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ABSTRACT

Hygromyecin B is an aminoglycoside antibiotic that kills bacteria, fungi and higher eukaryotic
cells by inhibiting protein synthesis. It is biosynthesized in this research by Streptomyces sp. AZ151,
isolated from soil sample in Assuit governorate and chosen among 194 actinomycete isclates.
Morphological, physiclogical and biochemical culture characteristics as well as 165 rRINA nucleotide
analysis confirmed strain AZ151 as Streptomyces crystallinus. An optimum environmental and
nutritional condition in culture medium of this strain showed strong antibacterial and antifungal
activities. Using organic solvent extraction, silica gel column chromatography and TLC, a high
active metabolite, Hygromycin-B, was separated and identified as a suggested empirical formula
of C,H;.N,O,, and confirmed a biological efficiency.

Key words: Hygromycin-B antibiotic, Streptomyces crystallinus, 168 rRNA, extraction,
identification, antimicrobial activities

INTRODUCTION

The genus Sireptomyces 1s a particularly fruitful source of antifungals, antibiotics
{antibacterials) and chemotherapeutic (anticancer) drugs (Raja and Prabakarana, 2011). The
bacterial genus Streptomyces is a high G+C content, Gram-positive filamentous soil bacteria with
a complex life cycle that includes morphological differentiation and spore formation (Del-Sol ef al.,
2007). Medical geography is the influence of environmental (natural and human) factors on
biclogical system of human, plant and animals which is even recognized as an effective and basic
factor in mortality (Esmaeili and Moshiri, 2011). Also, it has long been appreciated as a rich source
for the production of varicus secondary metabolites including many pharmaceutically valuable
compounds such as antibiotics, anti-cancer agents, immunosuppressants and enzyme inhibitors
{Hindra and Elliot, 2010; Myles, 2003). Based on 165 rDNA sequence and phylogenetic tree
analysis, Khucharcenphaisan ef al. (2012) assigned Streptomyces strain FSFNRU 102 and reported
that this a new isolate belong to the Streptomyces niveoruber. It i1s well documented that the
biosynthesis of Streptomyces secondary metabolites is typically regulated via multiple regulatory
pathways operating with several layers of complicated control systems (Chen ef al., 2010; Lee et al.,
2005). The rRNA sequences is a particularly powerful teol in streptomyecete taxonomy. In addition,
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rRINA sequence has also been useful for answering questions concerning the horizontal transfer
of genes within the genus Streptomyees (Huddleston et al., 1997).

The crude antibiotic was tested by using pre coated Thin-Layer Chromatography (TLC) plates
and purified by column chromatography using silica gel (Augustine et al., 2005). The antibacterial
activity of Hygromyecin A (HA) arises from protein synthesis inhibition and is dependent upon a
methylenedioxy bridged-aminocychitol moiety. Selective gene deletions and chemical
complementation in Streptomyces hygroscopicus NRRL 2388 showed that the hygl8 and hyg25
gene products, proposed to generate a myo-inositol intermediate, are dispensable for HA
biosynthesis but contribute to antibiotic yields (Palaniappan et «l., 2009). Antibacterial compound
was purified from the filtrate by solvent extraction method. A comparative study on the total
antibiotic sensitivity of the free cells and immobilized cells showed that the immobilized strains were
found to be effective against the tested microorganisms. The immobilized cell of actinomycetes was
found te be more efficient for the production of secondary metabolites with batch fermentation
{Dhananjeyan et al., 2010). The morphological character showed the variety of aerial hyphae and
spore forming in each strain. The dendrogram was constructed based on biedegradation activity
of tested strains (Khucharoenphaisan et al., 2011).

This research has first confirmed the isolation Streptomyces strain, AZ151 out of 194 1sclates
from 44 soil samples at upper Egypt (Assuit governorate). Then it confirmed the identity of this
strain, by maorphological, physiological and biochemical characteristics as well as 165 rRNA, as
Streptomyces crystallinus, Optimum environmental and nutritional requirements were carried out
to obtain the highest yield of antibiotic. An antimicrobial compound was separated and purified
from the culture broth of this strain through organic solvent extraction, column chromatography
and TLC purification. It possesses strong inhibitory activity toward fungal and bacterial strains
tested which give a chance to be applied in medical and other fields.

MATERIALS AND METHODS

Microorganism: The actinomycete AZ151 was isolated from scil sample collected from
Assuit governorate, It was purified using the soil dilution plate technique described by
Williams and Davies (1965).

Screening for antimicrobial activity: The anti-microbial activity was determined according to
Kavanagh (1972).

Taxonomic studies of actinomycete isolate (AZ151)

Morphological characteristics: Morphological characteristics of aerial hyphae, spore mass,
spore surface, color of aerial and substrate mycelia and soluble pigments production were conducted
by growing the organism on starch-nitrate agar medium and Yeast extract-malt extract agar
medium (Atta et al., 2011).

Physiological and biochemical characteristics: Lecithinase was detected using egg B yolk
medium according to the method of Nitsch and Rutzner (1969), Lipase (Klwan et al.,, 1977),
Protease (Chapman, 1952), Pectinase (Hankin et al., 1971), ¢-amylase (Ammar ef al., 1998) and
Catalase Test (Jones, 1949). Melanin pigment (Pridham et af., 1956). Ksculin broth and xanthine
have been done according to Gorden et al. (1974). Nitrate reduction was performed according to
the method of Gordon (1966). Hydrogen sulphide preoduction was carried out according to
Cowan and Steel (1974). The utilization of different carbon and nitrogen scurces was carried out
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according to Pridham and Gottlieb (1948). Determination of Diamincpimelic acid (DAF) and sugar
pattern was carried out according to Becker ef al. (1964) and Lechevalier and Lechevalier (1970).

Color characteristics: The ISCC-NBS Color Name Charts illustrated with centroid detection of
the aerial, substrate mycelia and soluble pigments {(Kenneth and Deane, 1955).

DNA isolation and manipulation: The locally 1solated actinomycete strain was grown for 6 days
on a starch agar slant at 30°C. Two milliliters of a spore suspension were inoculated into the starch-
nitrate broth and incubated for 4 days on a shaker incubator at 200 rpm and 30°C to form a pellet
of vegetative cells (pre-sporulation). The preparation of total genomic DNA was conducted as
described by Sambrook et al. (1989).

Amplification and sequencing of the 165 rRNA gene: PCR amplification of the 165 rRNA
gene of the local actinomycete strain was conducted using two primers, StrepF; 5.-ACGTGTGCAG
CCCAAGACA-3. and Strep R; 5 ACAAGCCCTGGAAACGGGGT-3. (Kdwards et al., 1989). The PCR
mixture consisted of 20 pmol of each primer, 100 ng of chromosomal DINA, 200 uM dNTPs and
2.5 units of Taq polymerase, in 50 pl. of polymerase buffer. Amplification was conducted for
30 cycles of 1 min at 94°C, 1 min of annealing at 53°C and 2 min of extension at 72°C. The PCR
reaction mixture was then analyzed via agarose gel electrophoresis and the remaining mixture was
purified using QIA quick PCR purification reagents (Qiagen, USA). The 16 5 rRNA gene was
sequenced on both strands via the dideoxy chain termination method (Sanger ef al., 1977).

Sequence similarities and phylogenetic analysis: The BLAST program {(www.nchi.nlm.
nih.goviblast) was employed in order to assess the degree of DNA similarity. Multiple sequence
alignment and molecular phylogeny were evaluated using BioEdit software (Hall, 1999).

Parameters controlling antimicrobial agent biosynthesis: These included; incubation period
and temperature; agitation and aeration; pH values; carbon source and nitrogen sources; vitamins,
MgS0,.7H,0 and K,HPO, concentrations; inoculum age and size, amino acids; and medium kinds.
All these parameters have been determined by the standard methods.

Fermentation and purification of antibacterial agent

Fermentation: The Streptomyces erystallinus, AZ151 inoculum was introduced aseptically into
each sterile flask containing the following ingredients (g L.™"): Arabinose, 20; NaNO,, 2.0; K,HPO,,
0.8, MgS0,.7TH,O, 0.7, vitamin H, ppm and KCI, 0.5. The pH was adjusted at 8.0 before
sterilization. After 10 days of incubation at 35°C filtration was carried out through filter paper
Whatman No. 1 and followed by centrifugation at 5000 rpm for 15 min. Only clear filtrates were
tested for their antimicrobial activities.

Extraction: The clear filtrate was adjusted at different pH values (4-9) and extraction process was
carried out using different solvents separately at the level of 1:1 (v/v). The organic phase was
concentrated to dryness under vacuum using a rotary evaporator.

Precipitation: The precipitation process of the erude compound was carried out using petroleum
ether (b.p. 60-80°C) followed by centrifugation at 5000 r.p.m for 15 min. The precipitate was tested
for its antimicrobial activities.
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Separation: Separation of the antimicrobial compound inte its individual components was
conducted by thin layer chromatography using chloroform and methanol (24:1, v/v) as a solvent
system.

Purification: The purification of the antimicrobial compound was carried out using silica gel
column (2.5x50) chromatography. Chloroform and Methanol 8:2 {(v/v), was used as an eluting
solvent. The column was left overnight. until the silica gel (Prolabo) was completely settled. One
milliliter crude extract to be fractionated was added on the silica gel column surface and the extract
was adsorbed on top of silica gel. Fifty fractions were collected (each of 5 mL) and tested for their
antibacterial activities.

Physico-chemical properties of antimicrobial agent
Elemental analysis: The elemental analysis of C, H, O, N and S was carried out at the
microanalytical center, Cairo University, Egypt.

Spectroscopic analysis: The IR, UV and Mass spectrum were determined at the micro analytical
center of Caire University, Egypt.

Biological activity: The Minimum Inhibitory Concentration (MIC) has been determined by the
cup method assay (Kavanagh, 1972),

Characterization of the antibacterial agent: The antibiotic produced by Sireptomyees

erystallinus, AZ151 was identified according to the recommended international references of
Umezawa (1977) and Berdy (1974, 1980).

RESULTS

Isolation, purification and biocactivity of actinomycete isolates: Isolation and purification
of actinomycete colonies {the broadest source of antibiotics) from 40 soil samples collected from
various Egyptian localities e.g. (Assiut, Luxor and El-Minia governorates). The highest number of
isolates (84) out of 194 (43.2%) were isclated on starch nitrate agar medium followed by 55 isolates
{28.3%) on both starch casein agar and glycerol asparagine agar (data not shown). Scereening test,
for 194 actinomycete isolates, against certain bacteria, fungi and yeast, confirmed that the highest
percentage (38%) 74 active isolates was obtained against Sigphviococcus aureus 90.5% (67)
followed by Aternaria alternata, 43.2% (32) and Klebsiella pneumoniae, 41.8% (31) while the
lowest percentage was obtained against Fusartum vertictllioides 21.6% (16 isolates), Salmonella
typhi 20.2% (15 1solates), Kscherichia coli 9.4% (7 1solates), Aspergillus fumigatus 9.4% (7 1solates),
Saccharomyces cerevisiae 8.1% (6 1solates) and Aspergillus flavus 6.7% (5 1solates) (data not
shown).

Characterizations of the actinomycete isolate, AZ151

Morphological characteristics: Spore chains are spiral and rectiflexibiles, spore masses are
medium red and reddish gray, spore surfaces are smooth and reverse color light yellow to light
brown while, diffusible pigment. production is moderate yellowish brown to deep brown (Flate 1).

Cell wall hydrolysate: The cell wall hydrolysate contains LL-diaminopimelic acid {LL-DAF) and
sugar pattern not detected.
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Plate 1. Scanning electron micrograph of the actinomycete isolate AZ-A151 growing on starch
nitrate agar medium showing spiral spore were, rectiflexibiles and had a smooth surface,
Neither sclerotic granules, sporangia nor flagellated spores were observed (X20, 000)

Physiological and biochemical characteristics: The actinomyeete 1solate AZ151 could
hydrolyze starch and protein, whereas lipid, pectin and catalase are negative, Melanin pigment is
positive, degradation of xanthin, esculin, production of H,S, decomposition of urea, utilization of
citrate and KCN are positive but nitrate reduction is negative.

The isolate under study utilizes; D-mannose, D-glucose, D-galactose, mannitol, meso-inositol,
raffinose and trehalose but do not utilize, D- xvlese, sucrose, L-rhamnose, L-arabinose, lactose,
maltose and ribose; whereas, doubtful result was obtained with D-fructose. Good growth on L-
glycine, Li-asparagine and L-lysine. No growth on L-valine, Li-leucine L-histidine, L-phenyl alanine
and L-methionine. Moreover, no growth in the presence of up to 5% NaCl. The growth is not
inhibited in the presence of 0.1% (w/v) phenol and at 451°C but inhibited in the presence of 0.01%
(wiv) sodium azide. The actinomycete isolate is resistant to Ampicillin (25 pg mL™), Nalidixic acid
(30 ug mL™"), Cefoperazone (75 pg mL™") and Fusidic acid (10 pg mL™"), whereas not resistant to
Polymysxin (30 ug mL™), Gentamicin (10 pg mL™) and Kanamyein (30 yg mL ™) (Table 1).

Color and culture characteristies: Data recorded on AZ151 declared that, the growth of this
strain was disappeared in ISP-1, moderate in ISP-2, 4, 5, 6 and 7 and good growth on SNA and
I8P-3. While, the aerial mycelium appeared red on all media used except SNA medium, it was
reddish gray. Substrate mycelium light brown on all media used except ISP-5 has shown light
yellow. Almost all media used didn't induce any diffusible pigments except SNA shown moderate
yellowed brown and ISP-8, 7 showed deep brown pigments (data not, shown).

Molecular phylogeny of the selected isolate: The nucleotide sequence of the 168 rRNA gene
(1.5 kb) of the actinomycete isolates AZ151 and the phylogenetic tree (as displayed by the Tree
View program) revealed 92% similarity with Sireptomyees crystallinus (Fig. 2). Multiple sequence
alignment was conducted the sequences of the 165 rDINA gene of Streptomyces crystallinus and the
sequencing product was determined as 1141 bp (Fig. 1).
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Tahble 1: The moaorphological, physiological and hiochemical characteristics of the actinomycete isolate AZ151

Characteristic Result Characteristic Result
Physiological and biochemical properties Utilization of carbon sources

Starch hydrolysis D-xylose -
Protein hydrolysis D-mannose +
Lipid hydrolysis - D-glucose

Pectin hydrolysis - D-galactose +
Catalase test - Sucrose -
Production of melanin pigment on L- rhamnose -
Peptone yeast- extract iron agar + Raffinose ++
Tryptone yeast extract broth - Mannitol -
Kanthin degradation + L.- arabinose -
Esculin degradation + Meso-inositol +++
H,S production + Lactose -
Nitrate reduction - Maltose -
Citrate utilization + Trehalose ++
Urea test + D- ribose -
KCN test + D-fructose +
Morphological characteristics Utilization of amino acids

Spore chains Bpiral and rectiflexibiles L-glycine +
Spore mass Medium red-reddish gray L-valine and L-leucine -
Spore surface Smooth L-histidine -
Color of substrate mycelium Light brown- deep brown L-phenylalanine -
Diffusible pigment Yellowish brown L-asparagine +
Moatility MNon-maotile L-methionine -
Cell wall hydrolysate Growth with (% wiv)

Diaminopimelic acid (DAP) LL-DAP Sodium azide ( 0.01) -
Sugar pattern Naot-detected Phenoal (0.1) +

Growth at different concentration of NaCl (%)

Growth at different temperatures (EC)

1 0 -

3 30 ++
5 35 ++
7 - 40 ++
9 - 45 ++
11 - 50 "
13 - 55 -
15 -

Resistance to

Ampicillin (25 pg mlL™), Nalidixic acid

(30 pgmLY), Cefoperazone (75 pgmL~Y) and
Fusidic acid (10 pg mL™)

Polymyxdin (30 pg mL ™),
Centamicin (10 pg mL™Y) and
Kanamycin (30 pg mL™)

-: Negative and +: Positive. +: doubtful results, ++: Moderate growth, +++: Good growth

Identification of actinomycete isolate, AZ151: This was performed basically according to the
recommended international Key's viz. {(Buchanan and Gibbons, 1974; Williams, 1989) and
Numerical taxonomy of Streptomyces species program (PIB WIN). On the basis of above collected
data and in view of the comparative study of the recorded properties of AZ151 in relation to the
most closest reference strain, viz., Streptomyces erystallinus, it could be concluded that it 1s 1dentical

on the basis of spore mass is medium red or reddish gray, spore chain is spiral and rectiflexibiles
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Table 2: A comparative study of the characteristic properties of AZ151 in relation to reference strain, Streptomyces cryvstallinus

Characteristics AZ-A151 Reference strain Streptomyrces crystallinus
Morphological characteristics
-Spore mass Medium red/ reddish gray Red
-Spore surface Smooth Smooth
-Reverse color Light yellow/ light brown Light to dark brown
-Spore chain Spiral and Rectiflexibiles Rectiflexibiles
-diffusible pigment Brown Brown
-Motility Non-motile Non-motile
Cell wall hydrolysate
-Diaminopimelic acid (DAP) LL-DAP LL-DAP
-Sugar pattern
Utilization of carbon sources
L-arabinose - ND
D-fructose - ND
D-galactose - ND
D-glucose - ND
Meso-inositol + +
D-mannitol - ND
Raffinose - ND
Sucrose - ND
D-xylose - ND
ND: Melanin pigment not-detectad
Gl 1 GGECGTGC TARAACACATG CAAGTCGALAG GCATGAACCA CTTCGGETGGE ATTAGTGEECG
6l AMCGGETGAG TAACACGTGG GCTTTCCTGC CTTCACTCTG GGACAAGCCC TGGETTTCGGC
121 CTCTAATACC GGATACGAGE TGEAAGCGCA TGCTTCCGGEE TGETTTGCTC CGGCGGETETT
181 GEATEAGEEs GCGGCCTATC AGCAAGTTGE TCCCCTAATS GCCTACCAAG GCGACGRCCC
241 CTAGCCGECC TGAGAGGGECE ACCGGECCACA CTCCCACTGA GACACGGCCC AGACTCCTAC
301 GEERACCCAGCS AGTGCCGEAAT ATTGCACAAT GGECGTTTEC CTGATGCAGC GRACGCCGEIGET
361 GAGGGATGAC GGCCTTCGEEE TTGTAAACCT CTTTCAGCAS GGAAGAAGCG TTTGTGACGE
421 TACCTGCAGR AGTTGCGCCGE GCTTTCTACSE TGCCAGCAGC CGCGETAATA CGTAGGECGC
481 ARGCGTTGTC CGGAATTATT GEECETTTAG AGCTCGTAGE CGGUTTGTCA CGTCGGATGET
541 GARRGCCCGEE GGCTTAACCC CGGGETCTGCA TTCGATACGE GCTAGCTAGA GTGTCCTAGE
601 GEAGATCGTT ATTCCTGETE TAGCGETGAA ATGCGCAGAT ATCAGGAGGA ACACCGETGE
661 CGRARGGCGER TCTCTGEECC ATTACTGACGE CTGAGGAGCE TTTGCGTGEE GAGCGTTCAG
721 GATTAGATAC CCTGGTAGTC CACGCCGTTT TCGETTGGGAR CTAGGTGTTG GCGACATTCC
781 ACGTCGETCGE TGCCGCAGCT AACGCATTARA GTTCTCCGCC TGGGGAGTAC GGCCGCTTGEE
241 CTAAARDCTCT TTGGAATTGA CGCCGGECCCGE CACAAGCAGC GGAGCATGTG GCTTCATTCG
S01 ACGCARACGCE AAGRAACCTTA CCARGGCTTG ACATATACCG GAAAGCATTA GAGATAGTGC
g6l CCCCCTTGETE GTCGGTATAC AGGTGETGCA TGGECTGTCET CAGCTCGETGT CGTGAGATGT
1021 TGEETTAAGT CCCGCAACGA GUGCAACCCT TGRACTGTST TGCCAGCATG CCCTTCCCCC
1081 TGATGGGGAC TCACAGGAGA CTGCCGCCCT CAACTCCCAG GAAGGTGGGEE ACGACGTCAR
1141 GTCATCATGC CCCTTATSTC TTGGECTGCA CACGTGCTAC AATGECCGGT

Fig. 1. The sequence alignment was conducted the sequences of the 165 rDNA gene of

Streptomyces crystallinus

and non motile spores. Cell wall hydrolysate contains LL-diaminopimelic acid and sugar pattern

not detected. Melanin pigments are produced. Utilization of D-mannose, D-glucose, D-galactose,

mannitol, meso-inositol, raffinose and trehalose but do not utilize D-xylose, sucrose, rhamnose, L-

arabinose, lactose, maltose and Ribose, whereas, doubtful with D-fructese. In view of all the

previous characteristics of AZ151, it could be stated that it is suggestive of being belonging to

Streptomyces erystallinus (Table 2),
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100% 95% 90%
L | |
AZ-AlSls.eq
S. crystallinus 100%
S. caesius 100%
92%
S. olivo chromogenes 99%
S. noboritoensis 10046
S. phaecocromogenes 98%
S. erythorochromogen 100%
S. lavendulae 100%
S. flavotricini

Fig. 2: The phylogenetic position of the local Streptomyces sp. strain among neighboring species.
The phylogenetic tree was based on the pairwise comparisons of 165 rDNA sequences

Parameters controlling antimicrobial agent biosynthesis: The effect of different
environmental and nutritional factors on the antimicrobial activity indicated that the maximum
activities was obtained in starch nitrate broth medium at, incubation period (10 days), incubation
temperature (35°C), agitation and aeration (160 rpm), pH value (8.0), carbon source (Starch),
nitrogen source (NaNQ,), water soluble vitamin (vitamin H), incculum age (12 days), incculum size.

Fermentation and isolation of antimicrobial agent: The Streptomyces crystallinus, AZ151
incculum was introduced aseptically into each sterile flask containing the following ingredients
(g L™Y: Arabinose, 20; NalNO,, 2.0; K,HPO,, 0.8; MgS0,.7H,0, 0.7; vitamin H, ppm and KCI, 0.5.
The pH was adjusted at 8.0 before sterilization. After 10 days of incubation at 35°C filtration was
carried out through filter paper Whatman No. 1 and followed by centrifugation at 5000 rpm for
15 min. Only clear filtrate was tested for its antimicrobial activity.

The clear filtrate containing the active metabolite, was adjusted at pH 7.0 then extraction
process was carried out using Ethyl acetate at the level of 1:1 (v/v). The organic phase was collected
and evaporated under reduced pressure using rotary evaporator. The residual material was
dissolved in least amount of DMSO and filtered. The filtrates were test for their antibacterial
activities. The antimicrobial agent was precipitated by petroleum ether (b.p. 60-80 EC) and
centrifuged at 4000 r.p.m for 15 mmn. The fraction was test for antimicrobial activities. 8-10% (v/v),
amino acid (Asparagine), MgS0O,.7H,0 concentration (0.7 g .Y, K,HPO, (0.8 g 1. ™Y, incculum size
{810 % (v/v) and at inoculum culture age (12 days) (Table 3).

Separation of antimicrobial agent into individual compenents was carried out by thin-layer
chromatography using a solvent system composed of chloreform and methanol (24:1, v/v). Among
three bands developed, only one band at R; 0.55 showed antibacterial activity. The purification
process through column chromatography packed with silica gel, indicated that maximum activity
was at fractions Nos. 14-23 (Fig. 3).

Physicochemical characteristics of the antimicrobial agent: The purified antimicrobial
agent produced by Sireptomyces crystallinus, AZ151 produces characteristic odour, its melting
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Fig. 3: Antimicrobial activity of fractions for antimicrebial agent
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Fig. 4: IR spectrum of antimicrobial agent

points 1s 180°C. The compound is freely soluble in chloroform, ethyl acetate, n-butanol, acetone,
ethyl alcohol, methanol and 10% isopropyl alcohol but insoluble in petroleum ether, hexane and
benzene.

Elemental analysis: The elemental analytical data of the antibacterial agent revealed the
following data: C = 46.43; H =746, N = 6.81; O = 39.43 and 8 = 0.0. This analysis indicates a
suggested caleulated empirical formula of C,;H, N, 0,

Spectroscopic characteristics: The spectroscopic analysis of purified antimicrobial agent
produced by Sireptomyces crystallinus, AZ151 have been determined. The infrared (IR) spectrum
showed characteristic band corresponding to 21 peaks (Fig. 4), the ultraviolet (UV) spectrum
recorded a maximum absorption peak at 225 NM (Fig. 5) and the Mass spectrum indicate that the
molecular weight was 432.36 (Fig. 6).
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Fig. 6: Mass spectrum of antimicrobial agent

Identification of the antimicrobial agent: On the basis of the recommended keys for the
identification of antibiotics and in view of the comparative study of the recorded properties of the
antimicrobial agent, it could be stated that the antimiecrobial agent 1s suggestive of being belonging

to Hygromyein-B antibictic (Table 4).

Biological activities of the antimicrobial agent: Data recorded in Table & indicated that the
antimicrobial agent is fairly active against both, Gram positive and Gram negative bacteria and
unicellular and filamentous fungi. The Minimum Inhibitory Concentration (MIC) of antibiotic
produced by Sitreptomyces crystallinus, AZ151 was determined and results showed that MIC
(ug mL™Y against Staphylococcus aureus (1.73), Klebsiella preumonia (3.9), Escherichia coli and
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Tahble 4: A comparative study of characteristic properties of antimicrobial agent in relation to Reference antibiotic (Hygromycin-B)

Characteristic Purified antibiotic Standard antibiotic

Melting point 160°C 160-180°C

Molecular weight 432.36 436

Chemical analysis

C 46.43 46.40

H 7.46 7.48

N 6.81 6.82

O 39.3 39.3

Ultra violet 225 No characteristic absorbance CigH30IN204,
Formula CieHg N0y, Active against Gram positive, Gram negative

bacteria, unicellular and filamentous fungi
Active against Active against Gram positive, Gram

negative bacteria, unicellular and filamentous fungi

Table 5: Minimum inhibitory concentration of the antimicrobial agent

MIC (ug mL~") concentration

Test arganism Antimicrobial agent produced by AZ-A151
S. aureus 1.73
E. coli 7.80
K. pneumonia 3.90
S. typhi 7.80
S. cerevisige 62.50
A flavus 31.25
A, alternate 31.25

Salmonella typht (7.8), for Aspergillus flavus and Alternaria alternata (31.25) and Saccharomyces
cerevisiae (62.5) (Table B).

DISCUSSION

The aminoglycosides such as Hygromycin B are a large and diverse class of antibiotics that
characteristically contain two or more aminosugars linked by glycosidic bonds to an aminocyelitol
component. The cyclitol 1s 2-deoxystreptamine-streptomyecin which has a streptidine moiety
{(Umezawa and Hooper, 1982), Soil, in particular, is an intensively exploited ecological inhabitant,
of which, produce many useful natural products, including clinically important antibiotics
(Waksman, 1961; Waksman, 1975). Among socil inhabitants, actinomyeetes and more specifically
streptomycetes, are of practical importance because they produce most of the useful natural
antibiotics for medical use. Nevertheless, selective isolation of soil actinomyecetes is important for
understanding their ecological properties and for finding novel strains which can produce useful
bioactive secondary metabolites. Therefore, various media and techniques have been developed for
selective 1solation of actinomycetes (Hozzein ef al., 2008). A total 6 actinomycetes were isolated from
the soil sample through crowded plate technique were subjected to primary sereening and identified
as I ntrasporangium sp., Dactyl sporangium sp., Micromonospora sp., Streptovertictllium sp. and
two Streptomyees sp. (Raja et al., 2010),

In the course of searching for new actinomycetes producing antibiotics in our study, screening
program has been conducted. The data presented in this study gave detail information on the
isolation and identification of actinomycetes from various Egyptian localities e.g. (Assiut, Luxor and
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El-Minia governorates). The results indicated the highest percentage of i1sclation (43.2%),
84 isolates out of 194, were isolated on Starch Nitrate Agar (SNA) medium followed by (28.3%),
55 1solates on both starch casein agar and glycerol asparagine agar (data not shown).

The most active isolates, in terms of mean diameter of inhibition zone (mm), 74 (38%) was
obtained against Staphylococcus aureus 90.5% (67) followed by Aternaria alternata 43.2% (32) and
klebsiella pneumoniae, 41.8% (31) while the lowest percentage was obtained against Fusarium
verticillioides 21.6% (16 1solates), Salmonella typhi 20.2% (15 1solates), Kscherichia coli 9.4%
(7 isolates), Aspergilius fumigatus 9.4% (7 isolates), Saccharomyces cerevisiae 8.1% (6 isclates) and
Aspergillus flavus 8.7% (B isolates).

Many other percentages were also found 100% (14) against Phytophthora megasperma, followed
by Alternaria solant and Alternaria alternata 78.5% (11) while the lowest percentage was obtained
against Fusartum seolant and Saecharomyees cerevistae 14.2% (2) and 7.1% (1), respectively
{Aghighi ef al., 2004). In addition, streptomycetes isolates appear to be highly active against Gram-
positive bacteria (Hamdi ef al., 1980; Hussein ef al., 1981; Saadoun ef al., 1998),

Among our strains (194), an actinomycete isclates (AZ151) showed high potencies against all
microorganisms tested. Its morphological, physiclogical and biochemical characteristics as well as,
its color and culture characteristics have been investigated. A similar study found that the highest
percentage of active isolates was red and gray series and the lowest in the green and white ones
{(Saadoun ef al., 1998). However, most antimicrobial producing species of streptomycetes were found
in the gray and yellow series of ne chromomeric type and no antibiotic produced by white and green
series chromomeric type (Aria ef al., 19768). Antimicrobial sensitivity testing of these strains was
done by Kirby-Bauer dise diffusion method (FKhan et af., 2011). Minimum Inhibitory Concentration
(MIC) of the extracts was determined by the micro broth dilution against 14 elinical and standard
strains of methicillin resistant and sensitive of Staphviococcus aureus (Dadgar et al., 2006), Over
110 soil actinomycetes 1solates were screened among which one isclate showed high level of activity
in Agar disk and Well diffusion methods against E. carofovora subsp. carotovora and identified as
a new strain of Streptomyces plicatus (strain 101) (Zamanian ef al., 2005).

The species belonging to the genus Streptomyeces constitute 50% of the total population of soil
actinomyeetes and 75-80% of the commercially and medicinally useful antibiotics have been derived
from this genus (Mellouli ef al., 2003). Over 110 scil actinomycetes isolates were screened among
which one isolate showed high level of activity in Agar disk and Well diffusion methods against
E. carotovora subsp. carofovora and identified as a new strain of Streptomyces plicatus (strain 101)
(Zamanian et al., 2005).

The extract from culture filtrate of endophytic Streptomyces sp. ST8 by ethyl acetate
has activity against S. mutans ATCC25175 and 104B. The extract at such concentrations
(0.05-5 mg mL™") showed the inhibition of bacterial adherence on glass surfaces and saliva-coated
hydroxyapatite. The crude extract also decreased the activity of glucosyltransferase and glucan-
binding lectin from both strains (Taechowisan et al., 2008),

Besides, selective 1solation of soil actinemycetes 1s important for understanding their ecological
properties and for finding novel strains which can produce useful bicactive secondary metabolites.
Therefore, various media and techniques have been developed for selective isolation of
actinomycetes (Hozzein ef al., 2008),

In this study, we found the nucleotide sequence of the 165 rRNA gene (1.5 khb) of the
actinomycete isolate, AZ151 evidenced a 92% similarity with Streptomyces erystallinus 165 rRNA
genes. In addition, multiple sequence alignment was conducted the sequences of the 165 rDNA

60



Bactertol. J., 2 (3): 46-65, 2012

gene of Streptomyces crystallinus, (CHR and SN@G). The sequencing product was determined as
1141 bp2). On the basis of theses data and in view of the comparative study of the recorded
properties of AZ151 in relation to the most closest reference strain, viz. Streptomyces crystallinus,
it could be stated that it is suggestive of being belonging to Streptomyeces crystallinus which can
produce a broad-spectrum antibiotic.

In addition, 163 rRNA sequence data have proved invaluable in Streptomycetes systematics,
in which they have been used to identify several newly isolated Streptomyces (Mehling ef al., 1995).
This finding is in agreement with that noticed of antibiotic phenazine derivatives and their
formation pathways in a new Streptomyces strain PB10, where culture characteristics and 165
rRNA nucleotide analysis confirmed strain P510 as Streptomyces griseoluteus (Wang et al., 2011).

Several methods have been developed to identify Streptomyvees species. These include, culturing
methods using the selective plating technique (Kuster and Williams, 1964), construction of genetic
marker systems (Wipat et al, 1991), a combination of chemical markers, the presence of LL
diaminopimelic acid and the absence of characteristic sugars in the cell wall {Lechevalier and
Lechevalier, 1970; Atta et al, 2011). Also, sensitivity to antibiotics and phages, serological
reactions and ecological properties has also been used for the classification of Streptomyces spp.
{(Shirling and Gottlieb, 1966; Lechevalier and Lechevalier, 1980).

The highest antimicrobial activity was achieved at optimum environmental and nutritional
conditions in Streptomyces crystallinus AZ151 culture. Several studies have shown the optimization
of nutritional and environmental conditions for antibiotic production (Kumar and Satyanarayana,
2007; Latifian ef al., 2007, Gupta ef al., 2008, Kaglhiwal ef al., 2009; Atta ¢t @l., 2011). San et al.
(2010) worked on two venoms of Calloselasma rhodostoma and Ophiophagus hannah and
determined (MIC) with Staphylococcus aureus ATCC25923, ATCC29213 and ATCC43300. The MIC
values obtained for Calloselasma rhodostoma were 125 pg mL™ when tested against S. aureus
ATCC25923 and ATCC43300 while it was 250 pg mL ™ when tested against S. aureus ATCC29213.
MIC values obtained for Ophiophagus hannah were 250 ug mL™' when tested against all three
strains.

In  fact, the active metabolites were extracted by ethyl acetate (Criswell ef al., 2006;
Sekiguchi et al., 2007, Augustine et al., 2005). The extract from culture filtrate of endophytic
Streptomyces sp. ST8 by ethyl acetate has activity against S. mutans ATCC25175 and 104 B. The
extract at such concentrations (0.05-5 mg mL™) showed the inhibiticn of bacterial adherence on
glass surfaces and saliva-coated hydroxyapatite. The crude extract also decreased the activity of
glucosyltransferase and glucan-binding lectin from both strains (T aechowisan et af., 2008).

The organic phase was collected and evaporated under reduced pressure using rotary
evaporator. Moreover, the purification process indicated that maximum activity was
recorded between fraction Nos. 14-23. Many workers used a column chromatography packed with
silica gel and the same situation was observed (Hitchens and Kell, 2003; Criswell ef al., 2006;
Sekiguchi et al., 2007).

CONCLUSION

In this study we determined the physico-chemical characteristics of the purified antimicrobial
agents produced by Strepiomyces ervstallinus AZ151 and indicated that, it produces characteristic
adour, its melting points 1s 180°C, infrared (IR) spectrum showed characteristic band corresponding
to 21 peaks, a maximum absorption UV peak recorded at 225 NM and Mass spectrum confirmed
that the molecular weight 1s at 432.36. Consequently, the elemental analytical data are find to be:
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C=4643;, H=17.46; N=6.81 and O =39.3, indicate a suggested empirical formula of C,;H;N,O,,
and being belonging to Hygromycin-B antibiotic. Physice-chemical characteristics of many
antibiotics were determined (Koshivama et «l., 1969; Singh and Gurusiddaiah, 1984,
Omura et al., 1987; Uyeda et al., 2001; Yanai and Murakami, 2004; Atta ef al., 2011).
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