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Abstract

A soil sample (T42.2) was collected from a rhizosphere of Ocimum
tenuiflorum (tulsi) of Maharashtra, India and diluted to 102 after which, it
was spread on Glycerol Aspargine Agar. The colony with actinobacteria like
morpholoigical characters represented thread like structures with the cells
attached to each others with a Gram Positive nature. Biochemical characters
were catalase negative, starch and Triple Sugar Iron utilization positive. The
culture was then processed for molecular identification based on their partial
sequences of  16S ribosomal RNA genes which was identified as
Streptomyces rochei. It showed 98.45% identity with partial 16S ribosomal
rRNA gene sequence of Streptomyces rochei strain NRRI B-2410. Its
evolutionary analysis was performed with Maximum Parsimony Method by
constructing a phylogenetic tree showing its closest clade with JF304944.1:3-
769 Streptomyces sp. BN-6. The study revealed that Streptomyces rochei has
a habitat in the rhizosphere soil of Ocimum tenuiflorum (tulsi) for its further
medical applications. Further, the study showed the need of increased species
level identification data of Streptomyces genus in NCBI database to prevent
misidentifications.

Keywords: Streptomyces rochei, Ocimum tenuiflorum, 16S rRNA, Maximum
Parsimony Method, phylogenetic tree.
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1. Introduction

Actinobacteria are present in the rhizosphere regions of soil, fresh water, and marine ecosystem. Gram

positive actinobacteria have considerable potential of excellence of producing large quantity of the

secondary metabolites which are bioactive in nature (Jose, P. A., Maharshi, A., & Jha, B. 2021). They have

branching unicellular nature and they are well known for production of the antibiotics (Gopinath, B. V., &

Singaracharya, M. A. 2012).

Some of them with a novel structure and a considerable biological activity are broadly applied in medicines

and industry along with the agriculture (Uyeda, M., et al. 2001, Kurniawati, N., et al. 2016, Li. X., et

al.2021a). The soils in the forest have organisms which show antifungal activity (Azish, M., et al. 2020).

From the actinomycetes group, a genus known as Streptomyces, has a diverse range of metabolic abilities

leading to their consideration as a bacteria of a higher value in industry as well as in natural environments

(Kumar, M., et al. 2023). In addition, Streptomyces produce 80% of the antibiotics (Yun, T. Y. et al. 2018).

Moreover, many bioherbicides, insecticides as well as antifungal compounds are produced by Streptomyces

(Barka, E. A., et al. 2016).

The activity of Streptomyces against fungi was observed in many studies (Rey, T., & Dumas, B. 2017,

Tamreihao, K., et al. 2018, Sholkamy, E. N., et al. 2020, Gebily, D. A., et. al 2021). In addition, the genus

Streptomyces produces the bioactive natural products (Sapna Devi et al. 2023). Besides, this genus has an

ability to make antifungal compounds, antihypertensive medicines, antitumor compounds, and the materials

that acts against viruses (Omura, S et al. 2001, Khan, S. T., et al. 2011, Patzer, S. I., & Braun, V. 2010,

Procopio, R. E. D. L., et al. 2012, Franco-Correa, M., et al. 2010).

Further, Streptomyces rochei strain HF391 has potential antifungal activity against A. fumigatus (Hadizadeh,
S., et al. 2015), which is a human pathogenic fungi (Denning, D. W. 1998, Morgan, J. et al. 2005), and
against Fusarium oxysporum (Kanini, G. S., Katsifas et al. 2013, E., E., A., A., T., & M., E. 2022) that is
reported to cause human infections (Zhang, Y., et al 2020). In addition, Streptomyces species was reported
from the rihizospheric soil of Ocimum tenuiflorum (Ayswaria, R., et al. 2023). However, the presence of
Streptomyces rochei in the same habitat has been not studied yet. Therefore, in the present study, the
Streptomyces rochei was isolated from the rhizospheric soil of Ocimum tenuiflorum (tulsi) and identified by
16S rRNA gene sequence for its further medical applications. Furthermore, the study reported the need of
high species level identification data in NCBI database regarding Streptomyces species to perform robust and
reliable identifications.

2. Materials and Methods
Isolation
A Rhizospheric soil sample of Ocimum tenuiflorum (tulsi) was collected from Karad, Maharashtra State of
India The collected sample was diluted in distilled water at a ratio of 1 gram per 100 milliliters, and serial
dilutions were subsequently performed up to 102. The diluted test sample was then spread onto Glycerol
Aspargine Agar plate (Meenakshi, S., et al. 2024) using the spread plate technique. Following this, the
plates was incubated at 28°C (Kumar, N., et al 2010) for 4-6 days (Shepherd, M. D., et al. 2010). The
colonies displaying the morphological characteristics of actinobacteira were isolated, purified, and subjected
to molecular identification by cultivating it in the slant (figure 1) through Progenome Life Science,
Sambhajinagar, Maharashtra, India.
Characteristics
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The biochemical tests (Triple Iron Sugar (Cappuccino JG, Sherman N. Microbiology.2004), Catalase
(Lertcanawanichakul, M., & Sahabuddeen, T. 2023), Starch hydrolysis (Collee JE, et al 1996) were
performed along with microscopic and Gram's nature analysis (Benson HJ. 1994) of the isolated culture.

DNA Extraction, Polymerase Chain Reaction, cycle sequencing, DNA sequencing, Sequence
alignment and assembly
The DNA of isolated culture was extracted by Nucleospin Microbial DNA Kit and its quality was checked by
1% agarose gel electrophoresis. Partial fragment of 16S ribosomal rRNA gene was amplified by 27_F and
1492 R primers. A single discrete PCR amplicon band was observed by 1.2 % agarose gel after
electrophoresis. The PCR amplicons was purified to remove contaminants. Forward and reverse DNA
sequencing reactions of PCR amplicon was carried out using BDT v3.1 Cycle sequencing kit on ABI 3730xI
Genetic Analyzer. PCR product was processed for cleanup to remove unincorporated nucleotide and residual
primers using Exonuclease-l1 and Shrimp Alkaline phosphatase enzyme followed by cycle sequencing
reactions using BigDye® Terminator v.3.1 Cycle Sequencing Kit (Applied Biosystems, Inc.).
The Cycle sequencing was followed by a sequencing cleanup by ethanol precipitation followed by dissolving
template in HiDi formamide and bidirectional sequencing in ABI 3730 Genetic analyzer. PCR product was
then processed for direct bi-directional sequencing using ABI PRISM 3730x1 Genetic Analyzer (Applied
Biosystems, USA). Consensus sequence of 16S ribosomal rRNA gene was generated from forward and
reverse sequences using Bioedit software. The 16S ribosomal rRNA gene sequence was used to carry out
Basic Local Alignment Search Tool (BLAST) with the database of NCBI.
The resulting DNA sequence was aligned using CLUSTALW in MEGA 11, manually trimmed and edited to
obtain complete sequence. The confirmation of species was made by the sequence similarity score.
Homology searches were carried out using the BLASTn program against the NCBI GenBank database
(https://blast.ncbi.nlm.nih.gov/Blast. cgi).
3.Result

Morphological and Gram's Characters with biochemical features
The isolated culture showed grey colored colonies (Kumar, M., et al. 2023) which were hard to remove from
the agar (figure 1). Under 45X objective of the microscope, the culture showed thin thread like structures
with cells attached to each other (figure 2). The Gram staining of a culture displayed Gram positive nature
(figure 3). The Triple Sugar Iron test showed development of reddish black color without gas production as
compared to control in which no color change reported (figure 4). The catalase test was found to be negative
(figure 5a) whereas starch hydrolysis was found to be positive (figure 5b).
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Figure 2: The culture showed thread like structure Under 45X objective showing cells attached with each other.

Figure 3: Gram positive nature of the isolated culture.
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Figure 4: Triple Sugar Iron Utilization Test of Streptomyces roche in the duplicate test tubes.
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Figure 5b: Streptomyces rochei hydrolysed starch medium to produce zone of clearance (from right-first and second plate). In
the control plate (from right, first plate), no zone of clearance was reported since there was no Streptomyces rochei culture.

4.Result
Partial 859 base pair (bp) sequence of 16S rRNA gene of Streptomyces roche was submitted in the database
of National Center for Biotechnology Information (NCBI) with accession number PP856680.
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5.Evolutionary analysis by Maximum Likelihood method
The phylogenetic analysis of the obtained partial 16S rRNA gene sequence of Streptomyces rochei was
performed (figure 6). The evolutionary history was inferred by using the Maximum Likelihood method and
Tamura-Nei model (Tamura K. and Nei M. 1993). The bootstrap consensus tree inferred from 500 replicates
(Felsenstein J. 1985) is taken to represent the evolutionary history of the taxa analyzed. Branches
corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. The percentage of
replicate trees in which the associated taxa clustered together in the bootstrap test 500 replicates are shown
next to the branches (Felsenstein J. 1985). Initial tree (s) for the heuristic search were obtained automatically
by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the
Tamura-Nei model, and then selecting the topology with superior log likelihood value. This analysis
involved 21 nucleotide sequences. There were a total of 859 positions in the final dataset. Evolutionary
analyses were conducted in MEGA11 (Tamura K., Stecher G., and Kumar S. 2021). The Streptomyces rochei
represented by sample ID SEQ-24-0210-T42.2-27F showed the closest clade with JF304944.1:3-769
identified as Streptomyces sp.

6. Discussion
In the study, the DNA of Streptomyces rochei was extracted by Nucleospin Microbial DNA Kit and its
quality was checked by 1% agarose gel electrophoresis. Partial fragment of 16S ribosomal rRNA gene was
amplified by 27_F and 1492_R primers. Similar observation was reported by Azish, M., et al. (2020) who
used primers 27F and 1492R for amplification of 16S rRNA gene sequence of Streptomyces angustmyeticus
(H-57) and Streptomyces libani (1-65). To add, Gopinath, B. V., & Singaracharya, M. A. (2012) amplified
16S rDNA fragment by 16S rDNA universal forward primer 8F in contrast the 27_F primer used in the study
for the amplification of forward DNA strand. However, authors used 1492R as a primer to amplify the
reverse DNA strand of 16S rDNA identical to the conducted study.
Moreover, Elsilk, S. E., et al. (2022) reported that novel Streptomyces rochei MS-37 isolated from marine
ecosystem showed a separate clade in the phylogenetic tree when analyzed with Streptomyces sp. NK01103
(LC48879), Streptomyces sp. strain T.S.A.KP (MN 911386), Streptomyces rochei strain BF3Al
(OM746935), Streptomyces rochei strain APS29 (MH021962), Streptomyces rochei UAE 1-3 (MN795133),
Streptomyces maritimus  strain UP1A-1 (MT279914), and Streptomyces rochei strain SCSIO ZJ89
(MF104551). Authors found that Streptomyces rochei strain SCSIO ZJ89 (MF104551) formed closest clade
to Streptomyces rochei strain MS-37. In contrast, our study showed that Streptomyces rochei strain (indicated
as SEQ-24-0210-T42.2-27F in the phylogenetic tree) formed the closest clade with JF304944.1:3-769
Streptomyces sp. BN-6 based on 16S riobosomal RNA gene partial sequence phylogeny analysis (figure 6).
This appeals the need of species level identification of the Streptomyces sp. before submission to the NCBI
DNA sequence database to avoid misidentification practices.
5.Conclusion
The rhizospheric soil of Ocimum tenuiflorum (tulsi) belonging to Karad, Maharshtra, India possesses 16S
ribosomal rRNA gene sequence identification based Streptomyces rochei strain. There is a requirement of
preventing misidentifications of Streptomyces species by increasing the data of species level identifications
in NCBI database.
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JF304944 .1:3-769 Streptomyces sp. BN-6 16S ribosomal RNA gene partial sequence
MH549248.1:20-792 Streptomyces sp. clone ZYP8 16S ribosomal RNA gene partial sequence
MF289405.1:29-800 Uncultured Streptomyces sp. clone MJC20 16S ribosomal RNA gene partial sequence

PP702115.1:14-785 Streptomyces rochei strain INA 01452 16S ribosomal RNA gene partial sequence

— OQ933451.1:62-833 Streptomyces sp. strain MHO1 16S ribosomal RNA gene partial sequence

- MT276256.1:10-781 Streptomyces rochei strain NRRI B-2410 16S ribosomal RNA gene partial sequence

— MT605148.1:90-861 Streptomyces sp. strain AS101 16S ribosomal RNA gene partial sequence

'— OR501415.1:45-816 Streptomyces viridochromogenes strain NEAA-5 16S ribosomal RNA gene partial sequence
— PP002448.1:59-830 Actinomycetales bacterium strain D23E01 16S ribosomal RNA gene partial sequence

- 3 .- OR195348.1:10-781 Streptomyces rochei strain RG3 16S ribosomal RNA gene partial sequence
s — PP002443.1:61-832 Actinomycetales bacterium strain D21E0S 16S ribosomal RNA gene partial sequence

0Q874700.1:43-814 Streptomyces maritimus strain DT 16S ribosomal RNA gene partial sequence

0 OR492301.1:24-795 Streptomyces rochei strain SUN1 16S ribosomal RNA gene partial sequence
s .- OP740834.1:31-802 Streptomyces rochei strain VL-16 16S ribosomal RNA gene partial sequence
PP029275.1:23-794 Streptomyces djakartensis strain JA24607 16S ribosomal RNA gene partial sequence

|

5 OR492299.1:5-776 Streptomyces rochei strain SUN35 16S ribosomal RNA gene partial sequence
s — OQ933454.1:56-827 Streptomyces sp. strain MH11 16S ribosomal RNA gene partial sequence

MWO077167.1:16-787 Streptomyces sp. strain PU-Amt14 16S ribosomal RNA gene partial sequence
0 ON626505.1:22-793 Streptomyces rochei strain A1 16S ribosomal RNA gene partial sequence

s .- OL414769.1:7-778 Streptomyces rochei strain E1 16S ribosomal RNA gene partial sequence

Figure 6: The phylogeny analysis of the Streptomyces rochei with equivalent 16S gene sequences deposited in NCBI nucleotide
database.
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