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ABSTRACT:

Indole acetic acid is one of the most significant physiologically active auxins. Indole Acetic Acid
(IAA) is a typical product of L-tryptophan metabolism and is produced by several
microorganisms, particularly Plant Growth- Promoting Rhizobacteria. The bacterial enzyme
tryptophanase can cause the oxidation of Tryptophan, an essential amino acid. The present work
deals with isolation and screening of Streptomyces sp. for 1AA production. A total of 18
Streptomyces spp. were isolated from the rhizosphere soil of maize. Colorimetric estimation was
carried out for the estimation of 1AA at 530nm using Salkowsky reagent. The equations obtained
from the standard curve were used to determine the 1AA concentration produced by the isolates.
The isolate SDSRO-2 used to have the highest IAA production (Indole-3-Acetic Acid). The
culture filtrate of spore size 10° mg/ml was used for the In vitro seed treatment. The growth
parameters such as percentage of seed germination, root length, shoot length, and vigour index
were measured with the control. The isolate SDSRO-2 showed good results compared to control
treated with distilled water.The conclusion is that the selected strain of Streptomycessp. SDSRO-
2 can be used to promote the growth of the crop plants.

KEYWORDS: Streptomyces sp. Indole-3- acetic acid, Molecular characteristics, In vitro
seedling tests.

INTRODUCTION:

Actinomycetes are Gram-positive, aerobic, spore-forming microorganisms that form aerial and
substrate mycelium. They are classified as belonging to the Actinomycetales order. They are the
most common creatures, forming thread-like soil filaments and emitting the distinct, "earthy"
odor of soil'. Actinomycetes were long been recognized as a significant source of biological
compounds of agricultural use. Employing microbial consortia in the form of bio fertilizers to
reduce the usage of chemical fertilizers is now a hot topic for research in the fields of agriculture,
microbiology, and biotechnology?.

VOLUME 22 : ISSUE 05 (May) - 2023 Page No:731


mailto:savitasandur9@gmail.com

YMER || ISSN : 0044-0477 http://ymerdigital.com

Phytohormones are those of carbonic composites which are able to control physiological
processes of plants in low densities®. Plants respond to many environmental factors such as light,
gravity, water, inorganic nutrients, and temperature. Different hormones affect different plant
processes*. These microorganisms support is essential for growth and development through a
wide range of mechanisms (direct and indirect), including the recycling of nutritional elements,
atmospheric nitrogen fixation, mineral solubilization (phosphorus), and phytohormone
production (e.g. auxins, cytokinins, and gibberellins). These microorganisms also assist the plant
in trying to cope with a variety of biotic and abiotic stresses through a variety of mechanisms,
such as 1 aminocyclopropane carboxyinsecticides, and associated agrochemicals, without
affecting the plant yield®. 1 Aminocyclopropane carboxylate (ACC) deaminase activity can cause
the deposition of harmful ions in certain plants and restricts water intake. It also releases
enzymes and produces siderophores. Plant growth-promoting (PGP) strains can be a useful
strategy for increasing crop output and reducing the negative effects of salt stress®

Owing to its significance as a phytohormone, auxin controls practically all aspects of plant
growth and development’. Based on the coleoptiles curvature bioassay, the name "auxin," which
comes from the Greek word "auxein,” which means "to grow or to expand,” was developed to
characterize compounds having signaling action. The true auxin was ultimately revealed to be
heteroauxin, which was chemically determined to be indole-3-acetic acid (IAA).

The potential of the bacterial isolates from the rhizosphere region of various crops to synthesize
indole acetic acid as a secondary metabolite is induced by the availability of substrates in this
region®. Actinomycetes have primarily been exploited in the pharmaceutical industry since the
1940s, but relatively few have been created as industrial plant products for use in agriculture®.
Streptomycetes were long been thought of as purely free-living soil organisms, but more
subsequently, the significance of their complex interactions with plants and other species has
been recognized®.

Materials and methods:

Isolation and Screening of Streptomyces spp. for IAA production

A soil sample from the rhizosphere was obtained from a field of maize. 1% CaCO3 was
incorporated into one g of soil to grow actinomycetes till 10, the soil was serially diluted on a
medium of starch, casein, and nitrate. Plates were inoculated with 1.0 ml of a soil sample
suspension individually and incubated for 14 days at 28° C. Actinomycetes colonies were
carefully isolated from the plates after 14 days to avoid bacterial or fungal contamination. For 14
days, the isolated plates were maintained at 28 °C. Purified actinomycetes colonies were
incubated at 28 °C for seven days. Actinomycete pure cultures were maintained in suspensions
of 20% glycerol at -20° C1%,
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Screening of Streptomyces sp. for IAA production

Colorimetric estimation of Streptomyces spp. for IAA production

The Patten and Glick (2002)*? approach was modified in order to calculate the IAA content. In
100 ml flasks with 25 ml ISP-2 media supplemented with 0.2% L-Tryptophan at 28° C for 5 days
on a rotary shaker, 100 micro liter spore suspension (10® CFU/ ml) was produced. Centrifugation
was employed to separate the cells for 15 minutes at 10,000 rpm. Finally, the supernatant was
treated with 2 ml of Salkowski reagent. In a UV-Vis Spectrophotometer, the pink auxin
complex’s absorbance was measured at 530 nm. The standard IAA curve was produced using
dilutions of a standard IAA solution and the uninoculated medium with the reagent as a control*3.

IAA Standard curve

The 1AA concentration obtained by isolates was calculated using equations derived from the
standard curve. The isolates were inoculated with 45 ml of ISP-2 medium that was 0.2% L-
tryptophan enriched, and were then incubated in a Shaker for five days to determine the IAA
concentration. For the production of IAA, 1 ml of filtered supernatant and 1 ml of salkowski
reagent was added and left for 30 minutes in dark conditions for the development of pink color.
The absorbance is read at a wavelength of 530 nm using a spectrophotometer. IAA concentration
in the media was calculated using the IAA standard curve!*,

Fermentation

The isolate which showed highest IAA production was grown in 250ml Erlenmeyer flask
containing 100ml of ISP-2 broth medium. The flask was inoculated with Streptomyces sp.
SDSRO-2 and incubated at 28+2° C for 7days. After incubation, the broth was filtered through
Whatmann filter paper and the cell free suspension was used for seed treatment for the PGP
activity*®,

Inoculum preparation for In vitro seed germination assay
Streptomyces isolate SDSRO-2 was grown on the ISP2 agar at 30°C for one week. The spore
suspension was adjusted to 10° spores/mL.

In-vitro activity of Streptomyces sp. SDSRO-2 for IAA production

Four varieties of seeds were used, Chilli, Wheat, Maize and Sorghum seeds were surface
sterilized by using the method of Khalid et al. (2004). Sterilized seeds were soaked for 1h in the
suspension and dried under laminar flow hood overnight. For control, seeds were dipped in
distilled water only. Germination assay was performed by using Streptomyces isolate SDSRO-2
treated, Chilli (Capsicum annuum), wheat (Triticum aestivum), Maize (Zea mays) and Sorghum
(Sorghum bicolor) seeds were surface sterilized according to the protocol described by
Indananda et al. (2010). Four healthy seed varieties were cleaned soaked in distilled water for an
hour, surface sterilized with 70% ethanol for 5 minutes, treated with 2% H202 for 5 minutes,
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and then given five washes with sterile distilled water. The seeds were placed on moist sterile
tissue paper and stored at 28°C. The seeds were supplied with 2 ml distilled water for 2—-3 days
to promote seed germination under dark conditions. After one week, effect of Streptomyces
isolate SDSRO-2 on root length, shoot length and number of roots were observed.

16S rRNA _Analysis

Using a spin column kit (made by HiMedia, India, or comparable manufacturers), chromosomal
DNA was extracted. 16S rRNA gene of bacteria (1500 bp)*®. Exonuclease 1 and Shrimp Alkaline
Phosphatase (Exo-SAP) were used to purify 18 after it had been amplified using polymerase
chain reaction in a thermal cycler'®. The ABI 3500xL genetic analyzer used the Sanger technique
to sequence purified amplicons. The closest culture sequence from the National Centre for
Biotechnology Information (NCBI) database, along with sequencing files (.abl) that had been
edited with CHROMASLITE (version 1.5), were examined using the Basic Local Alignment
Search Tool (BLAST), which identifies regions of local similarity between sequences. Utilising
sequence databases?, the programme compares nucleotide or protein sequences to determine the
statistical significance of matches. The BLAST algorithms are used to infer functional and, in
addition to identifying members of gene families. Start by looking for type strain sequences that
may be closely related using the BLASTN tool (ii). Pair-wise alignment will show how similar
the query sequence and the sequences found in step | are to one another?. The top five to ten hits
found in the mentioned database are therefore included with each isolate's report. It is thus
advised to do further multiple sequence alignment and phylogenetic analysis to accurately
determine species and their evolutionary relationships®%23,

Results:

Isolation of Streptomyces spp.

Rhizosphere soil sample was collected from the maize agriculture field. Collected soil was
serially diluted till 108 The plates were incubated at 27+2° C for 14 days. After incubation
Actinomycetes colonies were observed (Figure 1).

Figure 1: Actinomycetes colonies on SCN plates
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Eighteen isolates were subjected for IAA production and were designated as SDSRO-1 to
SDSRO-18. All the isolates showed varied morphological characteristics. The colony
morphology appeared granular, powdery, rugose and radiating.

Colorimetric estimation of IAA by Streptomyces spp.
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Figure 2: Colorimetric estimation of IAA by Streptomyces spp.

All the 18 isolates were tested for IAA production. IAA production for each isolate of
Streptomyces was quantified using a colorimetric estimation. Before IAA measurement, all
Streptomyces isolates were grown in 150 ml ISP2 liquid medium supplemented with 0.2% L-
Tryptophan and incubated in an agitated incubator at 120 rpm at room temperature (27+2 °C) for
5 days. Salkowski reagent is combined with approximately 1 ml of culture supernatant, and the
mixture was then incubated for 30 minutes in the dark. IAA production was observed by
changing color from pink to red (Fig. 2). IAA concentrations of all the isolates were calculated
based on the standard curve (Fig. 3). Each sample was tested in triplicates.

Table 1: In vitro quantitative estimation of IAA by Streptomyces spp.

No. Isolate code IAA
concentration”
(Hg/ml)

1 SDSRO-1 2.08

2 SDSRO-2 9.15

3 SDSRO-3 5.63

4 SDSRO-4 2.7

5 SDSRO-5 3.3

6 SDSRO-6 1.8

7 SDSRO-7 6.32

8 SDSRO-8 1.05

9 SDSRO0-90 5.05

10 SDSRO-10 2.32

11 SDSRO-11 0.56

12 SDSRO-12 2.12
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13 SDSRO-13 4.56
14 SDSRO-14 5.32
15 SDSRO-15 2
16 SDSRO-16 4.95
17 SDSRO-17 1
18 SDSRO-18 1.34

Note: “ The data were calculated from duplo measurement.
The concentration of IAA produced by the 18 Streptomyces isolates in a 5 days old ISP2 medium
containing 0.2 ml of 0.2% of L-Tryptophan.
Among 18 isolates which were able to produce IAA. The isolate SDSRO-2 is found to be very
high producer (9.15ug/ml) than the other rest whereas the least producer of IAA was SDSRO-11

(0.56pg/ml) (Table 1).
IAA standard curve
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Figure

3: 1AA Standard curve
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Figure 4: Quantitative tests for IAA production by Streptomyces isolate
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All the Streptomyces isolates were positive for IAA production. The isolate SDSRO-2 was
highest producer of IAA and isolate SDSRO-11 was very least producer of IAA (Figure 4).

Effect of culture filtrate treatment on seeds germination and vigour index

Table 2: Effect of culture filtrate treatment on seeds germination and vigour index

Seeds Root length | Shoot % of seed | Vigour index
(cm) length(cm) germination

Chilli Control 0.47£0.035 0.85+0.070 57.75+£3.181 | 124.2+0.0136
Treatment 1.80+0.141 2.20+0.282 85+7.021 212.5+0.0132

Wheat Control 1.75+0.070 2.25x0.777 50+2.071 126+0.0321
Treatment 5.65+0.353 4.55+0.494 90+4.074 474.12+0.013

Maize Control 1.6£0.565 4.75+0.353 65+2.021 159.25+0.0213
Treatment 7.9+2.262 8.25+£1.060 90+3.01 405%0.0221

Sorghum Control 1.8+0.989 7.9+0.848 55+3.535 212.62+0.0142
Treatment 4.0+1.838 11.35£1.343 | 92.5+3.535 434.75+0.0121
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The significant effect of plant growth promotion of chilli seedlings by the culture filtrate of the
isolate SDSRO-2 showed substantial increase in root length (1.80+£0.141cm) and shoot length
(2.20+0.282cm). The seedling vigour index was found to be (212.5+£0.0132) (Table 2).

The effect of plant growth promotion activity of wheat seedlings by the culture filtrate of the
isolate  SDSRO-2 showed increase in root length (5.65+0.353cm) and shoot length
(4.55£0.494cm). The seedling vigour index was found to be (474.12+0.013) (Table 2).

The effect of plant growth promotion activity of maize seedlings by the culture filtrate of the
isolate  SDSRO-2 showed increase in root length (7.9£2.262cm) and shoot length
(8.25+1.060cm). The index of seedling vigour found to be (405+0.0221) (Table 2).

The effect of plant growth promotion activity of sorghum seedlings by the culture filtrate of the
isolate SDSRO-2 showed increase in root length (4.0£1.838cm) and shoot length
(11.35+1.343cm). The seedling vigour index was found to be (434.75+0.0121) (Table 2).

In vitro seedling test of Streptomyces sp. SDSRO-2

In vitro seedling test was carried out on Chilli, Wheat, and Maize and Sorghum seeds. The seeds
were treated with seven days old cell-free culture suspension of the potent isolate S-2 and control
was treated with distilled water for 7 days. The seeds treated with SDSRO-2 were showed
highest plant growth promoting parameters compared to control (Fig.6).
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Control Treated Chilli seedlings

Control Treated wheat seedlings

Control

Control Treated Sorghum seedlings
Figure 6: In vitro seedling tests on Chilli, Wheat, Maize and Sorghum seeds

16S rDNA gene sequence analysis of SDSRO-2
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@SDSRO2 Streptomyces diastaticus contig

Streptomyces diastaticus strain SDSRO2 16S ribosomal RNA gene, partial sequence

Streptomyces diastaticus subsp. ardesiacus strain PP10 16S ribosomal RNA gene, partial s...

Streptomyces diastaticus strain DSD1912 16S ribosomal RNA gene, partial sequence

Streptomyces diastaticus strain DSD3040 16S ribosomal RNA gene, partial sequence
a Streptomyces diastaticus strain DSD299 16S ribosomal RNA gene, partial sequence

Streptomyces diastaticus strain KOA 16S ribosomal RNA gene, partial sequence

Streptomyces diastaticus strain XY188 16S ribosomal RNA gene, partial sequence

Streptomyces diastaticus strain AIM1 16S ribosomal RNA gene, complete sequence

Streptomyces diastaticus strain ACTO9FSL 16S ribosomal RNA gene, partial sequence

Streptomyces sp. strain MDF1 16S ribosomal RNA gene, partial sequence
Figure 7:Phylogenetic tree showing the position of Streptomyces sp. The 16S rDNA gene
sequence analysis was used to identify SDSRO-2. The neighbor-joining technique was used
to build the tree. The strain of Streptomyces diastaticus served as the out group.
Streptomyces sp. SDSRO-2 was identified as S.diastaticus according to its 16S rRNA gene

sequence (Fig.7).

Discussion:

The most dominant phylum in rhizosphere that has an important economic impact due to its
secondary metabolites production is actinobacteria®*. More than 30% of total rhizospheric soil
micro biota belongs to actinobacteria. Genus Streptomyces represents more than 95% of all
rhizospheric actinobacteria®>%,

In the present study, we isolated 18 Streptomyces spp. All the 18 isolates were screened for IAA
production. Among the 18 isolates SDSRO-2 was the highest producer of IAA (9.15ug/ml)
(Table 1, Fig. 4). The potent isolate SDSRO-2 was then subjected for In vitro seedling test for
the observations of different growth parameters of the four varieties seeds. Chilli (Capsicum
annuum), wheat (Triticum aestivum), Maize (Zea mays) and Sorghum (Sorghum bicolor) seeds
were used for the treatmentscompared with control. The growth parameters of all four varieties
of seedlings after inoculation with SDSRO-2 were significantly higher than control. Similar
results were obtained by Sheela Chandra et al. (2018) in green house conditions.

Auxins are synthesized by various regions of plants to control various developmental processes.
Indole-3-acetic acid, a phytohormone that is crucial for plant growth, can help its host survive
stressful situations including drought and pathogen infections? 2°. Similarly, it promotes lateral
root development and height in plants, as well as seedling growth and cell differentiation®. IAA
synthesis by several rhizospheric bacteria has already been described, as the various IAA
biosynthetic pathways utilized by them?Z.

Idris et al. (2007) also showed that the secretion of IAA can be enhanced by the addition of
tryptophan in medium. The increased amount of IAA produced by these bacteria in the medium
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used was due to the presence of L-tryptophan. When compared to seedlings treated with sterile
distilled water as a control, SDSRO-2 inoculating Chilli, Wheat, Maize, and Sorghum seedlings
had greater levels of activity that promoted plant development. The IAA results of this
investigation are consistent with earlier findings of bacterial production of IAA.

According to studies, the endophytic Streptomyces species (S.astrovirens, S.olivaceoviridis,
S.rimosus, S.rochei, and S.viridis) that generate IAA promoted root elongation, growth, and seed
germination in plants®34, According to Matsukawa et al. (2007) and Chinenyenwa et al. (2020),
IAA exhibited higher cell differentiation, sporulation, and hyphal extension in Streptomyces
atroolivaceus. When compared to control, the streptomyces isolate SDSRO-2 directly increased
the vigour index and seed germination of sorghum, wheat, and chilli seeds.

Conclusion:

This research emphasized the importance of Actinomycetes, which are naturally capable of
producing beneficial substances like IAA for plant development in agricultural fields.
Specifically, it helped us comprehend the significance of the Streptomyces species role as PGP
(Plant Growth Promoting) activity, which is often present in soil rhizosphere. To enhance crop
yield, it may be beneficial to improve the nation's existing agricultural practices. It has been
demonstrated to be an effective method for more sustainable agriculture that is also inexpensive
and environmentally beneficial.

Aknowledgement: Authors are thankful to the Principal, Sahyadri Science College,
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