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Abstract: A highly active antibiotic was extracted from the fermentation broth of Streptomyces
plicatus which isolated from Wadey El-Natron salt lacks. The antibiotic was extracted with n-butanol
at pH 8 and purified by thin layer chromatography using petroleum ether (60-80). The physico-
chemical properties of this compound indicated that the UV absorption spectra showed one absorption
band at 453 nm and mass spectra and the formula is C,sH;5N50,, molecular weight is 309 and
according to the revealed structure the compound could be named 1,6 Diamino-2-oxo-4 (4-
propoxyphenyl) 1,2 dihydro pyridine-3, 5 dicarbonitrile. It shows wide antimicrobial spectrum against
bacteria and fungi. In addition the antimicrobial agent belong to the aminoglycoside group and
produced under the following condition: incubation period 96 hours with agitation (180 rpm) and at
28°C. As far as the authors are aware, this the first time to obtain this novel compound from S. plicatus
which proven its high antimicrobial activity against the tested microorganisms.

Kew words: Antibiotic, Local Streptomyces Isolates, Egyptian soil.

INTRODUCTION

Although a number of antibiotic are widely used in medicine, the search for antimicrobial substance will
continues because better and safer drugs to combat Gram negative bacteria and fungal infections are still
needed. Moreover, antibiotic-resistant bacteria are widely distributed in the environment due to the extensive
use of antibiotic in medicine and agriculture throughout the world (Armstrong et al., 1981, Rolland et al., 1985
and Oskay, M. 2009).

In course of screening for antibiotic produced by Actinomycetes spp., we found that, a soil isolate,
Streptomyces plicatus as a producer of a novel antibiotic which is active against Gram negative, Gram positive
bacteria and fungi as shown by Osman, et al. 2011. Also, the taxonomy of the producing microorganism and
some of its antimicrobial activity have been described.

MATERIALS AND METHODS

Fermentation and Production of the Antibiotic:

Streptomyces plicatus has been isolated and identified as one of the most potent lacal strains in inhibitory
effect against Gram positive and negative bacteria and fungi (Osman, et al., 2011).

Stock cultures of the organism were maintained at 4°C on starch-nitrate agar medium containing 0.5% yeast
extract and monthly sub-cultured.

Spore suspension preparation was carried out by inoculated 250 ml Erlenmeyer flask containing 50 ml of
seed medium (starch nitrate broth) and shaken for 72h at 28°C. Production of the antibiotic was carried out in
250 ml shake flasks containing 50 ml of production medium of the fish meal extract at pH 7.0 and inoculated by
1 ml of spore inoculum.

The inoculated flasks were incubated on a rotary shaker, operating 180 rpm for 4 days at 28°C. The
antibiotic activity was assayed during fermentation by measuring the inhibition zone using E. coli as test
organism.

Extraction of Antibiotic:

10 liters of the filtered broth was collected from three fermentation batches and their pH was adjusted to
8.0. The filtrate was extracted twice with n-butanol then the combined extract was concentrated in vacuum using
rotary evaporator to the least amount which contains the active material.

Purification of Antibiotic:
The crude brown powder was dissolved in a small volume of n-butanol and was further purified by
chromatography on silica gel 60 F254 plates using petroleum ether 60-80 as a developing solvent system. The
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active fraction (Rf 0.8) was eluted with n-butanol solvent. The elute fraction was concentrated by evaporation in
vacuum to give brownish needle.

Identification of the Produced Antibiotic:

Identification of the antibiotic was carried out by determining its Rf values, spectroscopic analysis which
included Ultra-Violet (UV), Infra-Red (IR), Mass spectra, elemental analysis and color reactions.

UV-visible absorption spectra were recorded with spectrophotometer (Unicam 1300) for determination of
the wave length of molecule using Shimadzu QP-2010 plus at NODCAR. Mass spectra were used to determine
the molecule weight of the molecule using Hewlett-Packard GC/MS system 5988A (Micro analysis system,
Cairo University). The percentage of carbon, hydrogen and nitrogen were calculated in order to determine the
chemical formula using Perking-Elmer 2400 (Micro analysis system, Cairo University) (Reddy, et al., 2011).

The Minimum Inhibitory Concentration Assay:

The minimum inhibitory concentration (MIC) was determined by the agar well method using different test
organisms (Shahrokhi et al., 2005). The antimicrobial activity was monitored during the steps of isolation and
purification by the paper disc assay technique using the test microorganisms; Gram positive bacteria Bacillus
subtills ATCC 6633, Staphylococcus aureus ATCC 29737 and Micrococcus luteus ATCC 10240; Gram
negative bacteria Escherichia coli ATCC 14169, Pseudomonas aeruginosa ATCC 9072 and Proteus vulgaris ;
yeast Candida albicans ATCC 10231 and Saccharomyces cervisine ATCC 9080; and fungi Aspergillus niger
and Penicillium chrisogenum. The bacteria were grown on nutrient agar (Difco) at 37°C for 1-2 days and fungi
were grown on Sabouraud agar (Difco) at 28°C for 2-3 days (Oskay, 2009).

RESULTS AND DISCUSSION

The production of antibiotic was carried out in 250 ml shake flask contains 50 ml fish meal extract at pH
7.0, as a production medium, which inoculated by one ml spore inoculums of Streptomyces plicatus.

The fermentation pattern of the antibiotic was shown in figure 1. The production of antibiotic started after
48h i.e. before the log phase, reaching its maximum after 96h fermentation.

‘ Antibiotic activity (ug/ml) —=— Mycelia dry weight (mg/ml culture)‘

Antibiotic activity (ug/ml)
Mycelia dry weight (mg/ml
culture)

0 24 48 72 96 120 144
Time of fermentation/h

Fig. 1: Time course of antibiotic produced by S. plicatus

Physicochemical Properties:

The antibiotic was obtained as brownish needles which melted at 230°C. It was soluble in benzene , n-
butanol , methanol, petroleum ether 60-80 and hexan but was insoluble in chloroform, acetone ethyl acetate and
diethyl ether.

The chromatographic spectrum of the antibiotic, using paper chromatography at different developing
systems (Betina, 1967 and Blinov and Khokhov, 1970) is presented in figure 2.

The melting point of the produced antibiotic was determined. It was found that the brownish needles was
melted at 230°C.

Elemental analysis revealed the presence of Carbon (53.6%), hydrogen (4.5%), Nitrogen (39.5%) and
absence of halogen and sulphur.

The molecular formula of the antibiotic by Streptomyces plicatus was C,¢H;sNsO,, and molecular weight
309.

The UV absorption spectra showed one absorption band at 453 nm in n-butanol (Figure 3).

The infra-red absorption spectrum of antimicrobial substances in KBr of Streptomyces plicatus is shown in
figure 4 and the characteristic bands as shown in table 1.

The GC mass spectrum of the antibiotic produced by Streptomyces plicatus was shown in figure 5.
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Fig. 2: Chromatographic spectrum of the antibiotic produced by S. plicatus.

Fig. 3: Ultra-Violet of antimicrobial substance produced by S. plicatus.

Fig. 4: Infra-red of antimicrobial substance produced by S. plicatus.

Table 1: Infra-red characteristic group of the antimicrobial substance produced by S. plicatus.

Frequency Assignment
2954 —CH aromatic
2852 Alephatic group
2360 OH free
2324 Phenol group
1730 —-C=0
1680 —C=N
1460 —C=C

The results of UV, IR, Elementary analysis and MS proposed the structure as in figure (6) of the pure
isolated compound was belong to aminoglycoside antibiotic with molecular formula C;sH;sN4O,, melting point
230 °C, mol-weight 309 and could be identified as 1,6 diamino-20x0-4 (4 propoxyphenyl) 1,2 dihydropyrdine

3,5 dicarbonitrile.

The antibiotic produced by S. plicatus isolated from soil of Wady El-Natron is identified and determined
using UV, IR, Melting point, elemental analysis, molecular weight, molecular formula and antimicrobial

activity. From the observed data, this antibiotic could be classified under aminoglycoside group.
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Fig. 5: Mass spectroscopy of antimicrobial substance produced by S. plicatus.
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Fig. 6: Chemical structure of antimicrobial substance produced by S. plicatus.

Antimicrobial Properties:

The minimum inhibitory concentration of the antibiotic produced by Streptomyces plicatus against different
microorganisms is given in table 2 including Gram positive and Gram negative bacteria, yeast and filamentous
fungi.

Table 2: Antimicrobial activity of antimicrobial produced by S. plicatus.

Tested organisms MIC (pg/ml)
Staphylococcus aureus 1.56
Bacillus subtills 1.92
Micrococcus luteus 3.00
Escherichia coli 2.20
Pseudomonas aeruginosa 1.25
Proteus vulgaris 1.95
Aspergillus niger 1.70
Penicillium chrisogenum 1.30
Candida albicans 1.20
Saccharomyces cervisine 1.20

The data shown that, the antibiotic produced by Streptomyces plicatus is widely spectrum. Zamanian, et al
(2005) found that new strain of Streptomyces plicatus was isolated from Iran soil. It produces secondary
metabolites which has antimicrobial activity against some bacteria.

The antibiotic produced by S. plicatus was identified by comparison of its physico-chemical characteristic,
with the properties described in literature. S. plicatus can be produced several type of antibacterial antibiotic
such as Actinomycin D, Norplicacetin, Plicamycin and Mithramycin A (Lam, et al. 2002; Benoit, et al. 2006;
Evans and Glenis 1977 and National Cancer institute (NIC), 2005). It noticed that the Plicamycin with
antineoplastic activity and Mithramycin A is an anticancer antibiotic inhibits transcription and protein synthesis.
Accordingly the present investigation revealed the production of novel compound which identified as 1,6
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Diamino-2-o0x0-4 (4-propoxyphenyl) 1,2 dihydro pyridine-3, 5 dicarbonitrile from a local strain of Streptomyces
plicatus.
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