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Abstract
The present study was undertaken to study the statistical optimization of medium
components for improved Indole-3- acetic acid (IAA) production by Pseudomonas aeruginosa. Colorimetric analysis showed maximum IAA (132 µg mL-1) in the
medium supplemented with tryptophan (0.5 g L-1). The maximum production was
achieved after 96 h of incubation. Yeast extract, tryptophan and EDTA were identified as significant components influencing IAA production by Pseudomonas aeruginosa, using the Plackett- Burman method. The statistical optimization approach
led to the production of 318 µg mL-1 of IAA within 24 h of incubation. Statistical
approach was found to be very effective in optimizing the medium components in a
manageable number of experimental runs with overall 2.4 fold increase in IAA production. TLC and GC- MS analysis further confirmed the IAA production in the cell
filtrates of the strain. GC-MS analysis and tryptophan side chain oxidase confirmed
the existence of atleast 2 possible pathways for IAA by this strain. Inoculation of P.
aeruginosa culture filtrate enhanced seed germination (82.4%) and increase in root
length and shoot length (~ 2.6 and ~ 1.1 folds over the control) of cowpea seeds over
the control treatment under pot culture conditions.
Keywords: indole-3- acetic acid, Plackett- Burman Design, Pseudomonas aeruginosa, GC- MS, seed bacterization.
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1. Introduction
Indole-3-acetic acid (IAA) is the main member of

sis pathways in plants and bacteria was observed

the auxin family that controls many important phy-

(Spaepen et al., 2007).

siological processes including cell enlargement and

Traditional experimental design often uses “one

division, tissue differentiation, and responses to light

factor at a time” with only one factor of a system being

and gravity (Teale et al., 2006). Various microorga-

variable, while the other factors are kept fixed during

nisms including bacteria, fungi, and algae are capa-

each trial and therefore, in this method a number of

ble of producing physiologically active quantities

experiments are required. Statistical methods have

of auxins, which may exert pronounced effects on

advantages over conventional methodologies in pre-

plant growth and establishment. Bacteria inhabiting

dicting the accurate results basically due to utilization

rhizosphere of various plants are known as ‘‘plant

of fundamental principles of statistics, randomization,

growth promoting rhizobacteria (PGPR)”. These

and replication. In full factorial designs, the number

bacteria synthesize and release greater amount of

of factors increases exponentially leading to an un-

IAA as secondary metabolite because of the substra-

manageable number of experiments. Hence, fractio-

tes exuded from the roots, when compared with non-

nal factorial design like Plackett- Burman becomes

rhizospheric soil bacteria and promote plant growth

a method of choice for initial screening of medium

directly (Spaepen et al., 2007). The IAA produced

components. Plackett- Burman’s statistical method

by bacteria colonizing the rhizosphere of the plants

involves a two-level fractional factorial saturated de-

is proposed to act in conjunction with endogenous

sign that uses only k + 1 treatment combinations to

IAA in plant to stimulate cell proliferation, elonga-

estimate the main effects of k factors independently

tion, and enhancement of host’s uptake of minerals

(assuming that all interactions are negligible) (Plac-

and nutrients from the soil (Suzuki and Oyaizu,

kett and Burman 1946).

2003; Leveau and Lindow, 2005). IAA also serves as

The species of genus Pseudomonas are widely

a regulating agent for microbial cell differentiation,

distributed in nature and act as plant growth-promo-

for example, it stimulates spore germination and my-

ting rhizobacteria by nitrogen fixation, mineral so-

celial elongation in a Streptomyces, and induces ad-

lubilization, as well as transformation of nutrients,

hesion and filamentation in Saccharomyces cerevi-

production of phytohormones and siderophores, and

siae (Matsukawa et al., 2007). These results suggest

1-aminocyclopropane-1-carboxylic acid (ACC) dea-

that IAA may act on a common regulatory cascade

minase (Lugtenberg and Kamilova, 2009). Although

leading to morphogenesis and secondary metabolism

IAA production has been reported in Pseudomonas

(Diemaite, 2004).

species (Karnwal, 2009), there is not much informa-

Tryptophan is believed to be the primary precur-

tion on statistical optimization of nutritive conditions

sor for the formation of IAA in plants and microor-

for its production. Hence, the present report is an

ganisms (Monteiro et al., 1988). Different bacterial

attempt to optimize medium components for impro-

pathways to synthesize IAA have been identified and

ved IAA production by the potential biocontrol agent

a high degree of similarity between IAA biosynthe-

Pseudomonas aeruginosa.
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2. Materials and methods

and allowed to stand at room temperature for 30 min till
the development of pink color. Quantitative estimation

2.1. Organism and culture conditions

of IAA was made by spectroscopic absorbance measurements at a wavelength of 535 nm. Uninoculated broth

The IAA producing bacterium was isolated from the

served as control. IAA concentration values were obtai-

rhizospheric soil of various vegetable crops from in

ned by preparing a standard curve from IAA solution

and around Bangalore, India. The potential isolate

(0- 100μg mL-1) and the amount of IAA produced was

was identified as Pseudomonas aeruginosa through

expressed as µg IAA secreted per unit of optical density.

morphological and biochemical characteristics and by
16S rDNA sequence analysis. The nucleotide sequence of the 16S rRNA of Pseudomonas aerugonisa FP6

2.3. Effect of tryptophan concentration on IAA
production

has been deposited in the GenBank database under the
Erlenmeyer flasks containing 50 mL of nutrient broth

accession number JN861778.

were supplemented with different concentrations of

2.2. Quantitative estimation of IAA production

L- tryptophan (0- 1 g L-1) and inoculated with 100 µL
of the bacterial cell suspension (108 cfu mL-1). After

IAA production was determined using Salkowaski rea-

incubation, growth was measured at OD600 nm and cul-

gent as described by Gordon and Weber (1951). 100 µL

ture supernatants were collected and assayed for IAA

of 24 h bacterial broth (108 cfu mL-1) was inoculated into

production as described above.

100 mL of nutrient broth medium in 250 mL flask con-

The unoptimized medium used for growth and

taining 0.1 mg mL-1 L-tryptophan. The flask was incu-

IAA production consisted of the following (g L-1):

bated at 30°C temperature for 48 h in a rotary shaker (120

peptone,5 ; yeast extract, 3 ; NaCl, 5; tryptophan,

rpm). Then, the culture was centrifuged for 30 min at

0.1; pH 7.2 at 30° C under shaking conditions (120

10,000 rpm. Two mL of the supernatant was mixed with

rpm) for 96 hours . The media components and their

equal volume of Salkowski reagent (0.5 M FeCl3 in 35

composition for IAA production during optimization

% perchloric acid). The contents were mixed by shaking

study are given in Tables 1 and 2.

Table 1. Variables representing medium components used in Plackett- Burman design.
Variables
X1
X2
X3

Medium components (factors)
Glucose (g L-1)
Glycerol (g L-1)
KNO3 (g L-1)

X9

NaCl (g L-1)

0.01

0.1

X10

EDTA (mg mL-1)

0.0002

0.02

X11

Aeration (rev min-1)

static

120

X4
X5
X6
X7
X8

Yeast extract (g L-1)
Tryptophan (g L-1)
pH
Temperature (° C)
Incubation time ( h)

Low level (−)
0.1
0.1
0.02

High level (−)
1
0.1
0.2

0.05
0.1
5
20
24

0.5
1
7.5
37
96
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2.4. Evaluation of environmental factors for IAA
production using Plackett- Burman experimental
design

2.5. Extraction of Crude IAA
IAA was produced in optimized culture conditions.
Bacterial cells were separated from the supernatant

Identification of essential medium constituents to im-

by centrifugation at 10,000 rpm for 30 min. The su-

prove IAA production by Pseudomonas aerugonisa

pernatant was acidified to pH 2.5- 3.0 with 1 N HCl

was carried out using Plackett- Burman statistical de-

and extracted twice with ethyl acetate at double the

sign (Plackett and Burmann, 1946). A total of eleven

volume of the supernatant. An extracted ethyl acetate

variables (variable k = 11, table1) were selected for

fraction was evaporated dry in a rotary evaporator at

the study with each variable representing two level,

40°C. The extract was dissolved in 1 mL of methanol

high (+) and low (-) in 12 trials (Table 2). The number

and kept at -20°C.

of positive and negative signs per trial was (k +1)/2
and (k – 2)/2, respectively. Each row represents a trial,

2.6. Thin Layer Chromatography

and each column represents an independent (assigned)
variable. The effect of each variable was determined

Ethyl acetate fractions (10- 20 µL) were plated on

by the following equation:

TLC plates (Silica gel G f254, thickness 0.25 mm)
and developed either in ethyl acetate: chloroform: for-

E (Xi) = 2 (∑ Mi − Mi ) / N

(1)

mic acid (55:35:10,v/v) or benzene: n-butanol: acetic

Where, E (Xi) is the concentration effect of the tes-

authentic IAA, were identified both under UV light

ted variables. Mi+ and Mi− represent IAA production

(254 nm) and by spraying Salkowski reagent, and

from the trials, where the independent variable (Xi)

compared with Rf of pure IAA as positive control.

+

−

acid (70:25:5,v/v). Spots with Rf values identical to

measured was present at high and low concentrations,
respectively. N, total number of the trials equals to 12.

2.7. GC- MS

When the sign is positive, the influence of the variable
upon IAA production is greater at higher concentra-

The methylated compound and standard IAA were

tion, and when negative, the influence of the variable

subjected to gas chromatography- mass spectrometry

is greater at low concentration. The standard error

(Thermo FinniganLCQ Deca XP MAX mass spectro-

(SE) of concentration effect was the square root of the

meter, thermo Electron Corporation). GC- MS was

variance of an effect, and the significance level (P-

quipped with a TR-5 capillary column (30 m length,

value) of each concentration effect was determined

0.25 µm thickness, 0.25 mm diameter). The helium

using the Student’s t- test:

flow rate was 1.2 mL min-1 and the injector temperature was 250°C. A temperature program of 120-220°C

t (Xi) = E (Xi) / SE

(2)

at 3°C min-1 was started upon injection. Mass spectra
were recorded at an ionizing voltage of 70 eV with a

Where, E (Xi) is the effect of variable Xi.

source temperature of 270° C. The identity of extrac-

The statistical analysis of the results was performed

ted compound, as IAA was determined on the basis of

with the aid of statistical software package design ex-

its retention time as compared to the data of GC- MS

pert 8.0 (State-Ease, Minneapolis, MN, USA).

analysis of methylated standard IAA.
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2.8. Detection of tryptophan side chain oxidase

2.10. Statistical analysis

Plate test for tryptophan side chain oxidase (TSO),

Data regarding the effect of culture-filtrate on seed ger-

as a pathway in IAA biosynthesis was performed by

mination and root elongation of cowpea was statistica-

a modified method of Takai and Hayaishi (1987). P.

lly analyzed by Student’s t- test (SPSS software 18).

aeruginosa was streaked over King’s B medium and
overlaid with 6.0ml of soft agar containing 10 % (w/v)

3. Results and discussion

SDS and 20mM L- tryptophan in 1M glycine- HCL
buffer (pH- 3). Plates were kept at room temperature

Pseudomonads are predominantly found in rhizos-

for 4 hrs. Change in the color of streaked cells was

phere of cereal and legume crops. These rhizobacteria

observed as a score for TSO production.

have immense potential in agriculture for use as biofertilizer, biocontrol agent and in bioremediation due

2.9. The effects of crude IAA extract of P. aeruginosa
on seed germination and root elongation of cowpea

to their plant growth-promoting ability, antimicrobial
activity and ability to degrade pollutants (Ahmad et
al., 2008). Production of plant growth hormones, par-

The seeds of cowpea, Vigna unguiculata C-152, were

ticularly IAA, has long been considered an important

used throughout the study. Cowpea seeds used for the

attribute of PGPR strains and different bacterial stra-

experiments were obtained from University of Agri-

ins were found to produce IAA.

cultural Sciences, GKVK, Bangalore. The cowpea
seeds were surface sterilized in 70% ethanol for 2 min
and in 2% sodium hypochlorite for 5 min and then

3.1. Effect of tryptophan concentration on IAA
production

washed ten times in sterile distilled water. P. aerugonisa was grown in nutrient broth supplemented with

The isolate produced 80 µg mL-1 (5 fold) increase in

0.5% L-tryptophan, pH 7.0 and incubated at 30°C for

IAA production on tryptophan supplementation (0.1 g

5 days. Bacterial cells were separated from the super-

L-1) when compared to control (without tryptophan).

natant by centrifugation at 11,000 rpm for 15 min. The

IAA production started after 24 h of incubation and rea-

supernatant was filtered (Millipore filter, 0.45µm) and

ched a maximum at 96 hours followed by a decrease. P.

the cell-free filtrate was used for subsequent test. The

aeruginosa produced higher IAA in the presence of the

surface sterilized seeds were then soaked in culture

precursor, L-tryptophan which shows that the isolate is

filtrate containing sterilized carboxymethylcellulose

dependent on the L-tryptophan precursor and proba-

(CMC; 1%) as an adhesive in a shaker incubator at

bly synthesized IAA through L-tryptophan dependent

120 rpm for 6 hrs, then air-dried. Seeds treated with

pathways. El- Khawas and Adachi (1999) showed that

sterile distilled water amended with CMC alone ser-

K. pneumoniae and Azospirillum brasilense produced

ved as control. Seeds were sown in plastic pots con-

35 and 46 µg mL-1 of IAA with tryptophan supplemen-

taining sterile sand. Seed germination, seedling vigor

tation. Similarly, 38 µg mL-1 and 80 µg mL-1 of IAA

and the measurements of root length of cowpea were

production were reported in Serratia plymuthica and

analyzed 10 days after germination. The experiment

Paenibacillus polymyxa (Phi et al., 2008; Koo et al.,

was carried out with three replicates of 50 seeds each.

2009). Our strain produced comparably higher amount
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of the IAA than some of the other analyzed strains in li-

The main effect of each variable upon IAA produc-

terature which shows that different isolates vary in their

tion was estimated. Within the range of the tested

utilization of different concentrations of L-tryptophan

variables, the factors that appeared to be of po-

for IAA production.

sitive effects are glucose, glycerol, yeast extract,

The isolate also exhibited tryptophan concentra-

tryptophan, salt, EDTA, aeration. Figure 1 (pareto

tion dependent IAA production. The IAA production

chart) shows, the positive and negative influence

increased from 80 µg mL-1 to 132 µg mL-1 with increa-

of the screened variables on IAA production. On

sing concentration of tryptophan from 0.1g L to 0.5g

the other hand, high levels of the other variables

L-1 after which there was a slight decrease. This may be

showed negative effects on IAA production. Sta-

due to release of IAA degrading enzymes as reported

tistical analyses of data showed that yeast extract,

earlier in Rhizobium species (Datta and Basu, 2000).

tryptophan, EDTA in the tested range of variables

-1

had the most significant effects on IAA production.

3.2. Optimization of culture conditions by PlackettBurman experimental design

Yeast extract is the most significant factor with positive effect for IAA production and this factor gave
the maximum sum of squares and percentage in-

Statistical methods for medium optimization have

fluence (31.91 %), whereas carbon source (glucose

proved to be a powerful and useful tool for biotech-

and glycerol) has only 5.67 and 6.56% contribution

nology. The data in Table 2 indicated that there was

within the tested levels, aeration, incubation period

a wide variation for IAA production in 12 runs. This

and pH (0.477, 0.28 and 0.02) were the least contri-

variation reflects the importance of medium optimiza-

buting factors (Table 3).

tion to attain higher yields.

Figure 1. Pareto chart of eleven factors standard effects on IAA production.
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Table 2. Plackett- Burman experimental design matrix with the observed response (IAA production).
Variables

IAA production (µg mL-1)

Run

X1

X2

X3

X4

X5

X6

X7

X8

X9

X10

X11

1

−

−

−

−

−

−

−

−

−

−

−

66

2

−

−

+

−

+

+

−

+

+

+

−

166

3

+

−

+

+

+

−

−

−

+

−

+

225

4

+

−

−

−

+

−

+

+

−

+

+

184

5

−

+

+

−

+

+

+

−

−

−

+

100

6

−

+

+

+

−

−

−

+

−

+

+

208

7

+

+

−

−

−

+

−

+

+

−

+

150

8

+

−

+

+

−

+

+

+

−

−

−

100

9

+

+

−

+

+

+

−

−

−

+

−

318

10

+

+

+

−

−

−

+

−

+

+

−

152

11

−

−

−

+

−

+

+

−

+

+

+

196.5

12

−

+

−

+

+

−

+

+

+

−

−

208

X1- X7 represent different assigned variables; the values are placed at different levels of variables, sign ‘+’ is for
high concentration of variables and ‘-’ is for low concentration of variables.
Table 3. Degree of positive or negative effect independent variables on IAA production by P. aerugonisa according
to levels in the Placket- Burman experimental design.
Variables

Medium components

Effect

SE

t (Xi)

p-value

Significance level

X1

Glucose

30.75

10.91

2.81

0.10

N.S

X2

Glycerol

33.08

10.91

3.03

0.09

N.S

X3

KNO3

-28.53

10.91

-2.61

0.12

N.S

X4

Yeast extract

72.91

10.91

6.68

0.02

S

X5

Tryptophan

54.75

10.91

5.01

0.03

S

X6

pH

-2.08

10.91

- 0.19

0.86

N.S

X7

Temperature

-32.08

10.91

- 2.94

0.09

N.S

X8

Incubation time

-6.91

10.91

0.63

0.59

N.S

X9

Nacl

20.25

10.91

1.85

0.20

N.S

X10

EDTA

62.58

10.91

5.73

0.02

S

X11

Aeration

8.91

10.91

0.81

0.50

N.S

X1- X7 represents different assigned variables; SE is the standard error; t (Xi) is the value of the variables determined by student’s t - test, and i = 1- 11.
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Figure 3 shows the actual values for IAA produced

tory values of the R-Squared. The adjusted R2 is adjus-

and the predicted values determined by the model.

ted for the number of terms in the model. It decreases

The higher values of R-squared (0.799) and adjus-

as the number of terms in the model increases, if those

ted R-squared (0.6855) indicated the efficacy of the

additional terms do not add value to the model. Ade-

model. Adequate precision ratio of 9.153 indicates an

quate precision is a signal-to-noise ratio. It compares

adequate signal. The statistical analysis indicates that

the range of the predicted values at the design points

the proposed model was adequate with very satisfac-

to the average prediction error.

Figure 2. Plot of predicted vs actual IAA activity (µg mL-1 values) of P. aerugonisa.
According to the data obtained from the Plackett-

3.3. TLC and GC- MS

Burman experimental results, the medium predicted to be near optimum should be of the following

The production of IAA was confirmed by TLC and by

composition (g mL ): glucose, 0.01; yeast extract,

GC- MS analysis. Chromatogram of culture extract

0.01; tryptophan, 0.005; NaCl, 0.02; EDTA 0.5; pH

spot and standard IAA when observed under UV light

7 incubation at shaking condition for 24 hrs. On op-

showed the same Rf value 0.88. The TLC findings are

timization the production of IAA increased to 318 µg

in agreement with other reports (Kang et al., 2006).

mL-1 within 24 hrs, which was 2.4 times higher than

By GC- MS analysis, the extracted methylated com-

in the unoptimized medium.

pounded was further confirmed as IAA. The retention

-1
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time (8.68 min) of methylated compound was com-

electron impact mass spectra of indole-3-acetamide

parable to the reference standard (methyl esters of

peak which indicates that IAA is produced via Indo-

standard IAA) (Figure 3a,b). The GC-MS analyses

le-3-acetamide pathway. This pathway appears to be

of the culture supernatants and standard showed the

prevalent in bacteria (Persello Cartieaux et al., 2003).

Figure 3. Electron impact (70 eV) mass spectra of (a). Retention time of methylated sample of IAA. MethylIAA is at Rf = 8.68 min. (b) Methylated sample of putative IAA isolated from Pseudomonas aeruginosa. Ions
characteristics of methyl IAA are m/z 174.92(M +), 129.82 (base peak) and 102.89.

3.4. Tryptophan side chain oxidase

2007). Thus, P. aeruginosa was further studied for
its effect on plant growth under controlled condi-

In order to delineate the possibility of another pathway

tions. The seed germination index was higher in

of IAA synthesis, tryptophan side chain oxidase (TSO)

bacterized seeds (82.4%), which germinated earlier

as a pathway enzyme was detected qualitatively on

in comparison to the control (69.3%). Treated cow-

agar plate. The over laid soft agar cocktail containing

pea seedlings were different from the untreated in

bacteria changed in color from straw to dark brown. In

morphological parameters like plant height and root

the present study, TSO was detected as an additional

length. The inoculation of cowpea seeds with iso-

pathway for IAA production

late P. aeruginosa has significant (p > 0.01) effect
on roots as compared with the control. The isolate

3.5 Effect of P. aeruginosa on Plant growth

had most favorable effect over root length and shoot
length (~ 2.6 and ~ 1.1 folds over the control), fresh

The property of synthesizing indole acetic acid is

root weight (~2.4 folds over the control), as well as

considered as an effective tool for screening bene-

root dry weight (~ 2.6 folds over the control). The

ficial microorganisms as there have been reports

results indicated that our strain P. aeruginosa can

suggesting that IAA producing bacteria have a

improve the root development and thus can be consi-

profound effect on plant growth (Ali and Hasnain,

dered as plant growth promoters.

Journal of Soil Science and Plant Nutrition 2012, 12 (4), 863-873

872

Sasirekha et al.

Table 4. Effect of inoculation of the Pseudomonas aeruginosa on cowpea (Vigna unguiculata).
Attributes

control

P. aeruginosa

Seed germination (%)

73.33

100

Vigour index

322.96

614.04

Shoot length (cm)

6.11± 2.5

6.73± 2.2

Root length (cm)

3.72± 1.8

8.35± 3.9*

Fresh shoot weight (g)

0.31±0.1

0.29±0.09

Fresh root weight (g)

0.05±0.07

0.12±0.03*

Dry shoot weight (g)

0.04± 0.19

0.05± 0.016

Dry root weight (g)

0.005 ±0 .004

0.013 ±0.01*

Results obtained were of mean of triplicates ± sd. Data was analyzed using students t-test.*Highly significant

4. Conclusions
The statistical optimization method is widely used
and has a growing acceptance. Till date, there is no information on statistical optimization of medium components for IAA production by Pseudomonas aerugonisa by a statistical design. The present study provides
a suitable medium for improved IAA production by
Pseudomonas aerugonisa. Further, the finding of the
present study highlighted that IAA-producing bacteria from rhizospheric soil can be easily isolated and
may be exploited for local agricultural use. The isolate has a potential to be used as plant biofertilizer or
bioenhancer for plant growth improvement.
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