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Plant growth promoting rhizobacteria (PGPR) are group of bacteria that can
actively colonize plant roots and can enhance plant growth directly or indirectly.
Fluorescent Pseudomonas sp. are emerging as largest and potentially most promising
group of PGPR bacteria that are involved in plant growth enhancement and plant disease
control. Production of auxins is one of the main reason to promote yield because of
inoculation with this bacteria. The phytohormone auxin play a central role in plant
growth and development as a regulator of numerous biological processes, from cell
division, elongation and differentiation to tropic responses, fruit development and
senescence. In this research eight isolates of Fluorescent Pseudomonas sp. were isolated
from apple rhizosphere and were investigated for auxin production. All the strains
tested produced auxin in concentration of 5.1-16.9ug/ml. Two isolates viz., An-1-kul and
An-13-kul were selected on the basis of higher production of auxin. The auxin produced
by best isolates (An-1-kul and An-13-kul) were estimated via high performance liquid
chromatography (HPLC) in liquid culture. The range of IAA production from fluorescent
Pseudomonas isolates An-1-kul and An-13-kul was 11.59ug/ml and 13.76ug/ml culture
with a retention time of 2.620 and 2.624 respectively.
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Plant growth-promoting rhizobacteria
(PGPR) are group of bacteria that can actively
colonize plant roots and can enhance plant growth
using different mechanismslike production of plant
growth regulatorsviz., indole acetic acid, gibberellic
acid, cytokininsand ethylenet, providing the host
plant with fixed nitrogen, solubilization of soil
phosphorus, enhance Fe uptake (siderophore
production), biocontrol and reducing the
concentration of heavy metals. Phytohormones,

* To whom all correspondence should be addressed.
Mob.: +91-9459786741; Fax: +91-1792-252844;
E-mail: Shweta 85sharma@rediffmail.com

mainly including auxins, cytokinins, abscisic acid,
gibberellins, and ethylene, induce someimportant
physiological responses at different stages of
plant development at low concentrations’.
Different micro-organisms have been
recognized to exude different plant growth
promoters*®. Among the plant growth promoting
micro-organisms which are capable to produce
plant hormones we can point to Azotobacter,
Pseudomonas, Azosprillium, Rhizobium, Bacillus,
Enthrobacter and Mycorrhiza fungus™®. The
fluorescent Pseudomonas sp. isthe most abundant
auxin producing micro-organism. Growth
regulatorsespecialy IAA (Indole-3-AceticAcid),
often affects the root systematic features such as
root primary growth, side-root formation and root
hairs'®. Production of plant growth regulators
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especially auxinsinduces additional root hair and
lateral root formation hencethereby enhancing the
plants ability to take up nutrients from soil and
increaseyield,

IAA is produced through L-TRP
metabolism by plants and many of soil micro-
organisms such as bacteria, fungus and algae*.
Indole-3-Pyruvic acid, Indole-3-Acetaldehid and
Indole-3-Acetonirile are pre-substances of Indole-
3-AceticAcid which have afeeblevirtue of auxins.
Indole-3-butyric acid isvery oftenintroduced asa
synthesized auxin, although this kind of auxinis
usually observed in a natural manner in some
plants®. Frankberger and Brunner recognized the
main indolesin soil asIndole-3-acetamide (IAM),
Indole-3-pyrovic acid (IPYA), Indol-3-acetic acid
(IAA) by HPLC (High performance liquid
chromatography) device. Theaim of thisresearch
wasto eval uating the auxin productivity potential
in studied Pseudomonas strains through High-
performanceliquid chromatography (HPLC).

MATERIALSANDMETHODS

I solation of fluor escent Pseudomonassp

I solation of fluorescent Pseudomonas sp.
was made from applerhizospherein Kullu district
of Himachal Pradesh (India). The rhizosphere soil
particlesloosely adhering to the roots were gently
teased out with small root pieces and mixed well.
The soil thus obtained was crushed in a sterile
mortar and pestle and shaken with 100 ml of sterile
distilled water for 10-20 min. to obtain standard
soil suspension. Isolation of fluorescent
Pseudomonas sp was made by following the serial
dilutionsand pour plate method using the specific
King'sB medium?®.

Pseudomonas sp. isolateswereidentified
on the basis of morphological, biochemical and
physiological testsviz., Gram's staining, pigment
production, catalase test , oxidase test, growth at
optimum temperature i.e. 4°C and 41°C, gelatin
liquification, denitrification test and 1AA
production.

Molecular characterization of fluorescent
Pseudomonas sp. by 16SrRNA technique

Genomic Deoxyribonucleic acid (DNA)
was extracted with DNA isolation kit (Bangalore
GeNei), and the 16SrDNA genewas amplified by
PCR using the set of primers FP-
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1(GGTCTGAGAGGATGATCAGT) and RP-
L(TTAGCTCCACCTCGCGGC) inMJMini BIO-
RAD personal thermal cycler-100 (PTC-100). The
PCR amplification was carried outinMJMini BIO-
RAD personal thermal cycler-100 (PTC-100) witha
total of 35 cycles. Amplification was as follows:
denaturation at 94°C for 1 min, annealing at 55°C
for 2 min, and elongation at 72°C for 2min. For
DNA sequencing, eluted amplified DNA products
of two selected Pseudomonas sp. (An-1-kul, An-
13-kul) wasfirst purified followed by sequencing
in Bioserve Private limited (Hyderabad, India).
Similarity searches of the Genbank database were
performed with BLAST.
Egtimation of auxins

Quantitative estimation of auxins was
done by colorimetric method® with slight
modificationsi.e. 2 to 3 drops of orthophosphoric
acid was added to 2 ml supernatant and 4 ml of
sal per reagent (1 ml of 0.5M FeCl ,in 50 ml of 30%
HCIO,). Thismixturewasincubated for 60 minutes
in dark. Absorbance was measured at 535 nm.
Concentration of auxins was estimated by
preparing calibration curveusing |AA as standard
(10-200 pg/ml).
| AA Extraction

Auxinswereextracted and separated from
supernatant with diethyl ether and detected for
homogeneity by thin layer chromatography
(TLC)Y. Theisolatesviz., An-1-kul and An-13-kul
were grown in nutrient broth for 72 h at 28 £ 2°C
under shake conditions (90rpm) and supernatants
were harvested by centrifugation at 10,000 rpm for
20 minutes.
Thinlayer Chromatography

TLC of auxinsextractswas carried out on
silicagel G pre-coated aluminium plates of Merk
brand. 100 ml of the extracted auxinsdissolved in
methanol were spotted on silicagel G along with
IAA standard. Plates were kept in solvent
isopropanol-water (30:20 v/v) for 12-14 hoursand
sprayed with Sal per reagent. Plateswere observed
for presence of pink color spot and R; value was
also calculated using following equation:

R, = Distance covered by solute /
Distance run by the solvent
Avena (oat) coleoptile straight growth bioassay
of auxins

Coleoptiles (0.1 cm) length of 3 daysold
seedlingswasfloated in Petri dish containing 1ml
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solution of test extracted auxins, 1ml standard
(IAA:10ug or 100ug) and 1ml water (blank) and
wasincubated at 25°C for 48 h. in dark. Length of
section will be measured before and after the
experiments,
Partial purification of extr acted auxinsby column
Chromatography

Diethyl ether extracted sample from
fluorescent Pseudomonas isolates An-1-kul and
An-13-kul were used for Sephadex G25 column
chromatography. 10g of Sephadex G-25 was soaked
in distilled water for overnight and was boiled for
4hfor complete swelling of thegel. Gel waswashed
and equilibrated with (0.2M, pH 7.2) tris-HCI buffer
and column (50X1.5cm) was packed and
equilibrated with tris-HCI buffer. 5ml samplewas
applied to column and eluted with tris-HCI buffer
with flow rate 3ml/12minute. 3ml fractions were
collected and observance was detected at different
wave engths (220nm, 240nm, 260nm, 280nm, 300nm,
320nm) (Figure 3). Estimation of auxinswere done
in each fraction and fraction showing auxin
production were pooled, lyophilized and stored at
-20° Cfor further use.
HPLC analysis

Analytical method for estimation of auxin
was standardized on binary Waters HPLC Unit
using Waters HPLC pump 515 with Waters
spherisorb 5um ODS 2 analytical column (4.6 x
250mm) and dual lambdaabsorbance detector 2487.
HPLC system wasinitially run for overnight with
properly cleansed HPLC grade methanol:water
(80:20 v/v). HPL C chromatograms were produced
by injecting 10ul of filtered extracts of auxinsonto
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Water made (C18 silicacolumn 25 X 4.6mm) ina
chromatograph equipped with a differential UV
detector absorbing at 270nm. Mobile phase was
methanol and water (80:20 v/v) flow rate (1ml/min)
for 15 minutes. RT for peakswas compared to those
of authentic standards of auxins (indole acetic acid
CDH) and quantification was done by comparison
of peak heights.

RESULTSAND DISCUSSION

In the present study, eight isolates of
Fluorescent Pseudomonas sp. were isolated from
the rhizosphere soil of apple. The results of the
biochemical tests performed for theidentification
of the effective native isolates of Fluorescent
Pseudomonas sp. showed that all the isolates
produced similar results with regard to gram
staining (negative), gelatin liquefaction (positive),
catalasetest (positive), oxidasetest (positive) and
fluorescent pigmentation (positive). According to
Todar (2004), more than half of the Pseudomonas
bacteria produce pyocyanin which isablue-green
pigment®. Inthisstudy, al theeight identified gram-
negative Pseudomonas isolates were found to be
green fluorescent on King's B medium under
ultraviolet light. The biochemical testsi.e gelatin
liquefaction, denitrification, catalasetest, oxidase
test, IAA production, further confirmed that these
isolates belong to genus Pseudomonas (Table 1).
All the isolates showed positive results in IAA
production. Among the isolates An-13-kul
produced more quantity (16.92ug/ml) of 1AA
followed by An-1-kul (14.72ug/ml) and therefore

Table 1. Biochemical characterizations of different isolates of fluorescent Pseudomonas sp.

S Parameters

Fluorescent Pseudomonas isolates

No An-1-kul An-2-kul An-3-kul An-4-kul An-5-kul An-6-kul An-13-kul An-14-kul
1. Gramstaining Negative Negative Negative Negative Negative Negative Negative Negative
2. Gelatinliquefaction  Positive Positive Positive Positive Positive Positive Positive Positive
3. Catalase test Positive Positive Positive Positive Positive Positive Positive Positive
4, Oxidasetest Positive Positive Positive Positive Positive Positive Positive Positive
5. Fluorescent pigment Positive Positive Positive Positive Positive Positive Positive Positive
6. Growthat 4°C Negative Negative Negative Negative Negative Negative Negative Negative
7. Growthat 41°C Positive Positive Positive Positive Positive Positive Positive Positive
8. Denitrification Positive Positive Positive Positive Positive Positive Positive Positive
9. Estimation of IAA 14.72 7.27 6.94 6.00 5.83 5.11 16.92 10.22
(Hg/mi)
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Table 2. Effect of extracted auxins of Pseudomonas aeruginosa
An-1-kul and An-13-kul on the length of Avena coleoptiles.

Extracted auxins

Length of coleoptiles (cm)

Initial length Final length Increasedlength  Auxins(ug/ml)
Control (water) 0.10 0.20 0.10 9.0
An-1-kul 0.1 0.45 0.35 22.0
An-13-kul 0.1 0.50 0.40 25.0
*Standard (IAA) 0.1 65 0.55 32.0

Table 3. Auxins measured by spectrophotemetric and HPLC device

S Fluorescent Pseudomonas IAA (pg/ml)

No. isolates Spectrophotemetric device HPLC device
1 An-1-kul 14.72 11.59

2. An-13-kul 16.92 13.76

selected for further study. Bareaet al., reported in
an experiment that in 150 bacterial isolation
collected from different plant rhizosphere, 58, 86
and 90 percent auxin, gibberellinsand semi-auxin
compound were exuded respectively®.

Using the universal primer set, DNA
fragment of the 16SrDNA gene was amplified by
PCR. The PCR amplified 16S rDNA region was
seguenced and sequence from strain An-1-kul and
An-13-kul was shown to have a98% similarity with
Pseudomonas aeruginosa DK2 (Accession
number NC_018080.1) and 99 % similarity with
Pseudomonas aeruginosa PA7 (Accession number
NC_009656.1) respectively viaBLAST analysis.
IAA was extracted from the culture of fluorescent
Pseudomonas using di-ethyl ether. TLC analysis
of auxin compounds obtained from both the culture
(An-1-kul and An-13-kul) confirmed the presence
of IAA with Rf value 0.80 and 0.81 respectively
identical to the Rf of the standard (0.85 Partially
purified extracts of supernatants of Pseudomonas
aeruginosa An-1-kul and An-13-kul concentration
of IAA isabout upto 22-25ug/ml respectively and
it has increased the length of Avena coleoptiles
(Table 2). Thisindicatesthat auxinsare present in
the partially purified samples.

In the present study we measured the
IAA amount of two fluorescent Pseudomonas
isolatesAn-1-kul and An-13-kul through HPL C and
spectrophotometer. Extracted auxinsfrom strains
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An-1-kul and An-13-kul showed optimum peak
value at 240, 260 and 280nm and showed presence
of auxinsin fraction number 12to 18, 12to 19 and
12-19 respectively in the main peak (Figure 1).
Khalifah et al.?* maximum excitation wavelength
for auxins (IAA) was 290nm.

IAA extracted from the culture of
fluorescent Pseudomonas isolates showed a
similar peak to that of the standard |AA (Hi-media)
in HPLC analysis. The retention time of the
extracted auxin (IAA) from both the isolates was
2.620 and 2.624, which matched the retention time
of authenticl AA of 2.619min (Figure 2). Therange
of IAA production from fluorescent Pseudomonas
isolates An-1-kul and An-13-kul was 11.59ug/ml
and 13.76pg/ml culturerespectively (Table 3). Our
resultswere the same asresultsdone by Crozier et
al.2, He measured the IAA amount of twenty
Azospirillum lipoferum and A. brasilense strains
through both HPL C and Salkowsky methods. He
reported the IAA amount in A. lipoferum through
Salkowsky method from 0to 14.9ug/ml; and in A.
brasilense from 0 to 26.0ug/ml. He also reported
the IAA amount in A. lipoferum through HPLC
method from 0.05to 14.9ug/ml; andin A. brasilense
from 0 to 4.5ug/ml. Benizri et al.%, reported the
auxin excretion in their research on P. fluorescens
M.3.1as2.5ug/ml. Intwo separate studied carried
out on P. fluorescens by L einhos and Vacek 2 and
Prikryl et al. %; the amount of produced auxin
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a) Column chromatography of An-1-kul
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b) Column chromatography of An-13-kul

Fig. 1. Sephadex G-25 column chromatographic profile of di-ethyl ether extracted auxinsfrom P. aeruginosa An-

1-Kul (&) and An-13-kul (b) at wavelength 280 nm
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Fig. 2. HPLC chromatograph of auxins (a) An-1-kul (b) An-13-kul (c) standard |IAA

reported as 1.6-3.3 mg/l and 0.01-3.93mg/I. Crozier
and Reeve % reported that HPLC is a powerful
method for simplifying theauxins' identificationin
comparison with mass spectrophotometer method.
In HPLC method the goal is to promote the
measurable |IAA and reduce the amount of
unexpected substances in samples.
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