals became important for public
health concern. In this study, Pseudomonas spp. from the feacal, anal, intestine and mouth
in wild animals in a conserved forest located at Saremas Plantation, Miri, Sarawak were
identified using biochemical tests and detection of exotoxin A (ETA) gene. Series of
conventional biochemical test were done, including gram staining, oxidase test, triple sugar
iron test, citrate test, catalase test, macconkey agar test, urease test, growth at 42 ℃ and
4 ℃ and cetrimide agar test to identify the isolates based on enzymatic reactions and
metabolic pathways. Through these tests, 12 out of 68 isolates were identified as
Pseudomonas spp., including P. aeruginosa, P. chlororaphis, P. cichorii, P. fluorescen, P.
putida and other Pseudomonas spp. Five isolates were subjected to detection of 369-bp gene,
ETA by using PCR and nonspecific bands were observed. This study suggest that
Pseudomonas spp. is prevalent in the mouth and anal sample of wild animals, including
snake, birds, and bats.
Key words: Biochemical test, exotoxin A gene (ETA gene), Pseudomonas spp., wild animal
ABSTRAK

Pseudomonas spp. dijumpai tersebar meluas dalam hidupan liar. Mikroorganisma oportunis
ini menjadi kebimbangan kesihatan awam. Dalam Kajian ini, Pseudomonas spp. yang
diambil daripada tahi, dubur, usus dan mulut haiwan liar dalam hutan yang terletak di Ladang
Saremas, Miri, Sarawak dikenalpasti dengan menjalankan pelbagai ujian biokimia serta
pengesanan gen eksotoksin A menggunakan kaedah molekular. Pelbagai ujian biokimia
dijalankan, termasuk pewarnaan gram, ujian oxidase, ujian tiga gula besi, ujian sitrat, ujian
catalase, ujian agar macconkey, ujian urease, pertumbuhan pada 42 ℃ dan 4 ℃ serta ujian
agar cetrimide untuk mengenal pasti isolat berdasarkan tindak balas enzim dan laluan
metabolik. Melalui ujian ini, sebanyak 12 daripada 68 isolat telah dikenalpasti sebagai
Psedumonas spp., termasuklah P. aeruginosa, P. chlororaphis, P. cichorii, P. fluorescen, P.
putida dan Pseudomonas spp lain. Lima isolat telah diuji untuk pengesanan gen ETA bersaiz
369-bp gen menggunakan PCR dan band yang tidak spesifik telah diperhatikan. Kajian ini
mencadangkan bahawa Pseudomonas spp. adalah lazim dalam sampel dubur haiwan liar,
termasuk ular, burung, dan kelawar.
Kata kunci: Ujian biokimia, gen eksotoksin A (ETA), Pseudomonas spp., hidupan liar,
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1.0 Introduction
According to Hossain (2014), Pseudomonas was discovered by Gessard in 1882 and the
name Pseudomonas was created by Migula in 1894. The members of this genus were
belonged to the family Pseudomonadaceae. Pseudomonas was derived from Greek word,
Pseudo (false) and Latin word, monas (single unit). Pseudomonas spp. are gram negative
bacilli, in which their width and the length range from 0.5 to 1.0 𝜇m and 1.5 to 5 𝜇m
respectively. They are prevalent in nature and they can be retrieved from a large variety of
natural materials. Pseudomonas spp. are opportunistic and they commonly cause nosocomial
infections by invading and associating with a wide range of host, including humans, animals
and plants (Chen, 1994). These opportunistic microorganisms became increasingly
important for public health consideration, thus, it is important to identify the Pseudomonas
spp. for determining optimal therapy as well as preventing pseudomonas infection among
the humans and animals.

Identification of Pseudomonas spp. can be performed using the combination of
biochemical characterization and molecular characterization technique. Biochemical tests
are more definitive identification tests that developed by microbiologists to differentiate the
bacteria based on their enzymatic reaction and metabolic pathway, compared to
morphological observation. A series of biochemical test can be used to identify the
Pseudomonas spp., for instance, oxidase reaction test, triple sugar iron test, citrate utilization
test, catalase utilization test, macconkey agar test, urease test as well as cetrimide agar test.
However, in order to identify the Pseudomonas at species level, the effect of temperature on
the growth of Pseudomonas is considered as the key differential test since some species can
tolerate high or low temperature, and some cannot (Palleroni, 2009).
2

According to Khan and Cerniglia (1994), in order to identify Pseudomonas spp.
more accurate and precisely, PCR can be used to detect Pseudomonas aeruginosa by
amplifying a 369-bp regions of ETA structural genes, using ETA specific primer, ETA1 and
ETA2. P. aeruginosa is able to synthesize two different ADP-ribosyltransferase toxins: ETA
and exoenzyme S. Since P. aeruginosa is able to produce ETA, while other species do not,
this PCR method can be considered a rapid and more accurate method than other diagnostic
methods for the identification of P. aeruginosa. This method also utilized to detect a low
level of P. aeruginosa from different isolates without using extra biochemical tests.

The objective of this study were to identify the Pseudomonas spp. in wild animals,
by means of conventional biochemical tests and to determine the P. aeruginosa by using the
molecular methods.

3

2.0 Literature review
2.1 Brief History of Pseudomonas
The genus Pseudomonas was given attention early in the microbiology history due to their
prevalent occurrence in nature. This genus was first discovered by Gessard in 1882 and the
name Pseudomonas was created by Migula in 1894. The bacteria in this genus belong to the
family Pseudomonadaceae. Pseudomonas was described as cells which have polar flagella
for motility; some species are able to generate spores, for instance, Pseudomonas violacea,
but it was infrequent to occur (Palleroni, 1986). The description becomes more substantial
with the subsequent introduction of the species, Pseudomonas pyocyanea in 1985, which
was then renamed as Pseudomonas aeruginosa in 1990.

The gram negative, non-sporulating rods with polar flagella bacteria were differentiated
from other gram negative bacterial by some additional characteristics, for instance, the
diameter of these cells are usually less than 1 𝜇m; the length was ranged from 1.5 to 5 𝜇m;
absence of appendices (prosthecae); not surrounded by sheaths; aerobic; utilization of a
strictly respiratory type of metabolism oxygen as the terminal electron acceptor; utilization
of nitrate as an alternate electron acceptor. In P. aeruginosa, P. stutzeri and some P.
fluorescens bivars, presence of additional lateral flagella with shorter wavelength compared
to polar flagella (Hossain, 2014).

As a result of rapid growth and development of bacteriology in United States, the
proposals regarding the bacterial classification were collected in manuals by American
bacteriologists, leaded by David H. Bergey and his collaborators. They introduced the first
4

edition of Bergey’s manual of systematic bacteriology in 1923, followed by the 5th edition
in 1957, including a remarkable chapter on the classification of Pseudomonas species based
on a few phenotypic traits (Palleroni, 2008).

2.2 Classification of Pseudomonas
According to Hossain (2014), the name Pseudomonas, has derived from Greek word, Pseudo
(false) and Latin word, monas (single unit). This genus is belong to the class
Gammaproteobacteria (refer to Figure 1), which is one of the largest group in the world of
bacteria. The bacteria within this class have similar conserved sequence coded for
macromolecules, for instance, gene sequence of 16S rRNA. The phylum Pseudomonad was
reclassified recently since a few groups of medically important groups are identified, for
instance, fluorescent Pseudomonas comprises Pseudomonas aeruginosa, Pseudomonas
fluorescens, and Pseudomonas putida. Another medically significant group is associated
with human, which are currently classified as Burkholderia spp., including Pseudomonas
cepacia, Pseudomonas pseudomallei, and Pseudomonas mallei.
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Kingdom
• Bacteria

Phylum
• Proteobacteria

Class
• Gamma Proteobacteria

Order
• Pseudomonadales

Family
• Pseudomonaceae

Genus
•Pseudomonas

Figure 1: The figure above shows the scientific classification of Pseudomonas, in terms of kingdom, phylum,
class, order, family and genus.

2.3 General properties of Pseudomonas
2.3.1 Colony Characteristics
According to Palleroni (1986), the properties of Pseudomonas colonies such as size, shape,
color, edge, and surface ornaments offered vital evidence to support the identification of
species. However, colony features of some species can be very remarkable. For example, the
colonies of P. stutzeri are wrinkled and coherent, but these properties are commonly lost by
repeat subcultivation in laboratory media.

6

For the colonies of P. aeruginosa, they are normally flat, creamy colonies, and able to
spread over agar surface. However, colonies of P. aeruginosa which are very mucoid can be
isolated from respiratory infections associated with cyctic fibrosis. To date, this property was
only known to be featured by P. aeruginosa, but as reported by Govan et al. (1981), same
property was also found in carbenicillin-resistant strains of related species P. fluorescens, P.
putida and P. mendocina, but not in strains of many other species.

2.3.2 Cellular morphology
Pseudomonas spp. or pseudomonads are gram negative bacilli which have straight or slightly
curved rod shape. The width and the length of the Pseudomonas is ranged from 0.5 to 1.0
𝜇 m and 1.5 to 5 𝜇 m respectively. The common characteristics that shared by all
Pseudomonas spp. include aerobic (anaerobic for some species), non-spore forming (except
P. violacea) and presence of one or more polar flagella for motility (Engelkirk & DubenEngelkirk, 2008).

2.4 Pathogenicity
Species of Pseudomonas are widely spread in the environment commonly occurring in soil
and water, due to their ability to grow in low nutrient conditions. According to Chen (1994),
Pseudomonas spp. is considered as an important opportunistic pathogen which normally
cause nosocomial infections. Pseudomonas spp. has been associated with wide range of host,
comprising of humans, animals (wild, domestic and livestock) as well as plants (flora and
fungi) (Public Health Agency of Canada, 2011). Pseudomonas spp. commonly conquer the
host tissue and subsequently causing the infection and bacteremia in especially
immunocompromised hosts, for instance HIV/AIDS, cyctonic obstrucic fibrosis,
bronchiectasis and severe chronic obstructive pulmonary disease, burns, maglinancy or
7

diabetes mellitus patients.

Among the Pseudomonas spp., P. aeruginosa is the most vital species for public health
concern. It does not cause any effects once it is ingested, however , is does cause severe
nosocomial infections once it is enter to the body through the wounds or intravenous lines.
It normally colonizes the injured sites, for example, burn and surgical wounds, the disease
associated respiratory tract and physically damaged eyes. From these sites, it may invades
the body system and results in destructive lesions or septicaemia and meningitis (Lightfoot,
2003).

Other than contributing severe and lethal disease, Pseudomonas spp. also resist many
antibiotics and form new resistance after exposure to antimicrobial agents. This directly
increase the significance of the organism in hospital setting.

2.5 Epidemiology
According to Hirakawa et al. (2010), P. aeruginosa is widely found in popular pets,
chinchillas. As mentioned by Benskin et al. (2009), P. aeruginosa was found to be a common
avian pathogen which disturbed the upper respitory tract, causing rhinitis, sinusitis as well
as laryngitis. Furthermore, it causes the infection associated with septicaemia and
haemorrhagic enteritis in psittacines, corneal ulcers in captive crances and mass mortality in
wild-type flamingos. Pseudomonas spp. has been isolated from the intestinal and stomach
content of the short-nosed fruit bats (Cynopterus brachyotis) (Daniel et al., 2013). Apart
from that, Hubálek et al. (1998) has discovered P. stutzeri from faecal samples isolated from
wild birds, including and rodents, for instance, house sparrow, tree sparrow, the great warble,
the wood mouse and the common vole in South Moravia.
8

2.6 Traditional Properties of Pseudomonas spp.
2.6.1 Pigment Production
Pigment production is a very advantageous character used in Pseudomonas
identification during the early taxonomic treatment of Pseudomonas. Pigment production
remain essential for identification of Pseudomonas, although numerous non-pigmented
species were subsequently included in this genus (Palleroni, 1986).

Many Pseudomonas are able to generate a fluorescent yellow-green siderophore called
pyoverdine (fluorescein) when the iron is exhausted. P. aeruginosa is able to secrete a blue
phenazine-derivative pigment pyocyanin, a reddish brown pigment pyorubin as well as a
black pigment pyomelanin which can assist in differentiation of this species from others of
the genus.

Pigment production of Psedumonas often enhanced by using selective culture media,
however, repeat subcultivation of the isolates could contribute to the loss of pigment
production (Leary, 1989).

2.6.2 Temperature relationship
Growth at 4 ℃ and 42 ℃ has been determined for a large number of strains. Pseudomonas
spp. are typically mesophilic; for instance, P. fluorescens, can grow at 4 ℃ and can
occasionally be identified in the psychrophilic flora responsible for food spoilage. P.
aeruginosa does not grow at 4 ℃, but able to grow at 41 ℃ and many strains do well at 44
℃ (Palleroni, 2008; Palleroni, 2009).
9

3.0 Materials and Methods
3.1 Bacterial Cultures
Pure cultures of all isolates isolated from Saremas Plantation were obtained from the
UNIMAS Virology Lab. Isolates were aseptically streaked onto fresh Tryptic Soy Agar
(TSA) (Merck, Germany) and were incubated overnight at 37 ℃ for revival. Pure colonies
were then stocked onto slant TSA as working stock. The inoculated TSA slants were
incubated at 37 ℃ to allow the growth of purified isolates. After incubation, the agar slants
containing bacterial growth were kept in a fridge as stock culture for further usage.

The following identification tests, including gram staining, oxidase test, TSI test, citrate
test, catalase test, MacConkey agar test, urease test, growth at 42 ℃ and 4 ℃, were done
from the purified culture.

3.2 Culture Characterization (Gram Stains)
TSA was prepared as instructed by manufacturer. The bacteria were inoculated from the
purified culture to TSA and incubated overnight at 37 ℃. The morphology of colonies such
as cell shape, size, chromogenesis, opacity, elevation and consistency or texture were
observed and recorded.

Microscopic identification was done using gram staining method (Smith and Hussey,
2005). The heat-fixed smear of cells was flooded with crystal violet staining reagent for 1
minute. The slide was washed in a gentle and indirect stream of tap water. The slide was then
flooded with the mordant, Gram’s iodine for one minute followed by washed the slide in a
gentle and indirect stream of tap water. The slide was then flooded with decolorizing agent
10

for 10 seconds and washed with tap water. Next, the slide was flooded with counterstain,
safranin for 30 seconds. The slide was subsequently washed in a gentle and indirect stream
of tap water until no color appears in the effluent.

The slides of the gram stained bacteria was observed under 4×, 10×, 40×, and oil
immersions using a light microscope (Eclipse E100, Nikon, Japan). The gram-stains were
validly evaluated using immersion oil and the oil immersion lens (1000×, magnification). A
gram-negative bacteria stained pink or red and a gram-positive bacteria stained purple.

3.3 Biochemical Identification
3.3.1 Oxidase Test
This test was conducted using the method proposed by Gerhardt et al. (1981). A small
portion of the growth was picked with the autoclaved tooth prick and rubbed on the filter
paper stripes. A drop of 1% aqueous solution of tetramethyl-p-phenylenediamine
hydrochloride was pipetted on the smear. The color change was observed. A positive test
was indicated by the conversion of the colour of smear to dark purple within 5 to 10 seconds
whereas a negative result was showed as the colour of smear did not change or it took longer
than 2 minutes.

3.3.2 Triple Sugar Iron Test
This test was performed using the method mentioned by Parija (2009). The bacteria were
inoculated with an inoculating needle by stabbing the deep first then streaking on the slant.
The slants were incubated at 37 ℃ for 18-24 hours. The results, including colour change of
deep, the colour change of slant, blackening of the deep as well as appearance of bubbles in
the deep or cracking of agar slant were observed.
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