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In this study, we optimized the composition of the indole-3-acetic acid (IAA) production medium
using response surface methodology on Pantoea agglomerans SRCM 119864 isolated from soil.
[IAA-producing P. aglomerans SRCM 119864 was identified by 16S rRNA gene sequencing. There
are 11 intermediate components known to affect IAA production, hence the effect of each component
on TAA production was investigated using a Plackett-Burman design (PBD). Based on the PBD, su-
crose, tryptone, and sodium chloride were selected as the main factors that enhanced the TAA pro-
duction at optimal L-tryptophan concentration. The predicted maximum IAA production (64.34 mg/l)
was obtained for a concentration of sucrose of 13.38 g/l, of tryptone of 18.34 g/l, of sodium chloride
of 9.71 g/l, and of L-tryptophan of 6.25 g/l using a the hybrid design experimental model. In the
experiment, the nutrient broth medium supplemented with 0.1% L-tryptophan as the basal medium
produced 45.24 mg/l of IAA, whereas the optimized medium produced 65.40 mg/l of IAA, resulting
in a 44.56% increase in efficiency. It was confirmed that the IAA production of the designed optimal
composition medium was very similar to the predicted IAA production. The statistical significance
and suitability of the experimental model were verified through analysis of variance (ANOVA).
Therefore, in this study, we determined the optimal growth medium concentration for the maximum
production of IAA, which can contribute to sustainable agriculture and increase crop yield.
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Table 1. Results of IAA production by superior 10 isolates of soil sample in NB supplemented with 1 g/l of L-tryptophan

medium

. . Isolation source NB supplemented with 1 g/l of L-tryptophan

Microorganisms .
(soil) Y (mg/l) 0.Dgoo Y/0.Deoo
Pantoea agglomerans SRCM 119864 Spinach 44.05 0.11 384.13
Leclercia adecarboxylata SRCM 116119 Forest poppy 18.78 0.13 147.18
Bacillus megaterium SRCM 120246 Ginseng 5.75 0.28 20.80
Bacillus megaterium SRCM 120095 Soybean 4.84 0.19 24.93
Bacillus megaterium SRCM 119768 Peony root 4.72 0.22 21.32
Bacillus megaterium SRCM 120269 Ginseng 4.63 0.25 18.88
Bacillus megaterium SRCM 116713 Onion 4.10 0.23 17.64
Bacillus megaterium SRCM 120061 Sankes beard 3.87 0.18 21.72
Bacillus megaterium SRCM 116716 Onion 3.72 0.28 13.15
Bacillus megaterium SRCM 116708 Blueberry 3.66 0.21 17.14

Y: Acuumulated IAA concentration

O.Dgoo: Absorbance at 600 nm

Y/O.Desoo: TAA concentration pre optical density of sample at 600 nm
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Pantoea ananatis strain LMG 2665 T (NR 116750.1)
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Fig. 2. Time course profile of IAA production by P. agglomer-
ans SRCM 119864 in NB with 0.1% L-tryptophan. e:
IAA (mg/l), o: Absorbance at 600 nm.
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Fig. 1. Neighbor-joining phylogenetic tree
constructed using 16S rRNA gene
of P. agglomerans SRCM 119864.
The bootstrap values were calcu-
lated based on 1,000 replications
of maximum-likelihood analysis to
estimate the topological robustness.
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Table 2. Matrix of the Plackett-Burman design experiments on eleven variables with response values

Level of coded variables

Factors Symbol (unit) 1 0 )
Glucose X (g
Sucrose X, (g/) 0.1 1.1 2.1
Calactose X3 (g/)
Yeast extract X4 (g/)
Peptone Xs (g/)
Trytone Xe (@) 0.1 3.6 7.1
Beef extract X7 (g/)
NaNO; Xs (g/1)
KNO; Xo (g/D) 0.1 0.6 1.1
(NH4)2SO4 X]() (g/l)
NaCl Xu (g 0.1 2.6 5.1
R Xi X X5 Xs Xs X6 X2 X5 Xo  Xo X IAA (me/l)
un ! ? ’ ! ° ¥ ! ’ ’ 10 " Predicted Observed
1 -1 -1 1 -1 1 1 -1 1 1 1 -1 11.53 11.53
2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 54.51 54.51
3 0 0 0 0 0 0 0 0 0 0 0 30.29 31.19
4 1 1 -1 1 1 1 -1 -1 -1 1 -1 49.06 49.06
5 -1 1 -1 1 1 -1 1 1 1 -1 -1 26.20 26.20
6 -1 1 1 -1 1 1 1 -1 -1 -1 1 57.82 57.82
7 -1 1 1 1 -1 -1 -1 1 -1 1 1 25.13 25.13
8 1 -1 -1 -1 1 -1 1 1 -1 1 1 21.20 21.20
9 0 0 0 0 0 0 0 0 0 0 0 30.29 30.78
10 1 -1 1 1 -1 1 1 1 -1 -1 -1 13.33 13.33
11 0 0 0 0 0 0 0 0 0 0 0 30.29 29.98
12 -1 -1 -1 1 -1 1 1 -1 1 1 1 28.09 28.09
13 1 1 1 -1 -1 -1 1 -1 1 1 -1 13.05 13.05
14 1 -1 1 1 1 -1 -1 -1 1 -1 1 24.93 24.93
15 1 1 -1 -1 -1 1 -1 1 1 -1 1 38.67 38.67

Xi-Xi1 represent respective assigned variables and response values
Predicted represents predicted response value by PBD design

Observed represents the experimental response value
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Fig. 3. Main effect plot for each variable on IAA production by P. agglomerans SRCM 119864. Stepper slope in the line shows
the greater magnitude of the main effect.

Table 3. ANOVA variance analysis for coefficients of Plackett-Burman design affecting IAA production

Variables Effect Coefficient Sum of squares Fovalue Pvalue Confidence

(X7) (Exi) (Bi) level (%)
Model 71.28 35.64 3962.80 685.14 0.0015** 99.85
Glucose -8.44 -4.22 213.60 406.23 0.0025%* 99.75
Sucrose 11.04 5.52 365.91 695.89 0.0014** 99.86
Galactose -14.10 -7.05 596.87 1135.13 0.0009%*** 99.91
Yeast extract -5.90 -2.95 104.09 197.96 0.0050** 99.50
Peptone 3.52 1.76 37.18 70.71 0.0138* 98.62
Tryptone 6.56 3.28 129.29 245.89 0.0040%* 99.6
Beef extract -8.66 -4.33 224.86 427.65 0.0023** 99.77
NaNOs -17.92 -8.96 963.38 1832.16 0.0005*** 99.95
KNO; -15.4 -7.70 712.03 1354.15 0.0007*** 99.93
(NH4),SO4 -13.22 -6.61 524.08 996.71 0.0010** 99.90
NaCl 5.52 2.76 91.50 174.02 0.0057** 99.43

*. significant at p<0.05, **: significant at p<0.01, ***: significant at p<0.001

X sodium chloride X L — tryptophan — 0.123937 ANOVA 4 ZA7E Fal 2438 289 p-value #kol
X sucrose X sucrose — 0.153479 X tryptone X tryptone 0.0001 X} wo} & FAH F44E 71zl Zo] &<l
—0.707166 X sodium chloride X sodium chloride Hom, ZAGAF(R-square)2] FL°] 0.9996% 4FE = o]

—0.342142 X L — tryptophan X L — tryptophan AAE A3 2ol 52 AP=EE
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Table 4. Hybrid design quadratic polynomial model for IAA production and response values

Level of coded variables

Factors Symbol (unit) o 1 0 . o
Sucrose Xy (g/) 2.3407 7 16 25 29.6593
Trytone Xs (g/) 1.04645 7 18.5 30 35.95355
NacCl X3 (g/) 24115 5 10 15 17.5885
L-tryptophan X4 (g 0.6514 6.1156 8 12.2315 20.1219
TIAA (mg/l)
Run X X s X Predicted Observed
1 -1 -1 +1 +1 4.53 5.09
2 -1 +1 +1 +1 4.12 3.54
3 -1 -1 -1 +1 7.50 6.92
4 0 0 0 0 62.90 62.34
5 0 0 0 0 62.90 63.00
6 +1 +1 +1 +1 2.36 2.92
7 0 0 0 0 62.90 64.00
8 +1 -1 +1 +1 4.79 4.21
9 0 0 0 +a 1.86 1.85
10 -1 +1 -1 +1 2.74 3.30
11 0 0 +a -0 5.25 5.27
12 -a 0 0 -0 45.59 45.60
13 0 +a 0 -0 4.79 4.81
14 +a 0 0 -0 10.07 10.09
15 +1 +1 -1 +1 3.61 3.03
16 0 -0 0 -0 3.60 3.62
17 0 0 0 -1 63.36 62.72
18 +1 -1 -1 +1 10.39 10.95
19 0 0 -ol -0 15.21 15.23

Xi-X4 represent respective assigned variables and response values
Predicted represents predicted response value by hybrid design
Observed represents the experimental response value

Table 5. ANOVA variance analysis for experimental results of the hybrid design (quadratic model)

Factor Sum of squares Degree of freedom Mean square F-value P-value
Model 11074.32 14 791.02 694.11 < 0.0001
X! 211.52 1 211.52 185.60 0.0002***
X2 12.51 1 12.51 10.98 0.0296*
X3 44.03 1 44.03 38.63 0.0034**
X4 487.21 1 487.21 427.52 < 0.0001
Xt X2 2.05 1 2.05 1.80 0.2509
Xt X3 3.46 1 3.46 3.04 0.1564
X1 X4 419.63 1 419.63 368.22 < 0.0001
X2 X3 9.49 1 9.49 8.33 0.0448*
X2 X4 13.99 1 13.99 12.28 0.0248*
X3 X4 14.52 1 14.52 12.74 0.0234*
X1, 1028.20 1 1028.20 902.24 < 0.0001
X2, 4203.38 1 4203.38 3688.41 < 0.0001
X3, 3188.82 1 3188.82 2798.15 < 0.0001
X4 2514.56 1 2514.56 2206.49 < 0.0001
Residual 4.56 4 1.14
Lack of fit 3.16 2 1.58 2.25 0.3075
Pure error 1.40 2 0.7008
Cor total 11078.88 18
Standard deviation 1.07 Press 8673.06
Mean 19.92 R-squared 0.9996
Coefficient of variation (%) 5.36 Adjusted R-squared 0.9981

Xi: Sucrose, X»: Tryptone, X3: Sodium chloride, X4: L-tryptophan
*: significant at p<0.05, **: significant at p<0.01, ***: significant at p<0.001
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Fig. 4. Three dimensional response surface plots of IAA production as predicted by the quadratic model. The effects of two
independent variables on IAA production are simultaneously demonstrated.
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