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Abstract: Problem statement: Pseudomonas aeruginosa has been used in agriculture as biological
agents. It has shown substantial control of a warief soil-borne plant pathogens including
Macrophomina phaseolina, Botrytis cinerea, Rhizoctonia solani, Colletotrichum truncatum, Pythium,
Fusarium and others. Species aggregatePeéudomonas aeruginosa strain UPM P3 was shown to
have potential as a biocontrol agent aga@etoderma boninense, the causal agent of Basal Stem Rot
(BSR) of oil palm. HoweverP. aeruginosa is also an opportunistic pathogéntypically infects the
pulmonary tract, urinary tract, burns, wounds alst @auses other blood infections. The objective of
this study was to carry out DNA fingerprinting fstrain differentiation to differentiate between
pathogenic and non-pathogenic forms Rf aeruginosa strain UPM P3.Approach: Genotype
characterization was carried out by amplificatidntlte recA gene using specific primers, purified
using QIA Quick PCR purification Kit and sent foegaiencing. Multiple sequence alignments were
performed on the selected closely related sequatmessions using CLUSTAL W software. THeeA
gene was used for phylogenetic and PCR-RFLP studessilts: From the phylogenetic tree, UPM P3
has more than 90% similarity wifPseudomonas aeruginosa strains: PAM7, PAO1, UCBPP-PA14 and
PA7. UPM P3 was further digested with restrictiorzymes; Pvull, Bsrl, Zral, Fokl and SgrAl. RFLP
results showed that strain UPM P3 has close sittyilaiith strain PAO1 ofPseudomonas aeruginosa.
Conclusion: Strain PAO1 is commonly associated with strainsneflical, human or plant pathogens
and agricultural environment. Common habitats idelsoil, hosts, aquatic environment and wastewater
and also a common contaminant of public places.sTthe use oPseudomonas aeruginosa strain
UPMP3 as a biological control candidate in agricdthas to be monitored.
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INTRODUCTION Pythium, as well as some phytophagous nematddés
is not clear exactly how the plant growth promoting
Pseudomonas is a genus of gram- negative, properties of P. fluorescens are achieved; theories
nonspore forming, rod-shaped bacteria. They arénclude that the bacteria might induce systemic
commonly found in soil, water and decaying matted a resistance in the host plant, so it can bettesrediack
including some species that are plant and animdby a pathogen, or the bacteria might out compttero
pathogens. Pseudomonas species typically give a (pathogenic) soil microbes, by siderophores giving
positive result to the oxidase and catalase t&3te. competitive advantage at scavenging for iron or the
genus demonstrates a great deal of metabolic diyers bacteria might produce compounds antagonistic ierot
and consequently are able to colonise a wide rafige soil microbes, such as phenazine-type antibiotics o
niches. Certain members of thieseudomonas genus hydrogen cyanid8. Pseudomonas aeruginosa strain
have been applied to seeds or applied directlpite as UPM P3, was isolated from the roots and rhizosgher
a way of controlling the growth or establishment ofof oil palm Elagls guineensis) and their potential as
crop pathogens. The biocontrol properti of biocontrol agent againganoderma boninense, causal
P. fluorescens strains CHAO or Pf-5, for example have pathogen of Basal Stem Rot (BSR) of oil palm and
biocontrol properties, protecting the roots of squtent  Colletotrichum truncatum anthracnose of soybean has
species against parasitic fungi such Fasarium or  been established. HoweveP, aeruginosa is also an
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opportunistic pathogen of plafits and humand.  tube and 40QL of isopropanol was added to precipitate
Opportunistic infections are infections caused bythe nucleic acid. Finally the DNA was washedhwit
organisms that usually do not cause disease insope 200 pL of 75% of cooled ethanol and dried at room
with a healthy immune system, but can affect peopléemperature (28+2°C) before dissolving in 100Sterile
with a poorly functioning or suppressed immuneeayst Distilled Water (SDW) and kept at -20°C for further
Restriction Fragment Length Polymorphism analysis. Electrophoresis was run for identifyirtge t
(RFLP) analysis of the PCR-amplified fragment of nucleic acids after DNA extraction in 1% of agargs¢
recA gene is an appropriate technique for theand 1% of TBE (Tris base, boric acid, 0.5 M EDTA
differentiation and characterization of micro-origams  solution, 1L ddH2O, pH 8.0). The products were mixe
on the basis of their phylogenetic relationshipend  with loading dye buffer (MBI Fermentas) in 5:1 cagind
regarded as the most sensitive method for straisubjected to electrophoresis at 70 volts 1fdrand
identificatior®. Analysis of recA has also proven very 45 min. DNA ladder 100 bp (MBI Fermentas) was used
useful in molecular systematic among closely relate as marker. The gel was stained in ethidium bromide
bacterid’ RFLP analysis of PCR-amplified recA solution and the bands visualized and photographed
demonstrated sufficient nucleotide sequence variati using BioRad Gel Doc 2000.
to enable separation of strains of all fiBe cepacia
complex genomovafs PCR-RFLP of recA gene also Nucleotide sequence analysis: The PCR products was
was applied for the characterizatioof  purified using a commercial kit (QIA Quick PCR
Erwinia amlyovora and Erwinia strain§’. RFLP  purification kit (Qiagen, Valencia, CA), accordirg
analysis via polymerase chain reaction involvesmanufacturer's instruction. After purification, tRECR
amplifying DNA using PCR, digest PCR products with products were sent for sequencing services. Tha rec
restriction enzyme (s), separate fragments bysiegy gene sequences were aligned using BioEdit software
gel electrophoresis and score data. The goal was teersions 7.0.8
determine whether molecular markers based on PCRhttp://www.mbio.nscu.edu/bioEdit/bioEdit) and
RFLP analysis of recA gene can be effectively used searched for sequence similarity to other sequences
the differentiation ofPseudomonas aeruginosa strain ~ which are available in the NCBI database at
UPM P3. http://www.ncbi.nih.gov using Basic Local Alignment
Search Tool (BLAST) algorithm. Multiple sequence
MATERIALSAND METHODS alignments were performed on the selected closely
related sequence accessions available using CLUSTAL
Genomic DNA extraction from bacteriaz DNA W software (http://workbench.sdsc.edu/).
extraction was carried out following the Cetyltritmg
Ammonium Bromide (CTAB) method. Ten colonies of Primer design  and PCR  amplification:
UPM P3 was inoculated into 10 mL nutrient broth andOligonucleotide  primers  were  rec-AS  (5™-
incubated at 28+2°C overnight. One mL of theatggacgagaacaagaagcg-3’, 20 mer) and recA-AS (5'-
overnight culture was transferred into a 1.5 mLtcaatcggcttcggcgtca-3'; 19mer) were designed on the
eppendorf tube and centrifuge for 30 sec at 13rp@0  basis of the sequence & aeruginosa recA gene
The bacteria cells were collected by discarding theavailable in Gene Bank. Amplification reaction for
supernatant and resuspended in p67TE buffer UPM P3 was performed in 25 pL of total volume
(10 mM Tris-HCL, pH 7.4, 1 mM EDTA and 1 L containing 2 pL of DNA as a template, 2.5 pL of
distilled water), mixing well by vortexing. Then 3@ 10xPCR buffer (Fermentas), 1.5 pL of 25 mM MgCI2
of 10% SDS, 3iL of NAOAC (sodium acetate) pH 5.2, (Fermentas), 0.2 puL of 10 mM dNTPs, 0.1 pL primer
100 uL of 5 M NACL and 80uL CTAB-NACL were  oligonucleotides, 0.1 uL Taq polymerase (Fermentas)
added to a total volume of 78@ and mixed well and 18.5 upL of sterilized distilled water. The
before incubating for 10 min in waterbath at 65XD.  amplification was performed in a Thermal Cycler
equal volume (78QL) of chloroform/isoamyl alcohol (Biometra®,T3  thermocycler) (Syngene, UK)
(24:1) was added to the mixture and centrifuged aprogrammed for pre-denaturing of 3 min at®4°
13000 rpm for 5 min to separate the phases. Tta cle30 cycles of 1min at 94°C, 1min at 58°C and 2 min a
supernatant was transferred into a new eppendbéd tu 72°C. After a final extension of 10 min at 72°Ceth
and the aqueous DNA layer was again extracted usingamples were cooled to 4°C.
phenol/chloroform/isoamyl alcohol (25:24:1). Thisgs
was repeated 3 times and the supernatant poolexl. TiPhylogenetic analysis: Phylogenetic analysis was done
clear supernatant was transferred into new eppéndobased on the nucleotides of recA gene using dragv tr
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software provided by the Biology Workbench ProgramBLAST result: There was 99% similaritppetween

(http://workbench.sdsc.edu/). strain UPM P3 and PAO1 and 98% similarity between
o . ) strains UPM P3, PAM7, UCBPP_PA14 and PA?7.

Restriction fragment length polymorphism analysis:  sequence oPseudomonas aeruginosa strain UPM P3

The amplified DNA fragment of recA gene were hag heen submitted to NCBI Gen Bank. The Gen Bank
digested with restriction endonucleases (PVull,IBSI occassion numbers  is GQ183951. r8trai of

Zral, Fokl and SgrAl) selected on the basis of
nucleotide sequence of thHeseudomonas aeruginosa

strains and UPM P3. 10 pL of PCR product combine
with 2 uL restriction enzymes of Bsrl and Sgekid . . . : .
1 uL of diluted Pvull, Zral and Fokl with 2 plufier Phylogenetic analysis: Phylogenetic analysis carried

for Bsrl and SgrAl and 5 pL buffer for Pvull, Zraind out on the nucleotides of recA gene resulted in the
Fokl. The reactions were incubated at 37°C for Pvul Phenogram foP. aeruginosa (Fig. 2). In this cluster
Zral, Fokl and SgrAl and 65°C for Bsrl. Digested UPM P3 was closer to PAOL. Strain UCBPP-PA14

products were then separated on 1.2% agarose lyel. Thowever, was related with plant pathogen, whereas
size of RFLP bands were measured with Gene Togttrain PA7 and PAO1 were related to medical, human,

P. aeruginosa from BLAST result used for comparison
Jvas as shown in Table 1.

software (Syngene, UK). animal, plant pathogen and also implicated with
agricultural uses. Habitats of most isolates arstdo
RESULTS plant and soil. Diseases related with strain PA7:

i ) Opportunistic infection, PAO1: Nocosomial infectjon
Total genomic DNA ofPseudomonas aeruginosa  ycBPP-PA14: Opportunistic infection and Nocosomial

(UPM P3) was successfully extracted using thejfection. Strains PA7 andPA14 UCBPP-PA14 were
Cetyltrimethyl Ammonium Bromide (CTAB) method.  isojated from clinical isolates. However all of $ke

PCR amplification of recA gene: Primers recAS and strains are also common contaminants in the public
recA-AS were designed based on recA gene sequence Bface-
Pseudomonas aeruginosa. The expected product size

(1041bp) for PCR implication of Raeruginosa recA FaMT
gene was shown (Fig. 1). UCEPR.PALL
- PA
% UPM P3
PAOL
1000 g
. Fig. 2: PHYLIP rooted tree: Phenogram for
i Pseudomonas aeruginosa strain UPM P3
Table 1. Straing®seudomonas aeruginosa from BLAST result used
as comparison for the phylogenetic analysis of recA
sequences
Gen bank accession numbers Description e-value
. e AE004091.2 PAO1 0.0
Fig. 1: Amplification of recA gene (A) for cpoooszs.1 UCBPP-PA14 0.0
Pseudomonas aeruginosa (UPM P3). Size of x52261.1 PAM 7 0.0
DNA ladder (M) used is 1 KB CP000744.1 PA7 0.0

Table 2: Size of RFLP bands of recA gendPséudomonas aeruginosa strains with the standard sequence availabNGBl in comparison
with UPM P3 based on Gene Tool software (Syngeikg, U

Restriction enzyme UCBPP-14 PAM_7 PA7 PAO1 UPM P3
Pvull 975-66 1118-88 * * *

Bsrl 956-85 * 842-199 956-69-16 959-87-10
Zral * * * * *

Fokl 655-294-92 798-294-111 655-294-92 659-382 885-
SgrAl 416-358-267 501-438-267 358-267-233-183 4862-267 413-363-264

*: RFLP bands not detected
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RFLP analysis of recA gene. RFLP patterns of PAOL and further confirmed with RFLP results using
amplified recA gene of UPM P3 digested with enzymegestriction enzymes Pvull, Bsrl, Zral, Fokl and Sigr
Pvull, Bsrl, Zral, Fokl and SgrAl were compared

with the standard recA sequence of REFERENCES

Pseudomonas aeruginosa strains, available in NCBI.

Results showed that strain UPM P3 had close siityilar 1. Haas, D. and C. Keel, 2003. Regulation of

with the strain PAO1 (Table 2). antibiotic production in root-colonizing
Pseudomonas spp. and relevance for biological
DISCUSSION control of plant disease. Ann. Rev. Phytopathol.,

41:117-153. PMID: 12730389

Pseudomonas aeruginosa is an opportunistic human 2. Haas, D. and G. Defago, 2005. Biological cdntro
pathogen, most commonly affecting immuno of  soil-borne pathogens. by fluorescent
compromised patients, such as those with cystic pseudomonads. Nat. Rev. Microbiol., 3: 307-319.
fibrosis'®. EnvironmentalP. aeruginosa isolates have PMID: 15759041 _ . .
been considered as potential biological controhegger 3 Walker, T.S., H.P. Bais, E. Déziel, H.P. Sciage,
inducers of systemic acquired resistance and also G- Rahme, R. Fall and J.M. Vivanco, 2004.
somestrains have been reported as plant-growth Pseudomonas aeruginosa-plant root interactions.
promoting rhizobacterfd*?. PCR and sequencing of pathogenicity, biofilm ~ formation ~and  root
recA gene generated the phylogenetic tree for UBM p ~ Exudation. Plant Physiol., 134: 320-331. IDO
There was 99% similarity (based on the BLAST)  10.1104/pp103.027888 ,
between UPM P3 and PAOl and 98% similarity4- !glewski, B.H., 1996 Pseudomonas. In: Baron's
between UPM P3, UCBPP-PA14 andPAM7and PA7.  Medical Microbiology, Barron, Sital. (Eds.), 4th
To differentiate the strain of UPM P3, RFLP Edn., University of Texas Medical Branch, ISBN:
fingerprinting was carried out using restriction 0-9631172-1-1, pp: 1503-1536. .
enzymes. RFLP fingerprinting showed that strain UPM®-  Ruiz, A., M. Poblet, A. Mas and J.M. Guillamon,
P3 had close similarity with the strain PAO1. PAO1  2000. Identification of acetic acid bacteria by
which have been considered as contaminant in rspit RFLP of PCR-amplified 16S rDNA and 16S-23S
can be opportunistic human pathogens. PAO1 has 6.3 'DNA intergenic spacer. Int. J. Syst. Evolut.

million base pairs, which is the largest bacteg@home Microbiol., 50: 1981-1987. PMID: 11155971
sequenced and the sequence provides insightstiato t & Sato, H., F. Yanagida, T. Shinohara, and K.
basis of the versatility and intrinsic drug resisg of Yokotsuka 2000. Restriction fragment length
P. aeruginosa. Consistent with its large genome size ~ Polymorphism analysis of 16S rRNA genes in
and environmental adaptabilit, aeruginosa contains lactic acid bacteria isolated from red wine. J.
the highest proportion of regulatory genes obsefued Biosci. Bioeng., 90: 335-337. PMID: 16232866

a bacterial genome and a large number of genetvewo /- Eisen, J.A., 1995. The recprotein as a model _
in the catabolism, transport and efflux of organic ~ Molecule for systematic studies of bacteria:

compounds as well as for potential chemo taxisesyst Comparison of trees of recAs and 16S rRNAs from
Pseudomonas aeruginosa PAO1 paralyzes rapidly and the same species. J. Mol. Evod]: 1105-1123.
kiled the nematode Caenorhabditis elegans™. PMID: 8587109 _ _
Hydrogen cyanide is the sole or primary toxic facto 8- Mahenthiralingam, E., J. Bischof, S.K. Byrne, C. Badki
produced by this strain that is responsible folirigl of andJ.E. Daviest al., 2000. DNA-based diagnostic
the nematode. Because of the potential of this strain @PProaches for identification of uBkholderia
causing opportunistic infections in humans, sttaRM cepacia  complex, Burkholderia ~vietnamiens's,

P3 has to be used with specific guidelines for Burkholderia multivorans, Burkholderia stabilis and

agricultural purposes. Thus strain UPM P3 has the Burkholderia cepacia genomovars | and Ill. J. Clin.

potential to be used as a biocontrol agent against Microbiol, 38: 3615-3173PMID: 10970351
Ganoderma boninense. 9. Waleron, M., K. Waleron, K. Geideand

E. Lojkowaska, 2008. Application of RFLP
analysis of recA, gyrA angpoS gene fragment for
rapid differention of Erwinia amylovora from
Erwinia strains isolated in Korea and Jap&iur.

Genotype characterization of recA of. Plant Pathol., 121: 161-172. DOI: 10.1007/s10658-
aeruginosa strain UPM P3 showed 90% similarity with 007-9260-3
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