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Abstract

DIMITROVA, D., P. DORKOV and B. GOCHEVA, 2013. Antibiotic complex, produced by an Antarctic actinomycete strain 
S. Anulatus 39 LBG09. Bulg. J. Agric. Sci., Supplement 2, 19: 72–76

The strain Streptomyces anulatus 39 LBG09 was selected after screening of 17 actinomycete strains, isolated from sam-
ples of soil collected from Livingston Island, Antarctica, for production of antimicrobial substances. The strain synthesizes 
extracellular (86%) broad-spectrum antibiotic complex active against Gram-positive and Gram-negative bacteria including 
phytopathogenic bacteria. After discarding the mycelium the fi ltrates were extracted with several organic solvents for isola-
tion and determination of polarity of the active substances. The most appropriate solvent was etylacetate, followed by acetone 
and diethyl ether. The complex mixture of several antibiotic substances with different polarity was found. The active extracts 
were subjected to TLC, additional purifi cation through column chromatographic separation and HPLC-analysis. It was proved 
that the antibiotic complex consisted of three components: С1 (32.21%), С2 (13.21%) and С3 (18.33%). The components with 
polyene structure, as well as with spiranolactone and macrolactone rings were not found. The presence of aromatic rings was 
suggested. The antibiotic complex, synthesized by S. anulatus 39 LBG09, was thermo- and alkali- stable. 

Key words: antibiotic complex, component composition, screening, spectrum of activity 
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Introduction

Antarctica is a relatively less studied continent, which 
provokes the interest of scientists because of the possibility 
new species of microorganisms to be discovered (Learn-
Han Lee et al., 2012) whith biosynthetic potential for valu-
able metabolites (Raykovska еt al., 2005) including antibi-
otics (Noustorova et al., 1999; Bruntner et al., 2005). The 
study of actinomycetes from extreme environments such 
as Antarctic soil increases the probability for the detection 
of novel substances or novel activities (Badzinerov et al., 
2009). Actinomycetes are most rare among the microorgan-

isms, isolated from Antarctic samples. Most of them are 
streptomycetes but some other species are also identifi ed, 
including some new ones (Noustorova et al., 2001). Nearly 
50% of them demonstrate antagonistic properties against 
Gram-positive, Gram-negative microorganisms and phy-
topathogenic bacteria and could potentially be used in the 
development of new compounds for pharmaceutical or ag-
ricultural purposes (Nedialkova and Naidenova, 2004).

The fact that Antarctic soils are unique source of produc-
ers of cold-active antimicrobial compounds, defi ned the ob-
jective of the present study: selection of active streptomycete 
producers of antibiotic substances. 
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Materials and Methods

Materials
Microorganisms: The strain S. anulatus 39 LBG09 and 

the other 16 screened streptomycete strains were isolated 
from soil samples from The Livingston Island, Antarctic 
(The Antarctic Collection of The Department of General 
and Indusrial Microbiology of The Biology Faculty at Sofi a 
University “St. Kliment Ohridski”). Test-microorganisms: 
Bacillus subtilis NBIMCC 2353, Staphylococcus aureus, 
Micrococcus luteus, Escherichia coli, Proteus vulgaris, Er-
winia amylovora, Pseudomonas syringae patovar syringae, 
Aspergillus oryzae, Aspergillus niger NBIMCC 3253, Fu-
sarium oxysporum, Penicillium notatum and Candida albi-
cans.

Nutrition media: Mineral Gauze 1 medium, Malt media 
(ISP-2), Nutrient agar (NA, Merck), Beer agar (BA), Potato-
dextrose agar (Oxoid).

Cultivation conditions. For maintaining and obtaining 
of spore material, the investigated strain was cultivated on 
ISP-2 medium at 250С for 15–20 days. The biosynthesis of 
antibacterial substances was tested in conditions of dynamic 
batch cultivation. The active strains were cultivated on a ro-
tary shaker at 25°C and 205 rpm for 144 h. The fermentation 
media were inoculated with 10 % of inoculum taken from 
48 h culture. 

Methods
Antimicrobial activity and MIC. The antimicrobial ac-

tivity of the strains was tested by the well-diffusion method 
using agar blocks or ethanol mycelium extracts and culture 
medium fi ltrates. The test-microorganisms were cultivated 
as follows: bacteria – on NA and Potato dextrose agar, yeast 
and the mould – on BA. MIC of the methanol fractions was 
similarly determined at the different concentrations and 50% 
(v/v) methanol-water as a negative control.

Isolation and partial purifi cation of antibiotic sub-
stances. The mycelium was fi ltered and the supernatant was 
extracted with 5 organic solvents with increasing polarity – 
dichlormethane (CH2Cl2), diethyl ether ((C2H5)2O), ethylac-
etate (CH3COOC2H5), acetone (CH3COCH3) and methanol 
CH3OH). The polarity of the mobile phase of the active frac-
tions was determined by TLC (Silica gel 60 F254 Merck). For 
further purifi cation a chromatographic separation in column 
(Silica gel 60 for column chromatography, Merck) was per-
formed followed by eluation in solvent mixture. The purifi ed 
compounds were analysed by HPLC system Agilent 1100 
Series with UV/VIS-detector (at 260 nm), and Zorbax ODS-
C18 column for determining their component composition. 

Determination of some properties of the antibiotic 
substances. The рН and thermostability of the antimicrobial 
substances were determined by the method of Gauze (1961). 
Determination of functional groups was made by using nin-
hidrin method (Neuberg, 1913) for amino-groups and vanil-
line method with Komarovski reaction (Nogare, 1953) – for 
polyether structures and spirano-lactones; spectral character-
istics and Dragendorf reaction for macrolactone and macro-
lactame rings. 

Results and Discussion

Screening for biosynthesis of antimicrobial substances 
Actinomycetes that produce antibiotics have been iso-

lated from Antarctica. In one study, 47 actinomyces strains 
were isolated from Antarctic soils and 19 were shown to 
have antagonistic activity against Gram-positive and Gram-
negative bacteria. Six of them strains possessed a broad 
spectrum of antibacterial activities (Moncheva et al., 2002).

Preliminary screening of seventeen Antarctic streptomy-
cete strains for production of antibacterial compounds was 
lead against test-culture B. subtilis (Figure 1). Most of the 
strains (82.36%) did not synthesize antimicrobial products. 
Only three of them possessed antimicrobial activity: S. cya-
neus 35 LBG09, Streptomyces sp. 36 LBG09 and S. anulatus 
39 LBG09. The screening was comparable to the ice micro-
fl ora studied by other authors (Noustorova et al., 1999), who 
have established that less than 50% of the actinomycetes ex-
hibit low antibiotic activity against various test-cultures. After 
primary screening for antibacterial activity, 19 strains were 
selected, by which antibiotic activity varied from 14 to 37 mm 
sterile zone against to referent strain B. subtilis ATCC 6633.

The antibiotics suppress the growth of a particular group 
or groups of microorganisms, which characterizes its activity 
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Fig. 1. Antibacterial activity of the screened streptomycete 
strains against B. subtilis 6633 АТСС
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spectrum. The antibiotic compounds produced by S. anulatus 
39 LBG09 showed the broadest antimicrobial acitivity spec-
trum against various Gram-positive and Gram-negative bac-
teria, yeasts, microscopic fungi and some phytopathogenic 
bacteria. This focussed our interest to it for further research. 
The results (Figure 2) showed that the strain possesses sig-
nifi cant activity to 4 of total 12 tested cultures (33.33%): M. 
luteus, B. subtilis and the phytopathogenic E. amylovora and 
P. syringae patovar syringae. The MIC against M. luteus was 
also high but against B. subtilis, E. amylovora and P. syrin-
gae patovar syringae – medium. Most probably, the medium 
was not suitable for antibiotic biosynthesis from the strains 
S. anulatus 39 LBG09. Optimization of the conditions for 
antibiotic synthesis of the strain as well as establishing a 
suitable media for antibiotic production will be the aim of 
further studies.

The discovery of antagonists to both Gram-positive and 
Gram-negative bacteria is important and is of interest for 
plant protection. There was a little information in the litera-
ture about antibiotics active against phytopathogenic bacte-
ria. Antibiotic compounds, effective against the phytopatho-
genic E. аmylovora, are not known so far with the exception 
of the ones synthesized by Streptomyces sp. 47 (Badzhinerov 
et al., 2005). In the study of Moncheva et al. (2002) three 
of 47 strains also showed antibacterial activity against the 
phytopathogenic bacteria (Xanthomonas and Pseudomonas 
syringae pv. tomato). 

Isolation and partial purifi cation of the antibiotic substance
After batch cultivation of the producing strain in Gauze 

1 medium (modifi ed with glucose as a carbon source), the 
cultural liquid was centrifugated for discarding the micelium 
(5000 rpm, 40С, 20 min). The obtained fi ltrate and the myce-
lium, extracted with methanol, were tested for antibacterial 
activity against M. luteus. Extracellular biosynthesis (86%) 
was established. The fi ltrate was extracted afterwards with 5 
organic solvents. The antibacterial activities of the extracts 

were determined at every stage by dissolving the dry com-
pound in 50% CH3OH after vacuum vaporation. Methanol, 
50% aqueous solution was used as a control. The highest 
antibacterial activity showed the etylacetate extract followed 
by acetone and dyethil ether extracts (Figure 3) which sug-
gested that the antibiotic complex was a mixture of several 
antibiotic substances with different polarity. 

Microorganisms often synthesize antibiotic complexes 
which components can interact with each other and the re-
sulting effect to be different. The most active extract was 
subjected to TLC for mobile system CHCl3: CH3COOC2H5 
= 3:1. Three major components were detected by HPLC in 
the purifi ed extract, marked as С1, С2 and С3 (Table 1 and 
Figure 4).  

The relationship between chemical structure and biologi-
cal activity of the antibiotics is based on functional groups 
determining the activity on molecular level. The antibiotics 
usually contain polar groups, which are involved in the in-
teraction of bacterial macromolecules. This leads to suppres-
sion of the bacterial growth (Lanchini and Parenti, 1985). 
The qualitative analyses held of the three antibacterial com-
ponents show absence of amino-groups, polyene and poly-
ether structures, spirano-lactones and macrolactone rings. 
The presence of aromatic rings is suggested.
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Fig. 2. Antimicrobial spectrum of the strain S. anulatus 
39 LBG09
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Fig. 3. Antimicrobial activities of the S. anulatus 39 

LBG09 extracts against M.  luteus: 
1 – methilenechloride; 2 – dyethil ether; 3 – etylacetate; 

4 – acetone; 5 – methanol

Table 1
Component composition of the antibiotic substance from 
S. anulatus 39 LBG09
Rt [min] % components Component
2.59 36.21 С1
2.77 13.21 С2
3.22 18.33 С3
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Determination of some properties of the antibiotic 
substances

The thermostability of the antibiotic complex produced by S. 
anulatus 39 LBG09 was tested and it was proven that it is ther-
mostable (Figure 5). Despite of the prolonged incubation at high 
temperatures, the deactivation of the antibiotic substance was 
minimal (by 4.77% at 800C for 30 min and by 9.53% for 60 min).

The infl uence of pH on the activity of the antibiotic com-
plex was determined at three pH values: 3, 7, 10 and two 
temperatures – 22oC (room temperature) and 50oC (Figure 
6). It was established that the antibiotic complex was stable 
at pH 10 22oC where the antibiotic activity was reduced by 
16% at 50oC. At pH 3 the antibiotic activity was reduced by 
50% at 22oC and by 76% at 500С.

Fig. 4. HPLC-chromatograme of the antibiotic complex
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Conclusion

The antarctic strain S. anulatus 39 LBG09 synthesizes 
extracellular antibiotic substance active against Gram-posi-

tive, Gram-negative and phytopathogenic bacteria. The an-
tibiotic complex consists of three components. The compo-
nents with polyene structure, as well as with spiranolactone 
and macrolactone rings were not found. The presence of 
aromatic rings was suggested. The complex was thermo- 
and alkali- stable. 
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