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Abstract 

The purpose of the present study was concerned with the isolation and characterization of a rare 

actinobacterial strain designated as VL-RK_09 from a Mango orchard and evaluation of its antimicrobial 

compounds by GC-MS analysis. Soil dilution plate technique was employed for the isolation of the strain 

on yeast extract malt extract dextrose (YMD) agar medium. The strain was identified as Arthrobacter 

kerguelensis based on polyphasic taxonomy. Suitable culture media for the production of antimicrobial 

metabolites was assessed by inoculating the strain in different ISP (International Streptomyces project) 

media and non ISP media. The culture broth of the strain grown in best suitable medium (ISP-2) was 

extracted with different solvents viz., chloroform, ethyl acetate, methanol and acetone. The culture broth 

inoculated in ISP-2 and extracted with ethyl acetate exhibited strong antimicrobial activity against 

oppurtunistic pathogenic microorganisms tested. The crude ethyl acetate extract exhibiting high 

antimicrobial activity was analysed by Gas Chromatography-Mass Spectroscopy to reveal the metabolites 

produced by the strain and evidenced the presence of 39 compounds according to the available library 

data, NIST MS Search (ver. 2.0). The results of the present study revealed the production of diversified 

metabolites by the strain and hence this strain could be a possible source for novel antimicrobial 

compounds.   

Keywords — Arthrobacter kerguelensis, antimicrobial metabolites, gas chromatography, International 

Streptomyces Project, mass spectroscopy, polyphasic taxonomy. 

 

 

1 Introduction 

Natural bioactive compounds remain the best 

source of drugs and drug leads that serve as out-

standing small molecule probes to dissect funda-

mental biological reactions. The number of new 

chemical entities of microbial origin that has been 

approved by the Food and Drug Administration 

(FDA) has been reduced in the past decade. This 

scarcity can be partly attributed to the redundancy 

in the discovered molecules from microbial isolates, 

which are isolated from common terrestrial ecolog-

ical units. A great challenge for the natural product 

community is to discover novel natural products 

efficiently and cost effectively [1-4]. 

The development of resistance in microbes is the 

leading cause of short-lived euphoria over the dis-

covery of a new drug in addition to the drug’s tox-

icity. Hence, there is always a compelling need for 

discovering new drugs with newer mechanisms to 

tackle this menace. Advances in basic research have 

enabled scientists to understand the course of dis-

ease and the way a drug works at the molecular 

level. New families of anti-infective compounds are 

needed to enter the market place at regular inter-
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vals to tackle the new diseases caused by evolving 

pathogens. Emerging infectious organisms often 

encounter hosts with no prior exposure to them 

and thus represent a novel challenge to the host’s 

immune system. Several viruses responsible for 

human epidemics have made a transition from 

animal host to humans and are now transmitted 

from human to human.  

Microbes continue to play a highly considerable 

role in the drug discovery and development pro-

cess. Nevertheless, however, this situation can be 

partly overcome by exploring rarely exploited eco-

logical niches as the source of microbes, which 

reduces the chances of isolating compounds similar 

to existing ones. The use of modern and advanced 

isolation techniques, modification of the existing 

fermentation methods, genetic modifications to 

induce expression of silent genes, analytical tools 

for the detection and identification of new chemical 

entities, use of polymers in fermentation to enhance 

yield of fermented compounds, and so on, have all 

aided in enhancing the frequency of acquiring nov-

el compounds. These compounds are representa-

tive of numerous classes of diverse compounds. 

Thus, compounds of microbial origin and their 

analogues undergoing clinical trials continue to 

demonstrate the importance of compounds from 

microbial sources in modern drug discovery. 

The need to access novel bacterial species is an 

urgent practical issue, as biotech and pharmaceuti-

cal industries appear to culture and screen microbi-

al taxa that seem to be repeatedly re-isolating. In 

our search for isolation and identification of novel 

species and exploration for novel bioactive com-

pounds, we have isolated A. kerguelensis VL-RK_09, 

a rare actinobacterial strain with potential antimi-

crobial activity. In the present study an attempt 

was made to evaluate the antimicrobial compounds 

by GC-MS analysis.    

2 Materials and Methods 

2.1 Chemicals 

All the solvents and reagents used in this experi-

ment were of extra pure grade procured from 

Merck (Mumbai, India).    

2.2 Strain Isolation and Identification 

The potent rare actinobacterial strain A. kerguelensis 

VL-RK_09 was isolated from the soil samples col-

lected at a Mango orchard of Vissannapet, An-

dhrapradesh, India by soil dilution plate technique 

on YMD agar medium composed of malt extract 

(1%), yeast extract (0.4%), dextrose (0.4%), CaCO3 

(0.2%) and agar 2.0% (pH 7.0±0.2). The strain was 

identified by polyphasic approach and the 16S 

rRNA gene sequence of the strain has been depos-

ited in NCBI Genbank with an accession number 

KJ787652. ISP-2 grown culture (4 days of post inoc-

ulation) was used to observe the micromorphology 

of the strain through scanning electron microscopy 

(SEM) according to the method described by Boz-

zola and Russell [13]. The strain was maintained on 

YMD agar medium at 4oC for further studies [14].  

2.3 Screening and Selection of Suitable Culture 

Media for Bioactive Metabolite Production 

The antagonistic activity of the strain A. kerguelensis 

VL-RK_09 was evaluated by growing in different 

ISP (International Streptomyces Project) and Non 

ISP media such as ISP-1, ISP-2, ISP-3, ISP-4, ISP-5, 

ISP-6, ISP-7 and starch casein salts broth. During 

the fermentation process, growth as well as yield of 

bioactive metabolites by the strain was recorded. 

The medium which favours high yield of bioactive 

metabolite production by the strain was fixed for 

further studies. The antimicrobial activity of the 

strain was determined by agar well diffusion assay. 

The homogenous culture suspension prepared by 

suspending three day old culture in sterile saline 

was used to inoculate different media and incubat-

ed at 30°C for 5 days on a rotator shaker at 180 

rpm. Antimicrobial compound was recovered from 

the filtrate by solvent extraction method and the 

residue thus obtained was used to determine anti-

microbial activity.  

2.4 Fermentation and Extraction of Antimicrobial 

Metabolites 

The antimicrobial efficacy of the A. kerguelensis VL-

RK_09 was evaluated by extracting the fermenta-

tion broth with four solvents such as methanol, 

acetone, chloroform and ethyl acetate. Among the 

solvents used, ethyl acetate extract exhibited max-

imum antimicrobial activity where as the other 

solvent extracts showed moderate to minimum 
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activity against the test microorganisms. 

For extraction and characterization of antimicrobial 

metabolites, actively growing pure culture of the 

strain was inoculated into the production medium 

(20 L) composed of 0.4% dextrose, 0.4% yeast ex-

tract, 1% malt extract, 0.2% calcium carbonate (pH 

7.2). The flask was incubated on a rotary shaker 

(180 rpm) at 30oC for 5 days. The fermentation was 

stopped after 5 days and the culture broth obtained 

after filtration was extracted twice with ethyl ace-

tate and concentrated under reduced pressure to 

yield a crude extract (2 g). 

2.5 Characterization of Antimicrobial Metabolites 

by GC-MS Analysis 

The components of the crude ethyl acetate extract 

of the strain A. kerguelensis VL-RK_09 was analysed 

on Agilent GC–MS system (GC: 5890 series II; MSD 

5972). The fused-silica HP-5 capillary column (30 

m×0.25 mm, ID, film thickness of 0.25 µm) was 

directly coupled to the MS. The carrier gas was 

helium with a flow rate of 1.2 mL/min. Oven tem-

perature was programmed (50°C/min, then 50–

280°C at rate of 5°C/min) and, subsequently, held 

isothermally for 20 min. The temperature of the 

injector port was maintained at 250°C and that of 

detector at 280°C. The peaks of components in gas 

chromatography were subjected to mass spectral 

analysis. The spectra were analysed from the avail-

able library data, NIST MS Search (ver. 2.0) (in-

cluded with NIST’02 mass spectral library, Agilent 

p/n G1033A). 

2.6 Test Organisms 

The antimicrobial activity of strain was determined 

against several opportunistic pathogenic bacteria 

and fungi. 

Bacteria: Staphylococcus aureus MTCC 3160, Bacillus 

megaterium NCIM 2187, Shigella flexneri MTCC 

1457, Lactobacillus casei MTCC 1423, L.acidophilus 

MTCC 495, Xanthomonas campestris MTCC 2286, 

Proteus vulgaris MTCC 7299, Pseudomonas aeruginosa 

ATCC 9027, Escherichia coli ATCC 35218, Salmonella 

typhi, Vibrio cholera and Streptococcus mutans MTCC 

497. 

Fungi: Candida albicans ATCC 10231, Aspergillus 

niger, A. flavus, Fusarium solani, F. oxysporum MTCC 

3075, Penicillium citrinum and Alternaria sp.  

2.7 Biological Assay 

The antimicrobial activity of metabolites produced 

by the strain A. kerguelensis VL-RK_09 was deter-

mined by agar well diffusion method [15]. Nutrient 

agar (NA) and Czapek-Dox (CD) agar media were 

used for culturing the test bacteria and fungi re-

spectively. NA medium (100 mL) was sterilized at 

15 lbs pressure (121°C) for 15 min, cooled and in-

oculated with 0.1 mL of test bacterial suspension. 

After thorough mixing, the inoculated medium was 

poured into Petri plates under aseptic conditions. 

After solidification of agar medium, wells of about 

6 mm diameter were punched with sterilized cork 

borer. In case of antifungal assay, test fungus (105 

spores/mL) was plated onto the solidified CD agar 

plate. Ethyl acetate extract (50 ppm) was added to 

each well while the addition of only ethyl acetate 

served as control. The inoculated plates were incu-

bated at 30°C and the diameter of the inhibition 

zone was measured after 24 h of incubation for 

bacteria and 24-72 h for yeast and filamentous fun-

gi.  

3 Results and Discussion 

The potent rare actinobacterial strain isolated from 

Mango orchards of Vissannapet, which exhibited 

strong antagonistic activity, was identified as A. 

kerguelensis VL-RK_09. The detailed micro-

morphological studies through scanning electron 

microscopy revealed that the cells of the strain dis-

played rudimentary branching in the exponential 

phase and fragmented into coryneforms and coc-

coid elements at the stationary phase exhibiting the 

rod-coccus life style [16, 17]. The SEM photograph 

of the strain is presented in Figure 1. 
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Figure 1. SEM image showing the pleomorphic Ar-

throbacter cells. 

3.1 Selection of Suitable Culture Media for 

Bioactive Metabolite Production 

Among the different ISP and non ISP media 

tested, ISP-2 medium supported high yields of 

antimicrobial metabolites by the strain followed 

by peptone yeast extract iron agar medium 

(ISP-6) and inorganic salts starch agar (ISP-4) 

(Figure 2). The metabolites produced by the 

strain showed very little effect on the test or-

ganisms when cultured in ISP-1. Modified yeast 

extract malt extract dextrose broth (ISP-2) fa-

voured maximum production of antimicrobial 

metabolites by Pseudonocardia sp. UK-10 and 

Rhodococcus erythropolis VL-RK_09 isolated from 

mangrove soils and Mango orchards respective-

ly [18, 19]. 

 

Figure 2. Influence of different media on the produc-

tion of antimicrobial metabolites by A. kerguelensis 

VL-RK_09. 

Similarly Naragani et al., [20] reported that 

yeast extract malt extract dextrose agar sup-

ported the maximum bioactive metabolite pro-

duction by a marine isolate Rhodococcus 

erythropolis VLK-12. Among the different sol-

vents tested, ethyl acetate found to be the suita-

ble solvent, where as the other solvent extracts 

showed moderate to minimum activity against 

the test microorganisms (Table 1). 

Table 1. Antimicrobial activity of different solvent 

extracts of A. kerguelensis VL-RK_09. 

  Diameter of zone of inhibition (mm) 

Test organisms A* B C D 

S. aureus 14 18 16 13 

B. megaterium 16 22 20 14 

S. flexneri 15 18 16 13 

X. campestris 17 21 18 15 

P. vulgaris 12 16 14 13 

P. aeruginosa 15 18 17 14 

E. coli 12 15 13 11 

C. albicans 13 18 15 12 
*A -Chloroform extract; B - Ethyl acetate extract; C - Metha-

nol extract; D - Acetone extract 

3.2 Extraction and Characterization of Antimi-

crobial Metabolites by GC-MS Analysis 

The fermentation was stopped after 5 days and 

the culture broth obtained after filtration was 

extracted twice with ethyl acetate and concen-

trated under reduced pressure to yield a dark 

brown crude extract (2 g). Analysis of the com-

ponents of ethylacetate extract by GC revealed 

the presence of 39 peaks at different retention 

times (Figure 3). 

 

Figure 3. GC MSD spectrum of ethyl acetate extract 

of A. kerguelensis VL-RK_09. 

According to the available library data, NIST 

MS Search (ver. 2.0) (included with NIST ‘02 

mass spectral library, Agilent p/n G1033 A), 

compounds viz., 1 to 39 present crude ethyl 

acetate extract were tentatively identified and 

the details of the compounds are presented in 

Table 2 
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Table 2. Antimicrobial compounds identified in ethyl 

acetate extract by GC-MS. 

Peak 

No 
Compound Name 

Retention 

Time 
Area% 

1 Benzene acetic acid 3.24 14.48 

2 17-Pentatriacontene 3.53 0.83 

3 Butanoic acid 3.95 0.54 

4 3-Octanone 4.15 0.41 

5 1-Dodecene 4.25 0.2 

6 Tetradecene 4.25 0.41 

7 alpha–Farnasene 5.22 0.41 

8 
7H-1,3-Dioxolo[4,5] furo [3,2-

d] [1,3] dioxin 
5.41 0.49 

9 
4-Amino-2,6-

dihydroxypyrimidine 
5.75 0.73 

10 beta Phenylethyl butyrate 6.19 19.11 

11 N-Propyl-butyramide 6.83 0.53 

12 Propanoic acid 7.08 5.29 

13 2-Pentanone 7.23 6.42 

14 3-Eicosene 8.18 0.19 

15 Octadecene 8.28 1.5 

16 1,2-Benzenedicarboxylic acid 8.64 0.55 

17 10-Nonadecanone 8.89 0.36 

18 Mefenoxam 9.18 15.92 

19 Pentadecanoic acid 9.39 0.4 

20 Dibutyl Pthalate 9.57 1.08 

21 n-Hexadecanoic acid 9.83 4.64 

22 Z-8-Hexadecene 10.17 0.23 

23 Heptadecene 10.26 0.63 

24 13-Octadecenol 11.47 0.68 

25 Octadecanoic acid 11.7 1.33 

26 1,1-Biphenyl-3-amine 11.86 1.59 

27 1-Heptacosanol 12.02 0.23 

28 Docosane 12.09 0.41 

29 9,10-Anthracenedione 12.54 0.32 

30 1H-1,2,4-Triazole 13.29 1.24 

31 2-Thiophenecarboxylic acid 13.37 2.29 

32 [1,1-Biphenyl]-4-amine 13.57 5.64 

33 Nonadecane 13.78 0.44 

34 Carbazole 15.15 0.22 

35 E-Z-8,10-Dodecadien-1-ol 16.7 0.48 

36 3,7,11-Tridecatrienenitrile 16.89 0.15 

37 
3-[4-Methoxyphenyl] quino-

lin-4-ol 
18.04 0.39 

38 Phthalic anhydride 21.94 5.27 

39 Quinoline 22.2 0.79 

 

The ethyl acetate extract of A. kerguelensis VL-

RK_09 exhibited good antimicrobial activity 

against Gram positive, Gram negative bacteria 

and fungi (Table 3). Among the bacteria tested, 

Bacillus megaterium was highly sensitive to the 

metabolites followed by Pseudomonas aeruginosa, 

Staphylococcus aureus, Xanthomonas campestris, 

Streptococcus mutans, Shigella flexneri, Corynebac-

terium diptheriae, Lactobacillus casei, L. acidophilus, 

Proteus vulgaris, Vibrio cholerae and Salmonella 

typhi. Among the fungi tested, Candida albicans 

exhibited high sensitivity followed by Aspergil-

lus niger, A. flavus, Fusarium solani, F.oxysporum, 

Penicillium citrinum, and Alternaria sp. 

Table 3. Antimicrobial activity of crude ethyl acetate 

extract of A. kerguelensis VL-RK_09. 

Test Microorganisms Zone of inhibition (mm) 

Bacteria   

Staphylococcus aureus 34 

Bacillus megaterium 37 

Shigella flexneri 28 

Xanthomonas campestris 32 

Proteus vulgaris 26 

Pseudomonas aeruginosa 33 

Escherichia coli 24 

Salmonella typhi 18 

Streptococcus mutans  25 

Vibrio cholera 24 

Lactobacillus casei 26 

L. acidophilus 25 

Fungi  

Candida albicans 29 

Aspergillus niger 25 

A. flavus 22 

Fusarium solani 21 

F. oxysporum 20 

Penicillium citrinum 18 

Alternaria sp. 21 

Values are mean±S.E.M (n = 3) 

Designing the appropriate fermentation medi-

um is a crucial step in the production of sec-

ondary metabolites [21]. Prior knowledge and 

experience in developing a suitable basal medi-

um may play an important role in further me-

dium optimization [22]. Secondary metabolite 

production is often influenced by various envi-

ronmental factors including nutrients (nitrogen 

and carbon source), oxygen supply, tempera-

ture, pH [23-25]. The genus Arthrobacter has not 

been well explored for the production of sec-
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ondary metabolites though there were a few 

reports. Arthrobacter sp. isolated from three 

different Antarctic sponges produced antimi-

crobial compounds active against Burkholderia 

cepacia complex. The antimicrobial compounds 

belong to the class of volatile organic com-

pounds (VOCs). A novel exopolysaccharide, B4-

EPS produced by Arthrobacter sp. B4 was re-

ported to inhibit biofilm formation by Pseudo-

monas aeruginosa PAO1 [26]. 

Actinobacteria are a physiologically diverse 

group and are of great importance in biotechno-

logical processes because of their ability to pro-

duce a large number of antibiotics, enzymes, 

and other therapeutically useful secondary 

metabolites with diverse biological activities 

with original and unforeseen structures, and 

are selective inhibitors of their molecular tar-

gets. 

4 Conclusion 

In the present study, the strain Arthrobacter 

kerguelensis VL-RK_09 exhibited strong antimi-

crobial activity against oppurtunistic pathogen-

ic bacteria and fungi when cultured in ISP-2 

under controlled conditions. The analysis of 

crude ethyl acetate extract by GC-MS analysis 

revealed the presence of important antimicrobi-

al compounds and hence the strain could be 

used as a source of novel antimicrobial com-

pounds. 
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