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ABSTRACT
To address the problem of antibiotic resistance in pathogens, our research aimed for endophytic actinobacteria,
producers of a diverse array of significant bioactive metabolites. Endophytic actinobacteria SIRS was isolated from
roots of Sphaeranthus indicus Linn. and was identified to be Actinoalloteichus cyanogriseus via 16S rRNA
sequencing. With the accession number MK793584, the gene sequence was deposited to NCBI. In the current
study, a rare actinobacteria Actinoalloteichus cyanogriseus, has been reported as an endophyte for the first time.
Both Microbial Type Culture Collection (MTCC) and Clinical Cultures (CC) were used to investigate the
antimicrobial property of the bioactive chemicals synthesized by A. cyanogriseus SIRS. A significant zone of
inhibitions was recorded against clinical cultures: B. cereus (12.16+0.16 mm), Candida albicans (12.83+£0.44 mm),
E. coli (15.33+0.33 mm), S. epidermidis (11.50+0.28 mm) and MTCC pathogens: B. cereus (11.16+0.16 mm), B.
subtilis (13.33+£0.16 mm), P. aeruginosa (13.33£0.33 mm), S. epidermidis (12.33£0.33 mm). The production of
bioactive compound was enhanced by optimization using one factor at a time (OFAT), which was achieved with
modified ISP-4 medium (starch - 1% w/v, NH4sNOs - 1% w/v, CaCOs - 2 g/l, Ko;HPO4 - 1 g/1, MgSO4- 1 g/l, NaCl -
1g/1, trace solution - 1 ml/l) with inoculum size - 13%, incubation period - 16 days, pH - 8.0 and temperature - 28°C.
Keywords: Actinoalloteichus  cyanogriseus, Bioactive Compounds, Antimicrobial Activity, Endophytic

Actinobacteria
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INTRODUCTION

The increased multidrug resistance (MDR) in pathogens as a result of anthropogenic activities in addition
to natural processes (through hereditary changes, efflux pump, B lactamases, etc.) is alarming for public
health and modern medicine.!? The situation has resulted in reduced effectiveness of approved antibiotics
and thus efforts are being made to find efficient and broad-spectrum antibiotics from actinobacteria which
are potential producers of diverse metabolites. Since currently available antibiotics are mainly derived
from soil actinobacteria, research on endophytic actinobacteria is underway to replace repetitive
discovery of known antibiotics. Endophytic actinobacteria are more likely to be involved in the metabolic
pathway of the host plant and thus chances of production of some potential novel bioactive metabolites in
addition to chemically similar ones are more.* Taxane (taxol), an anticancer compound produced by the
plants Taxus brevifolia and Taxus baccata, has also been obtained from its endophyte Micromonospora
sp. and Kitasatospora sp. respectively,* possibly evidencing the involvement of both in their metabolism.
Thus to ascertain more efficient compounds, recent research has focused on rare endophytic
actinobacteria, an underexplored group of microorganisms.

In this study, a rare actinobacteria, Actinoalloteichus cyanogriseus strain SIRS was procured from the root
tissue of medicinal weed Sphaeranthus indicus from Raipur, Chhattisgarh and its antimicrobial activity
was observed against MTCC and Clinical pathogens. Previously, A. cyanogriseus has been isolated from
the soils of China and the strain was authenticated to be of family Pseudonocardiaceae, based on
phylogenetic analysis.’ Bioactive alkaloids, caerulomycins and cyanogramide, obtained from marine A.
cyanogriseus, exhibited significant antibacterial, antifungal, anticancer and antiamoebic activity.®®
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Chhattisgarh has tremendous diversity and abundance of ethnomedicinal plants, but only a few
endophytic actinobacteria have been reported so far.” Therefore, the present research focused on
endophytic actinobacteria from this underexplored province.

EXPERIMENTAL
Materials and Methods
Isolation of Endophytic Actinobacteria
Blooming S. indicus plants were collected from the vicinity of Pt. Ravishankar Shukla University, Raipur,
Chhattisgarh. The root tissues were processed aseptically within 24h of collection following Chandrakar
& Gupta, 2015.!° The surface-sterilized root tissues were then inoculated either directly on the growth
medium or were macerated and spread on ISP-1, starch casein nitrate agar (SCN agar) and yeast extract
malt extract agar media. The growth of other endophytic fungus and fast-growing bacteria was inhibited
by the addition of cycloheximide/ nystatin (50 pg/ml) and nalidixic acid (50 pg/ml), respectively to the
culture media. The incubation period provided was 21 days at 28°C.

Morphological Characterization

The morphological characteristics such as growth pattern, colony nature, pigmentation, aerial and
substrate mycelium of A. cyanogriseus were observed on seven different culture media; ISP-3, ISP-4,
ISP-5, ISP-6, ISP-7, glucose soybean meal agar (GSMA) and SCN agar.'"!'> The spore chain morphology
was analyzed under the light microscope (Leica DM 1000) and scanning electron microscope (SEM).

16S rRNA Gene Sequencing and Phylogenetic Analysis

Extraction of the genomic DNA and PCR amplification of the strain SIRS was done using ZR Bacterial
DNA  Mini Prep kit (Make Zymo  Research) and  universal primers  27F
(AGAGTTTGATCCTGGCTCAG) and 1492R (TACGGYTACCTTGTTACGACTT), respectively.
QIAquick Gel Extraction Kit (Qiagen) was utilized for purification of the amplicon and Sanger DNA
sequencing method was applied for obtaining the purified product. The analysis of obtained gene
sequence was done by Finch TV software version 1.4. The constructed sequences of 16S rRNA gene were
compared via BLAST tool in EzBiocloud portal (http://www.ezbiocloud.net/). The neighbor-joining
approach was used to create a phylogenetic tree for strain SIRS by MEGAG6 software.

Test Pathogens

MTCC pathogens: Bacillus cereus (MTCC-430), Bacillus subtilis (MTCC-441), Staphylococcus aureus
(MTCC-96), Staphylococcus epidermidis (MTCC-435), Escherichia coli (MTCC-1687), Klebsiella
pneumoniae (MTCC-3384), Proteus vulgaris (MTCC-744), Pseudomonas aeruginosa (MTCC-741),
Aspergillus niger (MTCC-872) and Candida albicans (MTCC-183) were acquired from Microbial Type
Culture Collection and Gene Bank, IMTECH Chandigarh. Clinical cultures (CC) of B. cereus, B. subtilis,
S. aureus, S. epidermidis, E. coli, K. pneumonia, P. vulgaris, P. aeruginosa, A. niger and C. albicans
were obtained from Jawaharlal Nehru Medical College, Raipur, Chhattisgarh, India.

Antimicrobial Activity

Primary Screening

A. cyanogriseus SIRS was screened for its antimicrobial potential against the test pathogens by the cross-
streak method.'> Growth inhibition was noted as complete inhibition (CI), declined growth (DG) and
uninhibited growth (UG).

Secondary Screening

The secondary screening was performed against test pathogens, using the disc diffusion method.'* Briefly,
A. cyanogriseus was inoculated and incubated in 50 ml of SCN broth for 14 days at 28°C and 150 rpm.
The sterile disc was then loaded with crude filtrate, placed on the plates inoculated with test cultures and
left for incubation at 37°C for 24 h. The antimicrobial activity was measured in terms of the diameters of
halos generated. Standard antibiotic discs viz., tetracycline (10 pg) and chloramphenicol (10 pg) were
used as control.
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Optimization of Culture Conditions Using One Factor at a Time (OFAT) Method

Various physical, chemical and nutritional parameters were optimized by the OFAT method by varying a
particular parameter and keeping the other factors constant. The most appropriate nutrition medium was
selected from different culture media namely; Czapek-Dox broth (CZB), glucose soybean meal broth
(GSMB), glycerol asparagine broth (GAB), ISP-4 broth, nutrient broth (NB), oat meal broth (OMB), SCN
broth, soybean meal broth (SMB), tyrosine yeast extract broth (TYEB) and yeast extract malt extract
broth (YEMEB). Strain SIRS was inoculated and incubated in 100 ml of each culture medium at 28°C for
14 days at 150 rpm and then the antimicrobial activity of each of the culture filtrates was investigated.
Various physical parameters affecting the production of antimicrobial compound were analyzed by taking
different ranges of particular parameter such as inoculum size (1, 3, 5, 7, 9, 11, 13, 15, 17, 19%),
incubation period (1- 20 days), pH (5.0, 6.0, 7.2, 8.0, 9.0) and temperature (26, 28, 30, 32, 34, 36°C).
Different carbon sources (fructose, glucose, glycerol, lactose, maltose, mannitol, sorbitol, starch, sucrose,
xylose) were used at 1% w/v in the medium for studying their effect on the production of the
antimicrobial compound. Similarly, to observe the effect of nitrogen source, ammonium nitrate,
ammonium sulfate, beef extract, malt extract, peptone, potassium nitrate, sodium nitrate, soybean meal,
urea and yeast extract were dissolved in the production media at 1% w/v. For each optimization set up, 4.
cyanogriseus SIRS was inoculated and incubated in 50 ml of SCN broth and the bioactive compound
production was observed in terms of its antimicrobial efficacy. Besides, dry cell weight (g/100ml) of the
culture biomass was also measured for each optimization set up.

RESULTS AND DISCUSSION

Isolation of Endophytic Actinobacteria

A gray colored colony of 4. cyanogriseus SIRS was isolated from the root tissue of S. indicus on SCN
agar medium. The successful isolation of the endophytic actinobacteria was possible due to the surface
sterilization process, which eliminated the epiphytic micro-organisms. To our knowledge, this study is the
first to report A. cyanogriseus SIRS as an endophyte. Previously, 4. cyanogriseus has been reported from
the soil® and marine sediments® of China. Several other diverse genera of rare actinobacteria have been
reported as endophytes like; Actinoallomurus, Amnibacterium, Amycolatopsis, Kineococcus,
Micromonospora, Nonomuraea, Oerskovia, Promicromonospora and Rhodococcus.'>'° Mostly, the
isolated free-living actinobacteria belong to the genus Streptomyces, while reports on rare actinobacteria
are poor. Many studies indicate the likeliness of plant internal tissues to harbor rare actinobacteria.?’

Morphological Characterization

The culture characteristics such as colony nature, growth pattern, pigmentation, aerial and substrate
mycelium are one of the classical approaches for the identification of actinobacteria. In this study, various
cultural characteristics have been observed (Table-1) in seven different culture media. The fast growth of
the strain SIR5 was observed in ISP-4, GSMA and SCN agar media, whereas moderate growth was
noticed in ISP-3, ISP-5, ISP-6 and ISP-7 media. Strain SIRS was found to release soluble and colored
pigments in all the used culture media, except in ISP-5. The color and development pattern of aerial and
substrate mycelia also varied with culture media. On visualization under the light microscope (Leica DM
1000), the mycelium was found to be branched and fragmented with rod-shaped spores (Fig.-1B). SEM
analysis revealed long, wavy spore chain morphology and rod-shaped spores of average size 1.23 x 0.46
um (Fig.-1C and D). Marine-derived Actinoalloteichus species*' also revealed similar observations.
However, contrasting culture characteristics have been recorded for the strain 4. cyanogriseus 1FO
144557 isolated from the soil of Yunnan province of China.®> The differences in cultural characteristics of
type strains might be due to ecological and physiological variations.

Molecular Characterization

16S rRNA gene sequencing of strain SIRS revealed 100% similarity with Actinoalloteichus cyanogriseus
DSM 43889 (AUBJ01000042) and thus ascertained the strain to be of the family Pseudonocardiaceae.
The phylogenetic tree revealed 99.56% and 96.59% similarity of A. cyanogriseus SIRS to
Actinoalloteichus spitiensis RMV-1378 (AGVX02000100)*> and Actinoalloteichus hymeniacidonis
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HPA177, respectively while Streptomyces carpaticus NBRC 15390 (AB184641) was put in the out-
group. Further, an accession number MK793584 was received on submission of the gene sequence of
strain SIRS to the NCBI gene bank.

Table 1: Culture Characteristics of Actinoalloteichus cyanogriseus SIRS

Medium Growth and Colony Nature | Aerial mycelium Substrate mycelium Pigmentation
GSMA Fast & powdery Whitish gray Black Bluish black

SCN agar | Fast & powdery Gray Black Bluish black

ISP-3 Moderate & powdery Grayish white Black Bluish black

ISP-4 Fast & smooth White Black Bluish black

ISP-5 Moderate & powdery Off White Gray No soluble pigment
ISP-6 Moderate & smooth White Pink Light pink

ISP-7 Moderate & powdery Cream Off white Creamish white

DM 1000) image at x1000, (C-D) SEM Micrograph at x5000 Magnification.

Strain SIR-5
JOd Actinoallotei

hus cyanogriseus DSM 43889 AUBJ01000042
109 Actinoalloteichus spitiensis RMV-1378 AGVX02000100

Actinoalloteichus hanensis NEAU 119 GQ926935
ﬁ_‘:z{ct' lloteichus hymeniacidonis HPA177 CP014859

90 Actinoalloteichus hoggarensis DSM 45943 CP022521
Goodfellowiella coeruleoviolacea NRRL B-24058 INYI01000138

her ica guangxiensis AG2-7 JX847499

Actinophytocola burenkhanensis MN08-A0203 AB535095
Labedaea rhizosphaerae RS-49 FM998036
Actinokineospora i is DSM 44258 AXWW01000106
Actinokineospora enzanensis DSM 44649 ARFV01000009
Streptoalloteichus hindustanus DSM 44523 jgi.1107619
Streptoalloteichus tenebrarius NBRC 16177 AB184722
Actinokineospora soli YIM 75948 IN005785
Actinokineospora cibodasensis ID03-0748 AB447489
59 Actinokineospora iranica Chem10 JX987892
Crossiella equi NRRL B-24104 MUMGO01000050
Allokutzneria multivorans YIM 120521 JQ306329
Kutzneria buriramensis DSM 45791 jgi.1085905
Kutzneria kofuensis NRRL B-24061 AF114801
Kutzneria chonburiensis SMC 256 KJ191120
Kutzneria albida DSM 43870 CP007155
Kutzneria viridogrisea JCM 3282 U58530

]Qq: Umezawaea tangerina NRRL B-24463 INYU01000173

Umezawaea endophytica YIM 2047X KP984506

87 Saccharothrix hoggarensis SA181 HQ399564
ﬁw‘accharoﬂm’x ecbatanensis UTMC 537 JN038074
88— Saccharothrix isguenensis MB27 KU933253
Streptomyces carpaticus NBRC 15390 (AB184641)

—
0.005
Fig.-2: Neighbor-joining Phylogenetic Tree of Actinoalloteichus cyanogriseus SIRS based on 16S rRNA Gene
Sequence. Values on the Nodes indicate Bootstrap Values, expressed in percentages of 1000 replication.

Antimicrobial Activity
Primary Screening

The antimicrobial activity of strain SIR5 was assessed primarily against 20 pathogens from MTCC and
CC, including eight Gram-positive and eight Gram-negative bacteria and four fungal cultures. The results
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(Table-2) showed that all the bacteria except P. aeruginosa (CC) were inhibited and significant
antimicrobial activity was recorded against B. cereus, S. aureus, S. epidermidis, B. subtilis and E. coli
(Fig.-3). However, all the fungal pathogens except C. albicans (CC) were found to be resistant. This
result supports the hypothesis of the existence of antimicrobial potential in 4. cyanogriseus SIRS. Several
investigations on the bioactive potential of endophytic actinobacteria indicate that they may be a reservoir
of many important pharmaceutical compounds.*2

Table-2: Primary Screening of Antimicrobial Activity of Actinoalloteichus cyanogriseus SIRS

Pathogens An Be Bs Ca Ec Kp Pa Pv Sa Se

Antimicrobial | MTCC uG DG DG uG CI DG DG DG DG DG

Activity Clinical uG CI CI DG CI DG UG DG DG CI

An - A. niger, Bc - B. cereus, Bs - B. subtilis, Ca - C. albicans, Ec - E. coli, Kp - K. pneumoniae, Pa - P. aeruginosa,
Pv - P. vulgaris, Sa - S. aureus, Se - S. epidermidis, DG - declined growth, UG - uninhibited growth, CI - complete
inhibition

Fig.-3: Antimicrobial Activity of Actinoalloteichus cyanogriseus SIRS against the pathogens; (A-B) Test Plate, (C)
Control

Secondary Screening

The crude filtrate of A. cyanogriseus SIRS was tested for antimicrobial activity against the pathogens
inhibited in primary screening. The zone of inhibition (ZOI) was recorded (Fig.-4) as 15.33+0.33,
13.33+0.16, 13.33+0.33, 12.334+0.33, 12.83+0.44, 12.16+0.16, 11.50+0.28 and 11.16+0.16 mm against E.
coli (CC), B. subtilis (MTCC), P. aeruginosa (MTCC), S. epidermidis (MTCC), Candida albicans (CC),
B. cereus (CC), S. epidermidis (CC) and B. cereus (MTCC), respectively. However, the filtrate produced
less effect against S. aureus (CC), P. vulgaris (CC) and K. pneumoniae (MTCC) with ZOI recorded as
9.16+0.16, 9.8340.33 and 9.33+0.33 mm, respectively. The overall findings suggested that Gram-negative
bacteria were more resistant than Gram-positive bacteria, except E. coli (CC) and P. aeruginosa (MTCC).
The endophytic actinobacteria isolated from medicinal herbs also exhibited similar antimicrobial
activity.'” The susceptibility to antimicrobial compounds may be explained in terms of the cell wall
complexity. Vulnerability of Gram-positive bacteria to antimicrobial compounds is attributed to the
existence of a single peptidoglycan layer in their cell wall, whereas the existence of lipopolysaccharide
(LPS) layer over the peptidoglycan layer in Gram-negative bacteria makes them less susceptible.

Optimization of Culture Conditions

In this study, A. cyanogriseus SIRS was grown with variations in nutritional, physical and chemical
parameters and the antimicrobial activity, in terms of bioactive compound production efficacy, was
recorded against the pathogens. The maximum inhibition zone against the pathogens indicated higher
antimicrobial compound production. Minimum and maximum production was observed in OMB and ISP-
4 medium, respectively (Fig.-5A). Optimization of inoculum size (Fig.-5B) revealed a gradual increase in
metabolite production from 1-13% of inoculum size and thereafter decline was observed. The dry cell
biomass of the strain also increased accordingly. The production of antimicrobial compound started from
the 6™ day of incubation and maximum yield was noticed on the 16" day (Fig.-5C). The optimum pH of
the medium was found to be 8.0 by OFAT (Fig.-5D), while at pH 5, 6 and 9, strain SIRS was unable to
produce the antimicrobial compound. Optimum temperature was determined by growing the strain at
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various temperatures, such as 26, 28, 30, 32, 34 and 36°C. Maximum and minimum production of the
compound was noticed at 28°C and 34°C, respectively (Fig.-5E).

18 - 16 -
16 - 14 -
14 12 -
E 121 e E 10 -
g’ 107 % o g’ 8
3 8 / o S 6
S Y 2 S
2 - f 9 2
0 — T 0 T T T T
BC EC KP PV PA SE
Clinical Pathogens MTCC Pathogens
Fig.-4: Secondary Screening of Antimicrobial Activity of Actinoalloteichus cyanogriseus SIRS
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Fig.-5: Effect of Nutritional, Physical and Chemical Parameters on Antimicrobial Activity of Actinoalloteichus
cyanogriseus SIRS against E. coli (CC) and B. subtilis (MTCC); A - Culture media, B - Inoculum size, C -
Incubation period, D - pH, E - Temperature, F - Carbon sources, G - Nitrogen sources.

Medium containing starch and ammonium nitrate as carbon and nitrogen source respectively were found
to be best for compound production (Fig.-5F and G) while xylose and peptone containing medium
showed minimum production. When cultured in optimized conditions, the antimicrobial compound
production enhanced significantly which was visible by increased ZOI from 14.66+0.16 to 30.33+0.16
mm against E. coli (CC) and 12.66+0.33 to 26.334+0.33 mm against B. cereus (MTCC). These results are
in agreement with various other studies, which suggest that after optimization, the efficiency of bioactive
compounds increases significantly and the optimum fermentation conditions for metabolite production
may vary with strains, species, and genus of actinobacteria.?’-*’

CONCLUSION
Actinobacteria have contributed significantly to the discovery of efficient antibiotics to combat multidrug-
resistant bacteria. The current study suggested that special attention to rare endophytic actinobacteria may
uncover many diverse and broad-spectrum antibiotics, since they are an underexplored group. Our
findings showed that A. cyanogriseus SIRS has potent antimicrobial activity against a wide range of
pathogenic bacteria and also ensures the existence of some rare endophytic actinobacteria in Chhattisgarh
as it has huge therapeutic floral diversity.
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