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Abstract Deep sea sediment samples of Bay of Bengal

(Visakhapatnam) have been analyzed for actinomycetes as

an elite source to screen for the production of bioactive

metabolites. The actinomycetes strain VSM-30 has an

exciting bioactivity profile and was isolated during our

systemic screening of marine actinomycetes. It was iden-

tified as Streptomyces sparsus based on morphological,

physiological, biochemical, and molecular approaches.

Response surface methodology regression analysis was

carried out to fit the experimental data of each response by

the second-order polynomial. The results have proven right

interaction among process variables at optimized values of

incubation time at 12 days, pH at 8, temperature at 30 �C,
concentrations of starch at 1%, and tryptone at 1% and the

data have been adequately fitted into the second-order

polynomial models. Under these conditions, the responses

(zones of inhibition) of plant pathogenic fungi Aspergillus

niger, Aspergillus flavus, Fusarium oxysporum, Fusarium

solani, and Penicillium citrinum were also matched with

experimental and predicted results. Chemotypic analysis of

ethyl acetate extract of the strain was done using LC–Q-

TOF–MS revealed the presence of bioactive compounds

including tryptophan dehydrobutyrine diketopiperazine,

maculosin, 7-o-demethyl albocycline, albocycline M-2,

and 7-o-demethoxy-7-oxo albocycline in a negative ion

mode. The ethyl acetate extract of actinobacterium has

been subjected to gas chromatography and mass spec-

troscopy (GC–MS) revealed the presence of diverse com-

pounds such as dotriacontane, tetracosane 11-decyl-,

diheptyl phthalate, 1-hexadecanesulfonyl chloride, L-ala-

nyl-L-tryptophan, phthalic acid ethyl pentyl ester, 4-triflu-

oroacetoxyhexadecane, and 1H-imidazole 4,5-dihydro-2,4-

dimethyl. Hence, the ethyl acetate extract of Streptomyces

sparsus VSM-30 may have antibacterial, antifungal, and

antioxidant activities due to the presence of secondary

metabolites in ethyl acetate extract. The study also supports

marine sediment samples of Bay of Bengal, a promising

marine ecosystem remained to be explored for new

bioactive compounds.
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Introduction

Microbes residing in intense environments have an out-

standing functionality and are luxuriant producers of sev-

eral bioactive compounds, due to extreme environmental

circumstances in terms of metabolic biochemistry
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(Shuvankar et al. 2015). Actinomycetes are stable and

persistent microbes of the marine microbial groups that are

well registered for their potency to produce bioactive

metabolites with complex diversity and various potent

biological activities. Discovery of novel actinobacterium

has the potential to perform unusual metabolic pathways to

produce complex chemical compounds of biotechnological

significance. Due to the emergence of drug resistance

pathogens, the global health is at great annoyance. Con-

sequently, the society is at an alarming demand to discover

new drugs that play a crucial role in the medicine

(Subramani and Aalbersberg 2012; Shuvankar et al. 2015).

Marine actinomycetes are persistent in diverse marine

ecosystems that are vital for the production of bioactive

metabolites with novel structures exhibiting antibacterial,

antifungal, anti-viral, cytotoxic, and antineoplastic activi-

ties. (Das et al. 2006; Jensen et al. 2007; Li et al. 2013).

The exploitation of marine actinomycetes for novel sec-

ondary metabolites is in its infancy, and the invention rate

of novel drugs from marine actinomycetes has currently

surpassed that of their terrestrial counterparts, as obtrusive

by means of the isolation of precise compounds such as

salinosporamide and abyssomycin from marine actino-

mycetes genera Salinispora and Verrucosispora (Jensen

et al. 2007; Skropeta 2008). Hence, there is a need to

discover the unexplored marine ecosystems which might

be a wealthy source of novel actinomycetes that are able to

generate new essential bioactive compounds.

Traditional approach-based optimization includes the

evaluation of one-factor-at-a-time method which is time

consuming and laborious. Furthermore, the interactive

effects of the variables are not analyzed and execute mis-

leading conclusions. Hence, the optimization procedure has

emerged as tiresome. It is, therefore, quiet essential to

design the strategies to maximize the highest yielding

quantities of bioactive metabolites. Hence, RSM is taken

into consideration as a classical technique for the opti-

mization. To establish the optimum processes with precise

conditions and to reduce the cost of the production, RSM is

applied as an efficient method for optimizing the process

parameters (Vohra and Satyanarayana 2002).

As a part of our continuous screening for bioactive

metabolites from actinobacterium resulted in the isolation

of a promising stain VSM-30 with a good antimicrobial

capacity was identified as Streptomyces sparsus. The strain

was isolated from marine sediment samples of Bay of

Bengal, Visakhapatnam, Andhra Pradesh, India, and its

16S rDNA sequence was deposited to GenBank under

accession number KU507599. Cultural, morphological, and

physiological properties of the strain were recorded.

Hence, the objectives of the existing study include the

polyphasic taxonomic characterization of the strain, effect

of optimization of process parameters using RSM for

maximizing the yield of the bioactive metabolites, and to

evaluate the antimicrobial compounds by GC–MS analysis.

Materials and methods

Sampling

The deep sea marine sediment samples were collected at

different depths of the Bay of Bengal of coastal Andhra

Pradesh, India with the help of the National Institute of

Ocean Technology (NIOT), Visakhapatnam. The collected

sediment samples were transported to the laboratory in

sterile bags and air-dried at room temperature for further

isolation studies.

Isolation

The air-dried sediment sample was pre-treated with dry

heat at 100 �C for 1 h (Nonomura and Ohara 1969). The

treated sediment samples were suspended in sterile distilled

water (1 g in 100 ml), homogenized through vortexing and

0.1 ml of serially diluted sample (10-4 dilution) was spread

over the surface of starch-casein nitrate agar medium [1%

soluble starch, 0.03% casein, 0.2% K2HPO4, 0.2% KNO3,

0.005% MgSO4, 0.002% CaCO3, 0.001% FeSO4, and 2%

agar (pH 8) supplemented with nalidixic acid (50 lg ml-1)

and secnidazole (50 lg ml-1) with 3% NaCl concentra-

tion]. The plates were incubated at 30 �C for 3 weeks.

After incubation distinct, strains were selected and main-

tained by sub culturing on yeast extract malt extract dex-

trose agar (ISP-2) slants.

Polyphasic taxonomy

The morphological, cultural, physiological, and biochemi-

cal characterization of the isolate was carried out as

described in the international Streptomyces project. The

cultural traits of the strain were recorded on different media

which include tryptone-yeast extract agar (ISP-1), YMD

agar (ISP-2), oatmeal agar (ISP -3), starch inorganic salts

agar (ISP-4), glycerol asparagine agar (ISP-5), peptone

yeast extract iron agar (ISP-6), tyrosine agar (ISP-7),

starch-casein agar, Czapek-Dox agar, and nutrient agar

media (Shirling and Gottlieb 1966). The micromorphology

of the strain was examined under scanning electron

microscopy (model JOEL-JSM 5600) (Bozzola and Russell

1999). The utilization of carbohydrates by the strain was

carried out in minimal medium containing different carbon

sources at 1% concentration according to the method

described by (Isik et al. 1999). Biochemical tests which

include IMVIC, H2S production (Cowan 1974), nitrate

reduction (Gordon 1966), urease, catalase, coagulase
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(Jones 1949), starch, and gelatine hydrolysis (Waksman

1961) were also evaluated. Physiological characterization

such as the effect of pH (5–9), temperature (20–60 �C), and
salinity was analyzed. NaCl tolerance of the strain was

determined through the technique suggested by (Ellaiah

et al. 2005).

Molecular identification of the strain through 16S

rRNA sequencing

The genomic DNA used for the PCR was prepared from

the single colonies grown on the yeast extract malt extract

dextrose agar (ISP-2) medium for 3 days. The whole

genomic DNA extracted from the potent strain (VSM-30)

was isolated employing the DNA purification Kit (Pure

Fast� Bacterial Genomic DNA purification kit, Helini Bio

molecules, India) consistent with the manufacturer proto-

col. The 16S rRNA gene fragment was amplified using

universal primers (forward primer—50-GCCTAACA
CATGC-AAGTCGA-30 and reverse primer—50-CGTAT
TACCGCGGCTGCTGG-50) (Nilsson and Strom 2002).

The amplified fragment was analyzed using 1% agarose gel

and the fragment was purified (Helini Pure Fast PCR clean

up kit, Helini Bio molecules, India) according to the

manufacturer instructions. The bands were analyzed under

UV light and documented using Gel Doc. The direct

sequencing of PCR products was performed by dideoxy

chain termination approach using 3100-Avant Genetic

Analyzer (Applied Bio systems, USA). The obtained

sequences were analyzed for homology using BLASTN

(Entrez Nucleotide database). The 16S rRNA gene (rDNA)

sequence of the strain VSM-30 was registered in the

GenBank database with the accession number.

Media optimization

RSM is an effective statistical tool for optimization of

multiple variables to determine the optimum conditions of

the variables with minimum number of runs. RSM helps in

elimination of the traditional single parameter testing

approaches that observe the effect of one factor at a time on

the variable. In addition to lag in time for experimenting,

these traditional strategies are unable to draw conclusion

between the interactive effects of the variables on the

responses (Ferreira et al. 2007). The central composite

design is one of the tools in RSM and is used in this study,

because it enables the determination of optimum parame-

ters with a minimal number of experiments compared to

other designs (Maelle et al. 2017).

RSM design

The central composite design (CCD) of RSM was imple-

mented to optimize the process conditions and the effect of

the interaction among the process variables for the yield of

the bioactive metabolite production by VSM-30. The range

and coded level of the process variables, time of incubation

(Days) (A), pH (B), temperature (C), starch (D), and tryp-

tone (E) studied are presented in Table 1.

A total of 50 experiments were calculated using fol-

lowing equation which have 25 full factorial CCD for five

variables comprising 32 factorial points, 10 axial points,

and 8 replicates:

N ¼ 2n þ 2nþ nc¼ 25 þ 2� 5þ 8 ¼ 50 ð1Þ

where N is total number of experimental runs to be carried

out, n is the number of variables (factors), and nc is the

number of replicates at centre points. The complete design

matrix of CCD and the experimental results are given in

Supplementary Table 1.

All the experiments were executed in triplicate and

effect of the bioactive metabolite (measured as zone of

inhibition in mm) towards the responses was taken as the

dependent variable or response (Y). The second-order

polynomial coefficients were calculated and analyzed using

the ‘Design Expert’ software (Version 6.0, Stat-Ease Inc.,

Minneapolis, USA) statistical package. The general form

of the second degree polynomial equation is Eq. (1):

Y ¼ b0 þ
Xn

i¼1

biXi þ
Xn

i¼1

biiXi

 !2

þ
Xn�1

i¼1

Xn

j¼iþ1

bijXiXj ð2Þ

where Y is the anticipated response, b0 is the intercept

coefficient, bi is the linear coefficient, bij is the interaction

coefficients, bii is the quadratic coefficients, and Xi and Xj

Table 1 Experimental range and level coded of independent variables

Factors Symbols Actual levels of coded factors

-1 (Low) 0 (Middle) ?1 (High)

Time of incubation (days) A 11 12 13

pH B 7 8 9

Temperature (�C) C 25 30 35

Conc of starch (% w/v) D 0.5 1.0 1.5

Conc of tryptone (% w/v) E 0.5 1 1.5
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are the coded values of the five additive variables under

study (Katrin et al. 2012).

ANOVA variance analysis

ANOVA variance was used to study the statistical

parameters for optimization of culture conditions and to

determine the significance of the variables for the pro-

duction of the bioactive compound by VSM 30 and its

impact against the five responses (Gaddafi et al. 2017). The

significance of the model was evaluated by Fisher’s satir-

ical test (F test), where the F value is defined as the ratio of

the mean square of regression (MRR) to the error (MRe)

(Hamid et al. 2015). The statistical significance was sup-

ported by an F test and their corresponding P value at the

5% significance level. The goodness of the model fit was

determined by the coefficient of determination (R2). The

values were considered to be significant when the p value

\0.05. The quality of the fit of the polynomial model was

expressed by value of correlation coefficient adjusted (R2).

The main indicators for determining the significance and

the adequacy of the model applied include CV and ade-

quate precision.

3D plots

The data fitted in the polynomial equation were expressed

as 3D plots to visualize the relationship between the

experimental ranges of each factor (independent vari-

ables) and the responses (dependent Variables) employed

in the design. The response surface and the counter plots

obtained from the model are used for analysis of various

interactive effects among the independent variables while

keeping the value of the third variable constant. Such 3D

plots give accurate geometrical representation and offer

useful data about the system behavior (Bipasha et al.

2015).

Fermentation and extraction

A loopful of properly sporulated culture ofS. sparsusVSM-30

was inoculated into 100 ml of seed medium composed of

yeast extract 0.4%, malt extract 1%, dextrose 0.4% (YMD

broth), and incubated on a rotary shaker at 30 �C for 48 h.

Seed culture at the rate of 10% was transferred to the opti-

mized production medium consisting of 1% starch, 1% tryp-

tone, and 3% NaCl with pH 8. The inoculated flasks were

incubatedon rotary shaker at 30 �Cand incubated for 12 days.

The fermented broth collected at the end of 12 days was

centrifuged and the culture filtrate obtainedwas extractedwith

ethyl acetate. The solvent extracts were pooled and concen-

trated in vacuum todryness and the resultant crude extractwas

subjected to Gas chromatography and mass spectroscopy.

ESI-LC–MS/MS analysis

LC-ESI–MS/MS analysis of SSEE (Streptomyces sparsus

ethyl acetate extract) was carried out on 6520 Accurate

Q-TOF (Agilent Santa Clara, CA) mass spectrometer cou-

pled to HPLC equipped with UV–VIS detector. The column

was Zorbax-Eclipse XDB-C 18, 4.6 9 50 mm, 1.8 l; other
conditions: (A) acetic acid (0.1% v/v) and (B) acetonitrile;

gradient (in solvent B): (i) 20–55% from 0 to 15 min, (ii)

55–90% from 15–20 min, (iii) isocratic 90% from 20 to

23 min, (iv) 90–20% from 23 to 26 min, and (v) isocratic

20% from 26 to 35 min; flow rate: 0.2 ml/min; injection

volume 2 ll; ESI parameters: both positive and negative ion

mode; mass range 100–1700 m/z; spray voltage 4 kV; gas

temperature 325 �C; gas flow 8 l/min; and nebulizer 35 psi.

Identification of antimicrobial metabolites by GC–

MS

The identification of the chemical compounds present in

the crude ethyl acetate extract (EAE) was accomplished

Table 2 Cultural characteristics of the strain on various ISP and non-ISP media

S. no Medium Growth Aerial mycelium Substrate mycelium Pigmentation

1 Tryptone-yeast extract agar (ISP-1) Moderate Dark grey Light grey Nil

2 Yeast extract malt extract dextrose agar (ISP-2) Good Greyish white Yellow Nil

3 Oatmeal agar (ISP-3) Moderate Light grey Greyish white Nil

4 Inorganic salts starch agar (ISP-4) Good Grey Pale yellow Nil

5 Glycerol asparagine agar (ISP-5) Moderate Pale grey Pale yellow Nil

6 Peptone yeast extract iron agar (ISP-6) Moderate Grey Greyish white Nil

7 Tyrosine agar (ISP-7) Moderate Pale grey Creamy white Nil

8 Starch-casein agar Good Grey Light brown Nil

9 Nutrient agar Moderate Greyish white Pale yellow Nil

10 Czapek-Dox agar Poor – – –
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with the aid of GC–MS. Analysis was carried out on

Agilent GC–MS machine (GC: 5890 series II; MSD 5972).

The fused silica HP-5 capillary column (30 m 9 0.25 mm,

ID, film thickness of 0.25 lm) was directly coupled to the

MS. The carrier gas was helium with a flow rate of

1.2 ml min-1. Oven temperature was programmed (50 �C
for 1 min, then 50–280 �C at a rate of 5 �C/min) and

subsequently, held isothermally for 20 min. The tempera-

ture of the injector port was maintained at 250 �C and that

of detector at 280 �C (Boussaada et al. 2008). The peaks of

the obtained compounds in the gas chromatography were

subjected to mass-spectral analysis. The spectra have been

analyzed from the library data, NIST-MS search (version

2.0) (included with NIST’02 mass-spectral library, Agilent

p/n G1033 A).

Results and discussion

The prevailing study was designed to analyze the deep sea

marine sediment samples of the Bay of Bengal (Visakha-

patnam) of coastal Andhra Pradesh, India for novel acti-

nomycetes and their antimicrobial properties. Our

continuous search for novel antimicrobial metabolites led

to the isolation of 57 morphologically distinct isolates of

actinobacterial population (VSM-1 to VSM-57) on differ-

ent media by employing soil dilution plate technique.

Screening of the isolates for potent actinobacterium

brought about the isolation of morphologically distinct

isolate VSM-30 on starch-casein nitrate agar medium. The

polyphasic taxonomy of the strain was reported.

The strain VSM-30 exhibited typical morphological

characteristics of the genus Streptomyces (Hensyl 1994).

The active strain was gram positive, non-acid fast, non-

motile actinobacterium. The cultural characteristics of the

strain are recorded in Table 2. The strain exhibited good

growth on ISP-2, ISP-4, and starch-casein agar medium.

Growth was moderate on ISP-1, ISP-3, ISP-5, ISP-6, ISP-7,

and nutrient agar media, while it was poor on Czapek-Dox

agar medium. The color of aerial mycelium varied from

Fig. 1 Scanning electron micrograph of the marine actinobacterium

VSM-30 grown on ISP-2 medium

Table 3 Morphological, physiological, and biochemical characteris-

tics of strain VSM-30

S. no Morphological characters Response

1 Cell shape Mycelial

2 Sporophore morphology Flexuous

3 Color of aerial mycelium (ISP-2) Greyish white

4 Color of substrate mycelium (ISP-2) Pale yellow

Physiological characters

5 Gram reaction ?

6 Acid-fast reaction -

7 Production of melanin pigment ?

8 Range of temperature for growth 25–40 �C
9 Optimum temperature for growth 30 �C
10 Range of pH for growth 6–9

11 Optimum pH for growth 7.5

12 NaCl tolerance 9%

Biochemical characters

13 Catalase production ?

14 Nitrate reduction -

15 Hydrogen sulphide production ?

16 Starch hydrolysis ?

17 Gelatin liquefaction -

18 Methyl red test -

19 Vogues–Proskauer test -

20 Indole production -

21 Citrate utilization ?

22 Casein hydrolysis ?

23 Coagulase ?

?, positive; -, negative

Table 4 Utilization of the carbon sources by the strain VSM-30

S. no Carbon source Response

1 Glucose ?

2 Sucrose ?

3 Fructose ?

4 Arabinose ?

5 Mannose -

6 Xylose ?

7 Rhamnose -

8 Raffinose ?

9 Inositol ?

?, positive; -, negative
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dark grey to greyish white, while the substrate mycelium

varied from pale yellow to light brown. No pigment was

observed on any of the tested medium including melanin

pigmentation on ISP-7. Production of melanin pigment or

inhibition of the same by the strains on ISP-7 medium

could also be taken as a criterion for species identification

(Baumann et al. 1976). Micromorphology of the strain was

examined through scanning electron microscopy. The

culture showed extensively branched substrate mycelium

and flexuous spore chains were born on the aerial hyphae

(Fig. 1). As its sporophore morphology is of flexuous type,

Fig. 2 Evolutionary

relationships of taxa

Table 5 Analysis of ANOVA variance to test the adequacy of the model

Statistics Response

Aspergillus niger Aspergillus flavus Fusarium oxysporum Fusarium solani Penicillium citrinum

R2 0.9775 0.9746 0.9874 0.9977 0.9682

Adj-R2 0.9620 0.9571 0.9787 0.9961 0.9462

Pred-R2 0.9211 0.9141 0.9578 0.9924 0.8880

Adequate precession 21.402 22.505 30.242 70.376 20.054

CV (%) 1.63 1.27 1.28 0.68 1.93

Table 6 Sequential model fitting for all the responses (in terms of inhibition zone from the bioactive metabolite production)

Model parameter Aspergillus niger Aspergillus flavus Fusarium oxysporum Fusarium solani Penicillium citrinum

Sequential model sum of squares—Quadratic vs 2FI (suggested)

Sum of squares 105.50 40.79 85.08 139.36 102.04

d.f. 5 5 5 5 5

Mean square 21.10 8.16 17.2 27.87 20.41

F value 222.22 161.66 397.72 2248.73 159.68

p value (Prob[F) \0.0001 \0.0001 \0.0001 \0.0001 \0.0001

Lack of fit tests—Quadratic (suggested)

Sum of squares 2.75 1.46 1.24 0.36 3.71

d.f. 22 22 22 22 22

Mean square 0.13 0.067 0.056 0.016 0.17

F value – – – – –

p value (Prob[F) – – – – –

Model summary statistics—Quadratic (suggested)

d.f. degrees of freedom

cFig. 3 3D plots showing the interactive effects of selective variables

on the production of the bioactive metabolites by Streptomyces

sparsus VSM-30 and its effect against the response Aspergillus niger

(zone of inhibition in mm)
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Fig. 4 3D plots showing the

interactive effects of selective

variables on the production of

the bioactive metabolites by

Streptomyces sparsus VSM-30

and its effect against the

response Aspergillus flavus

(zone of inhibition in mm)
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the strain may be placed in the rectiflexibilis group of the

family Streptomycetaceae and the genus Streptomyces

(Pridham et al. 1958).

Physiological and biochemical characteristics of the

strain VSM-30 are recorded in Table 3. Kampfer et al.

(1991) recommended that physiological assessments are

indispensible tools for classification and identification of

actinomycetes. Growth of the strain occurred in the pH

range of 6–9 with optimum growth at pH 7.5. The tem-

perature range for growth was 25–40 �C with the optimum

growth at 30 �C. Tolerance of the strain to NaCl concen-

tration additionally serves as an important character for

species identification. VSM-30 exhibited salt tolerance up

to 9% with optimum growth at 3% NaCl; therefore, the

strain may be located in intermediate salt tolerance group

as advised by Tresner et al. (1968).

VSM-30 had the ability to hydrolyze starch, casein and

exhibited positive response to citrate utilization, coagulase

test, catalase production, and H2S production and, how-

ever, negative for indole, methyl red, Vogues–Proskauer

tests, gelatin liquefaction, and nitrate reduction. The uti-

lization of starch and casein confirmed that the isolate

produced the extracellular enzymes amylase and protease

to metabolize the polymeric components of nutrient mix-

ture to monomeric form for growth. Positive response

towards catalase enzyme revealed that the isolate can

withstand the stress condition generated by reactive oxygen

species (Table 3).

The utilization of diverse carbon sources by the strain

indicated its wide pattern of carbon assimilation ability

(Table 4). The strain efficiently utilized the carbon sources

such as glucose, sucrose, fructose, xylose, raffinose, and

inositol but not utilized mannose and rhamnose. Carbo-

hydrate utilization plays a distinguished role in the taxo-

nomic characterization of actinomycetes strains (Pridham

and Gottlieb 1948).

Gene sequence of 16S rRNA of VSM-30 was blasted

against nucleotide database of the NCBI. The library search

reported matching strains and the sequences had been

aligned with the set of published sequence on the basis of

the conserved primary sequence and additionally with the

aid of nucleotide blast similarity search evaluation. The

16S rDNA gene sequence of the isolate VSM-30 showed a

close relation with Streptomyces sparsus (Fig. 2). The

rDNA sequence was deposited in the GenBank database of

NCBI with an accession number KU507599.

The evolutionary history was inferred using the Neigh-

bor-Joining method. The optimal tree with the sum of

branch length =60.60888126 is shown. The evolutionary

distances were computed using the maximum composite

likelihood method and are in the units of the number of

base substitutions per site. The analysis involved 14

nucleotide sequences. Codon positions included were

1st ? 2nd ? 3rd ? Noncoding. All positions containing

gaps and missing data were eliminated. There were a total

of 885 positions in the final data set. The scale bar indicates

a 1% sequence divergence. Evolutionary analyses were

conducted in MEGA7.

Media optimization by RSM design

Impact of different variables which includes incubation

time, pH, temperature, concentration of starch and tryptone

on bioactive metabolite production by VSM 30, and its

antimicrobial effect (measured as zone of inhibition in mm)

against the five responses (Aspergillus niger, Aspergillus

flavus, Fusarium oxysporum, Fusarium solani, and Peni-

cillium citrinum) was carried out. In addition to the effect

of the bioactive metabolite, the interactive effects of the

process variables on the bioactive metabolite are also

studied.

Application of RSM for optimization of bioactive

metabolite production by VSM 30

Optimization of the process depends on the different

parameters affecting the desired out put. Optimization of

the process through traditional methods with one factor at a

time (O-F-A-T) is time consuming and costly. Further-

more, the synergistic effect of various parameters cannot be

determined through this lengthy procedure. Subsequently,

the statistical design (RSM) is implemented to establish the

relationship between variables and the responses and to

design the models with minimum number of experiments

(Adya and Susmita 2017). Response surface methodology

has proved to be powerful and beneficial for the opti-

mization of the target metabolites production (Deepak et al.

2008; Souagui et al. 2015).

CCD of RSM was employed to study the interactive

effects of the significant variables and to determine the

optimum values for the production of bioactive compound

by VSM 30 considering the fact that CCD has been very

decisive statistical tool in optimization (Gámiz-Gracia

et al. 2003). Supplementary Table 1 illustrates the experi-

mental conditions of the variables and the corresponding

responses in conjunction with both the predicted and the

experimental values against the five responses (Aspergillus

niger, Aspergillus flavus, Fusarium oxysporum, Fusarium

solani, and Penicillium citrinum) (effect of the bioactive

metabolite is measured as zone of inhibition and repre-

sented in mm). Randomized 50 Experiments were carried

out according to five factors and three-level factorial

experiment designs with eight replications of the central

point and ten axial points and 32 factorial points for

bioactive metabolite production by VSM 30. The bioactive

metabolite produced by VSM 30 under the optimized

3 Biotech (2017) 7:217 Page 9 of 19 217
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designed experiments and its affect against the five

responses (Zone of inhibition measured in mm) was

experimentally found to be 21 mm for Aspergillus niger,

19 mm for Aspergillus flavus, 18 mm for Fusarium oxys-

porum, 19 mm for Fusarium solani, and 21 mm for Peni-

cillium citrinum. The optimized conditions of the

independent variables were time of incubation (12 days),

pH (8), temperature (30 �C), starch concentration (1%),

and tryptone concentration (1%).

Coefficients of the second degree polynomial model

evolved for the production of bioactive compounds by

VSM 30. Equation 2 was evaluated and tested for their

significance through linear regression analysis using

Expert-Design version 6. The non-significant coefficients

from second degree polynomial equation were eliminated

on the basis of the obtained p value ([0.05). The final yield

of the bioactive compound by VSM 30 after eliminating

the non-significant terms is as follows and javascript:

void(0), represented Eqs. 3, 4, 5, 6, and 7 confirmed that

the zone of inhibition by the bioactive metabolite produced

by VSM-30 was empirical functions of variables evaluated.

Regression coefficient was determined with the least

square method to develop the second-order quadratic

polynomial models (Halil and Ilkay 2016).

Response 1 (Aspergillus niger)

Y1 ¼ �106:76501þ 8:98940Aþ 13:45862B

þ 0:82909C þ 8:56755Dþ 8:56755E þ 0:000000AB

þ 0:012500AC � 0:12500AD� 0:12500AE

þ 0:000000BC þ 0:000000BDþ 0:000000BE

� 0:025000CD� 0:025000CE þ 0:25000CE

� 0:37241A2 � 0:87241B2 � 0:014897C2

� 3:48966D2 � 3:48966E2

ð3Þ

Response 2 (Aspergillus flavus)

Y2 ¼ �92:24209þ 7:92997Aþ 12:57586B

þ 0:92314C þ 1:92028Dþ 2:71440E þ 0:000000AB

� 0:012500AC þ 0:12500AD� 0:12500AE

þ 0:000000BC þ 0:000000BDþ 0:000000BE

� 0:025000CDþ 0:025000CE � 0:25000DE

� 0:31724A2 � 0:81724B2 � 0:012690C2

� 1:26897D2 � 1:26897E2 ð4Þ

Response 3 (Fusarium oxysporum)

Y3 ¼ þ12:47282þ 7:28276Aþ 12:47282Bþ 0:72828C

þ 8:63347Dþ 4:16288E þ 0:000000ABþ 0:000000AC

þ 0:000000ADþ 0:000000AE þ 0:000000BC

� 0:25000BDþ 0:25000BE þ 0:000000CD

þ 0:000000CE � 0:50000DE � 0:30345A2

� 0:80345B2 � 0:012138C2 � 3:21379D2 � 3:21379E2

ð5Þ

Response 4 (Fusarium solani)

Y4 ¼ �65:03935þ 3:97241Aþ 10:88357Bþ 0:39724C

þ 12:85355Dþ 12:32414E þ 0:000000AB

þ 0:000000AC þ 0:000000ADþ 0:000000AE

þ 0:000000BC � 0:50000BDþ 0:000000BE

þ 0:000000CDþ 0:000000CE þ 0:000000DE

� 0:16552A2 � 0:66552B2 � 6:62069E � 003C2

� 4:66207D2 � 6:66207E2 ð6Þ

Response 5 (Penicillium citrinum)

Y5 ¼ �75:69899þ 1:14219Aþ 16:55558Bþ 1:36422C

þ 4:23367Dþ 7:93955E þ 0:000000ABþ 0:000000AC

þ 0:000000ADþ 0:000000AE þ 0:000000BC

þ 0:000000BDþ 0:000000BE þ 0:000000CD

þ 0:000000CE þ 0:000000DE � 0:058621A2

� 1:05862B2 � 0:022345C2 � 2:23448D2 � 4:23448E2

ð7Þ

where Y1, Y2, Y3, Y4, and Y5 are responses (Aspergillus

niger, Aspergillus flavus, Fusarium oxysporum, Fusarium

solani, and Penicillium citrinum), whose growth is inhib-

ited by the bioactive metabolite produced by VSM 30

(measured as zone of inhibition in mm) and A, B, C, D, and

E are the coded forms of time of incubation, pH, temper-

ature, concentration of starch, and concentration of tryp-

tone, respectively (Amita et al. 2008).

Statistical ANOVA variance of the model

ANOVA variance of the model was analyzed to determine

the significance of the fitness of the quadratic model in

addition to the significance of the independent process

variables and the interactive effects of process variables in

opposition to the five responses (Aspergillus niger,

Aspergillus flavus, Fusarium oxysporum, Fusarium solani,

and Penicillium citrinum), whose growth is inhibited

measured as zone of inhibition and represented in mm

(Table 5).

bFig. 5 3D plots showing the interactive effects of selective variables

on the production of the bioactive metabolites by Streptomyces

sparsus VSM-30 and its effect against the response, Fusarium

oxysporum (zone of inhibition in mm)
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ANOVA, primarily based for the production of bioac-

tive metabolite by VSM 30, revealed that the model for all

the five responses had satisfactory levels of coefficient

determination (R2). Goodness fit of the version of the

regression analysis is measured using coefficient determi-

nation (R2) which implies that the estimated model fits the

experimental data satisfactorily. The statistical regression

analysis shows that coefficient determination R2 is illus-

trated in Table 5. The R2 values of the five responses dis-

play that the model is significantly explaining 95% of the

variability in the production of the bioactive compound and

its effect against the five responses. R2 scale range for 0.1

and the value close to 1.0 signifies the fitness of the model

(Yatisha et al. 2016). Adjusted R2 and the predicted R2 of

all the five responses in the model were provided in

Table 5, which indicate that the model is good. The values

of R2 and adjusted R2 of the model evolved for the pro-

duction of bioactive metabolites have been better than 0.8;

as a consequence, there is a close agreement between the

experimental and predicted results (Myers et al. 2009).

Coefficient variation (CV) of the model reveals better

precision, flexibility, and reliability of the experiment

(Majd et al. 2014). The higher the value of CV the lower is

the reliability of the experiment. The CV of all the five

responses is shown in Table 5 and found to be very low

(Saranya and Sekaran 2016). Adequate precision ratios of

the models for bioactive metabolite production by VSM 30

are given in the Table 5. Adequate precision measures the

signal-to-noise ratio and the value greater than 4 indicates

that the signal is adequate and the model can be used to

navigate the design space (Chongqing et al. 2016). Non-

significant lack of fit indicates that the model was a good

fit.

The ANOVA p values are the key factors to estimate the

coefficients of the model and to determine the significance

of variables and to examine the interactive strength among

each variable parameter. The p value of the model was less

than\0.0001. The model with the p values less than 0.05

was considered statistically significant which implies that

the model was acceptable for this experiment (Qixuan et al.

2017). As per the p value of the study (value less than

0.05), the variables which are significant for all the five

responses are represented in Table 6.

ANOVA variance analysis reveals that the significant

factors affecting the inhibition of growth of the pathogenic

microorganisms (five responses) by the bioactive com-

pounds produced by VSM 30 are incubation time (days),

pH, temperature, concentration of starch, and tryptone.

3D plots to study the interactions effect on responses

3D plots are generated to understand the interaction among

the five variables and to determine the optimize level of

each variable for maximum response. Response surface 3D

plots show the interactions of the two independent vari-

ables, where the other variable is fixed at zero (Khaoula

et al. 2016). Figures 3, 4, 5, 6, and 7 represent the reference

surface 3D plots generated for the production of bioactive

compounds by VSM 30 and its impact against the five

responses. The values obtained from the 3D plots were

found to be almost similar with optimum values.

ESI-LC–MS/MS analysis

Chemotypic analysis of SSEE with LC–Q-TOF–MS was

performed to obtain the metabolite profiles in the ethyl

acetate extract of the strain. The LC–MS spectra of the

compounds are shown in Fig. 8. The identity of the com-

pounds was confirmed by mass fragmentation analysis

(Fig. 9). Negative ion mode detected a total of five known

metabolites from SSEE (Table 7). Positive ion mode did

not yield any known compounds.

LC–Q-TOF–MS analysis of the strain VSM-30 indi-

cated the presence of five potent bioactive compounds.

Among the active compounds, tryptophan dehydrobutyrine

diketopiperazine has antinematicidal properties (Li et al.

2012), while azido derivatives of maculosin was reported

for its very strong antifungal activity against some plant

pathogenic fungi, that may have practical application in

agriculture as safe fungicide (Cimmino et al. 2014). Cain

et al. (2003) stated that Maculosin exhibited MIC of

[0.5 lg/ll against Candida albicans, while Kumar et al.

(2013) found an MIC of 32 lg/ll against the same

pathogen. 7-O-demethyl albocycline (cineromycin B), a

14-membered ring macrolide antibiotic, was reported

bioactive against gram-positive bacteria by the inhibition

of their protein synthesis by binding to the 50 s subunit of

70 s ribosomes (Elleuch et al. 2010). It also reported as an

anti-adipogenesis agent (Matsuo et al. 2015). The com-

pound albocycline was previously reported for antibacterial

(Harada et al. 1984) and anti-mold properties (Zucchi et al.

2014), while 7-o-demethoxy-7-oxo albocycline (dehydro-

cineromycin B) acts only on bacteria (Burkhardt et al.

1996).

Identification of antimicrobial metabolites by GC–

MS

Identification of the compounds in crude extract was car-

ried out using GC–MS evaluation. The GC–MS chro-

matogram of the ethyl acetate extract showed a total of 27

peaks (Fig. 10). When compared with NIST database, the

bFig. 6 3D plots showing the interactive effects of selective variables

on the production of the bioactive metabolites by Streptomyces

sparsus VSM-30 and its effect against the response Fusarium solani

(zone of inhibition in mm)
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Fig. 7 3D plots showing the

interactive effects of selective

variables on the production of

the bioactive metabolites by

Streptomyces sparsus VSM-30

and its effect against the

response Penicillium citrinum

(zone of inhibition in mm)
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nearest compound hits for those peaks were found. The

peak area, molecular weight, and retention time of the

compounds corresponding to the 27 peaks are reported

(Supplementary Table 2). The peak area is directly pro-

portional to the quantity of the compounds present in the

ethyl acetate fraction (EAF). The fraction subjected to GC–

MS analysis revealed the presence of 27 peaks noted at the

retention time of 3.25 (C1), 10.634 (C2), 12.138 (C3),

12.666 (C4), 18.704 (C5), 18.819 (C6), 19.634 (C7),

21.051(C8), 23.685 (C9), 24.924 (C10), 25.515 (C11),

25.687 (C12), 25.912 (C13), 26.271 (C14), 27.386 (C15),

27.913 (C16), 28.388 (C17), 29.691 (C18), 30.076 (C19),

30.555 (C20), 31.883 (C21), 35.352 (C22), 37.018 (C23),

43.282 (C24), 47.59 (C25), 54.472 (C26), and 57.38 (C27).

Further examination of these peaks by MS showed

molecular ions M? at m/z 98 (C1); 218 (C2); 172 (C3); 396

(C4); 278 (C5); 228 (C6); 214 (C7); 222 (C8); 338 (C9);

242 (C10); 380 (C11); 252 (C12); 174 (C13); 466 (C14);

224 (C15); 243 (C16); 264 (C17); 275(C18); 283 (C19);

223 (C20); 298 (C21); 326 (C22); 324 (C23); 362 (C24);

352 (C25); 450 (C26); and 478 (C27) of molecular weights,

respectively (Supplementary Table 2). According to the

available library data, NIST-MS search (ver.2) (included

with NIST’02 mass-spectral library, Agilent p/n G1033 A)

compounds C1, C2, C3, C4, C5, C6, C7, C8, C9, C10, C11,

C12, C13, C14, C15, C16, C17, C18, C19, C20, C21, C22,

C23, C24, C25, C26, and C27 were identified as 1H-imi-

dazole 4,5-dihydro-2,4-dimethyl; neoisolongifolene 8,9-

epoxy; 1-undecanol; 2-heptafluorobutyroxytridecane;

phenol, 2,4-bis(1,1-dimethylethyl); 1-dodecanol 3,7,11-

trimethyl; 2-hexyl-1-octanol; Sulfurous acid dipentyl ester;

4-trifluoroacetoxyhexadecane; 1-decanol 2-hexyl; butyl-4-

amino-1-benzyl piperidine-4-carboxylate oxalic acid;

3-Octadecene (E); N-(4-ethoxy-2-nitrophenyl) acetamide;

heptafluorobutanoic acid octadecyl ester; N-[4-cycloocty-

laminobutyl] aziridine; benzo[c] phenanthen-5-amine;

phthalic acid ethyl pentyl ester; L-alanyl-L-tryptophan; L-

proline N-allyloxycarbonyl hexyl ester; 1-(triisopropylsi-

lyl) pyrrole; butyric acid pentadecyl ester; isopropyl stea-

rate; 1-hexadecanesulfonyl chloride; diheptyl phthalate;

dihydrovallesiachotamine; and dotriacontane and tetra-

cosane, 11-decyl—respectively. NCBI PubChem bioassay

database (https://pubchem.ncbi.nlm.nih.gov) revealed that

among the 27 peaks, 9 compounds indicating the presence

of bioactive constituents have been previously reported for

their antimicrobial activity (dotriacontane, tetracosane

11-decyl-, diheptyl phthalate, 1-hexadecanesulfonyl chlo-

ride, L-alanyl-L-tryptophan, phthalic acid, ethyl pentyl

ester, 4-trifluoroacetoxyhexadecane, and 1H-imidazole 4,5-

dihydro-2,4-dimethyl) and they were not isolated from

actinomycetes earlier.

During the course of our screening programme for

bioactive secondary metabolites from deep sea sediment

samples of Bay of Bengal (Visakhapatnam), Streptomyces

sparsus VSM-30 exhibited significant antimicrobial effi-

cacy. The ethyl acetate extract of the isolate VSM-30

showed maximum activity against plant pathogenic fungi

such as Aspergillus niger (21 mm), Penicillium citrinum

(21 mm), Aspergillus flavus (20 mm) followed by Fusar-

ium solani (19 mm), and Fusarium oxysporum (18 mm).

The antibiotics isolated from marine Streptomyces were

cyclomarin A (Renner et al. 1999), resistomycin (Shiono

et al. 2002), glaciapyrroles A (Cho et al. 2006), actinofu-

ranones A and B (Cho et al. 2006), piperazimycins (Miller

et al. 2007), piericidins C7 and C8 (Hayakawa et al. 2007),

and zorbamycin (Wang et al. 2007). Streptomyces from

marine sediments were reported to be a producer of novel

compounds such as production of cyclomarins A–C

Fig. 8 Negative ion (-) ESI–MS/MS analysis of ethyl acetate extract

of strain VSM-30

Table 7 Bioactive compounds identified in the ethyl acetate extract of the strain VSM-30 by LC–Q-TOF–MS

Compound label RT Mass Name DB formula DB diff

(ppm)

Hits

(DB)

Cpd15: tryptophan dehydrobutyrine

diketopiperazine

5.469 283.1323 Tryptophan dehydrobutyrine

diketopiperazine

C16 H17 N3 O2 -0.69 1

Cpd19: maculosin 6.763 260.1163 Maculosin C14 H16 N2 O3 -0.79 1

Cpd 30:7-o-demethyl albocycline 12.027 294.1836 7-O-demethyl albocycline C17 H26 O4 -1.68 1

Cpd 51: albocycline M-2 15.109 324.1941 Albocycline M-2 C18 H28 O5 -1.99 5

Cpd 51: 7-o-demethoxy-7-oxo albocycline 18.941 292.1673 7-O-demethoxy-7-oxo

albocycline

C17 H24 O4 0.46 1
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(Renner et al. 1999), while piperazimycins A–C are cyto-

toxic hexadepsipeptides that are obtained from Strepto-

myces sp. displayed cytotoxic and anti-viral activity (Miller

et al. 2007; Shirling and Gottlieb 1966). Resistomycin, an

antibiotic related to quinones, is produced by Streptomyces

corchorusii, an inhibitor of HIV-1 protease (Shiono et al.

2002), whereas resistoflavine is produced by Streptomyces

chibaensis which shows cytotoxic and antibacterial activity

(Kock et al. 2005). mansouramycins A–D are isoquinoline

quinone derivatives isolated from the extracts of Strepto-

myces sp. exhibited significant cytotoxicity with great

degree of selectivity for lung cancer, breast cancer, mela-

noma, and prostate cancer cells (Hawas et al. 2009). The

present findings support the view that bioactive metabolite

profile of marine Streptomyces is very broad as it includes a

variety of antibacterial, antifungal, antitumor, anti-inflam-

matory, cytotoxic, and immunosuppressive compounds.

Conclusion

A perusal of the literature clearly establishes that marine

Streptomyces spp. as potential agents for screening of novel

bioactive compounds. In the present study, an actino-

mycete strain Streptomyces sparsus VSM-30 was isolated

from the deep sea marine sediment samples using dilution

plate technique. The optimal conditions for the production

of bioactive compounds by VSM 30 and its inhibitory

effect against the responses using the RSM statistical

design were determined. The CCD approach showed sig-

nificant results for optimizing the process variables for

maximal bioactive metabolite production and the metabo-

lites thus extracted showed desirable antifungal activity

against plant pathogenic fungi. The various bioactive

compounds identified through LC–MS and GC–MS are

ascertained to have wide spectrum of pharmacological

activities. Further research concerning the purification and

characterization of bioactive compounds produced by the

strain is in progress.
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