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Abstract: The present work was initiated by isolating terrestrial actinomycetes from the stones of one of the
Egyptian ancient tombs where 127 pure actinomycetes isolates could be recovered. Ten of them were tested
for their antimicrobial activities against Trichophyton mentagrophytes pathogen. The phenotypic features of
the isolate with the highest activity were studied. Additionally the molecular characterization was carried out
for the active isolate, where the PCR amplicons of the promising isolate were sequenced and aligned against
the 16S rRNA of the Ribosomal Database Project. The high level of sequence similarity of the Streptomyces
isolate No. 1 was to Streptomyces sp. MECO2 which has similarity (99%). Series of experiments were conducted
to optimize the physiological and fermentation conditions allowing maximum activity of the selected organism.
Relatively high antitricophyton activity was attained with cultivation medium composed of (g/l): glucose, 5;
casein, 0.0075; KNO , 0.05; NaCl, 2; K HPO , 6; MgSO .7H O, 0.05; CaCO , 0.02 and FeSO .7H 0, 0.01; pH 73 2 4 4 2 3 4 2

adjusted using phosphate buffer, inoculums size 2ml/50ml medium and agitation rate of 200 rpm at 30°C for 9
days incubation. The mycelial cake ethylacetate extract was subjected to chromatographic fractionation
followed by preliminary characterization to the most active fraction. 
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INTRODUCTION dissemination through the stratum corneum is governed

The search for new pharmacologically active agents [5]. Members of the genus Trichophyton possess several
from natural sources has led to the discovery of many virulence factors including acid proteinases, elastases,
useful drugs that play an important role in the treatment keratinases and other proteinases [6] which are probably
of certain  diseases  [1, 2]. Beginning with the discovery essential for invasion of host tissues. Trichophyton
of actinomycin in 1940, the order Actinomycetales has mentagrophytes, a zoophilic dermatophyte, is one of the
produced many commercially important bioactive major dermatophytes causing various tinea infections in
compounds, It has been estimated that approximately two human beings including onychomycosis. The incidence
thirds the naturally occurring antibiotics has been isolated of dermatophytosis has increased worldwide in recent
from actinomycete, of these antibiotics the majority was years. According to the World Health Organization
isolated from the genus Streptomyces [3,4]. Fungal (WHO) [7], about 2% of the people worldwide present
infections or mycoses cause a wide range of diseases in with cutaneous infections and approximately 10% of the
humans, cutaneous mycoses or dermatophytosis which human populations suffers from onychomycosis. Since,
is commonly referred to as ringworm, is caused by a group some pathogenic fungi are becoming resistant to available
of closely related fungi called dermatophytes. The ability antifungal agents; the search for new safe and effective
of dermatophytes to invade skin and subsequent antifungal agents is a necessity [8]. 

partially by their proteolytic enzymes specially keratinases
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In the present work we described the isolation of an having the following composition (g/l): soluble starch, 10;
actinomycete strain from ancient stone monuments in Tell casein, 0.3; KNO , 2; KH PO , 2; NaCl, 2; MgSO .7H O,
Basta Tombs, Zagazig City, which exhibits a promising 0.05; CaCO , 0.02; FeSO .7H O, 0.01; agar, 15. The final pH
activity against T. mentagrophytes. The phenotypic and value of the medium was adjusted to 7 before sterilization,
genetic as well as the preliminary characterization of the arginine glycerol salts medium [11] (g/l): arginine
most active isolate were investigated. The work was monohydrochloride, 1.0; glycerol (specific gravity not less
extended to outline some physiological and fermentation than 1.249 at 25°C), 12.50; K HPO , 1.0; NaCl, 1.0;
parameters which enhance the productivity of the MgSO .7H O, 0.5; FeSO .6H O, 0.5; Fe (SO ) .6H O, 0.01;
metabolite responsible for the antitrichophyton activity of CuSO .5H O, 0.001; ZnSO .7H O, 0.001; MnSO .H O,
the experimental organism, which was identified as 0.001; and agar, 15.0 (pH 6.9 to 7.1), starch nitrate medium
Streptomyces sp. MECO2. [12] (g/l): soluble starch, 20.0; K HPO , 1.0; NaNO , 2.0;

MATERIALS AND METHODS Agar, 15.0. 

Microorganisms: A total of 127 actionomycete isolates before sterilization. M3 medium [13] (mg/l): KH PO , 0.466;
were recovered from the sound and decayed ancient Na HPO , 0.732; KNO , 0.10; NaCl, 0.29; MgSO .7H O,
stone monuments in Tell Basta Tombs, Zagazig City, 0.10; CaCO , 0.02; sodium propionate, 0.20;
Egypt. Ten of these isolates were tested for their FeSO .7H O,200µg; ZnSO .7H O, 180µg; MnSO •4H O, 20
antitrichophyton activity. The tested dermatophyte µg; agar, 18.00. The final pH value of the medium is
Trichophyton mentagrophytes together with the other adjusted to 7.0, supplemented with Cycloheximide, 50.0
tested pathogenic fungi Aspergillus niger NRRL 599, A. mg and Thiamine hydrochloride 4.0 mg. And International
flavus NRRL 1957and A.ochraceus are clinical isolates Streptomyces Project medium (ISP medium) 5 (Glycerol-
obtained from the Department of Mycology and Asparagine Agar) [14] (g/l): L-asparagine (anhydrous),
Mycotoxin, Animal Health Research Institute, Dokki, 1.0; glycerol, 10.0; K HPO  (anhydrous), 1.0; trace salts
Cairo, Egypt. The isolated strains' activities were also solution, 1.0 ml and agar, 20.pH value of this solution is
tested against: Escherichia coli ATCC 25922 and 7.0–7.4. Trace salts solution composition (g %):
Pseudomonas aeruginosa ATCC 27953 as examples for G- FeSO .7H O, 0.1; MnCl .4H O, 0.1; ZnSO .7H O, 0.1. After
ve pathogens, Staphylococcus aureus ATCC 29213 and incubation, representatives of each colony form were
Bacillus subtilis NRRL B-4219 as examples for G +ve picked off and repeatedly streaked to obtain a pure
pathogens and Candida albicans ATCC 10231and culture. They were then streaked onto starch casein
Saccharomyces cerevisiae ATCC 10275 as examples for slopes and stored at 4°C and as spore suspensions in
yeast. The tested bacteria and yeast were obtained from 20% glycerol at 20°C [15].
the culture collections of the National Research Center,
Dokki, Giza, Egypt. Screening Experiments and Antitrichophyton Activity

Isolation of the Active Actinomycetes Strains: From the using sterile distilled water and poured onto 250 ml
ancient stone monuments of Tell Basta Tombs, Zagazig Erlenmeyer flasks containing 50 ml sterile starch casein
city eleven sampling sites of the tomb's blocks were nitrate broth. The flasks were incubated in a rotary shaker
chosen. Stone samples were crushed to a fine powder (150 rpm) at 30°C±2°C for 7 days. At the end of the of the
then dispersed in sterile 1/4 strength Ringer's solution incubation period, the culture broth were filtered using
supplemented with 0.00 1 % tween 80 and shaken Whatman filter paper No.1 and the mycelia cake was
vigorously for up to one hour [9]. Suspensions were then ground in Omni Mixer homogenizer, then extracted with
serially diluted in phosphate buffer which was applied for equal volume of ethyl acetate, the extract was evaporated
actinomycetes isolation where 0.1 ml of the appropriate in vacuo under reduced pressure using rotary evaporator
dilution was spread evenly over the corresponding at a temperature not exceeding 50°C. The obtained residue
overnight dried medium plates. Four different isolation dissolved in ethyl acetate was then assayed for its
media known to support the growth of actinomycetes activity against T. mentagrophytes and other tested
were used to select the best medium for actinomycetes pathogens. The assay was done using agar disc diffusion
recovery. These media are: starch casein medium [10] method  where  sterile  filter  paper  discs  (0.5cm diameter)
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Assay: Five days old slants were harvested by scratching
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saturated with 100µL of the extract, were dried and then Cultivation Factors Affecting the Production of
placed on the top of sabouraud dextrose agar medium Antifungal Compound(s): Unless otherwise stated, 2 ml of
seeded  with  1ml  T.  mentagrophytes  spore  suspension the standard inoculum were used to inoculate 50 ml of
(1 x 10 ) incubated at 37°C for 5-10 days [16]. starch casein nitrate medium dispensed in 250 ml7

Characterization of Actinomycete Isolate of Choice: Only Shaker Incubator at 150 rpm for 7 days at 30°C. At the end
the actinomycetes isolate of the highest activity was of the fermentation process, the antifungal activity was
subjected to identification. A wide range of tested against Trichophyton mentagrophytes using agar
morphological, physiological and biochemical criteria, disc diffusion method as mentioned before. Each result
described by Williams et al. [17], were used. These criteria was an average of triplicate assays. Each parameter
include morphological features, pigmentation, utilization optimized earlier was incorporated in subsequent
of organic compounds and resistance to antibiotics as experiments. Also, the cell dry weight in the fermentation
well as diaminopimelic acid in whole cell hydrolysate, broth was determined by filtering the flask content on a
whole cell diagnostic sugars and presence of mycolic preweighed filter paper (Whatman no.1). The filter papers
acid. were dried at 60-70°C until a constant weight. The

Phylogenetic Identification: The genomic DNA of the and before filtration should correspond to the cell dry
potent actinomycete isolate was isolated using PrepMan weight.
Ultra Sample Preparation Reagent. The 16S rDNA gene
was amplified by polymerase chain reaction   (PCR)   PCR Preparation of the Standard Inoculum: The standard
system 9700, PE Applied Biosystems, Perkin Elmer USA, inoculum was prepared by adding 4ml of distilled water to
The primers that were used to 16S rDNA sequencing 5 days old slant and the spore suspension was allowed to
were: StrepB, 5'- ACA AGC CCT GGA AAC GGG T-3' grow in 250 ml Erlenmeyer flask containing 50ml of starch
(forward) and SterF 5'-ACG TGT GCA GCC CAA GACA casein nitrate medium. The flask was incubated in a
-3'(reverse), Biolego BY, Website www.biolegio.com Rotary Shaker at 150 rpm, 30°C± 2 for 2 days. 
[18,19]. The remnant mixture was purified using PCR
purification kit (Qiagen, Germany). The PCR reaction Effect of Fermentation Period and Inoculum Size: The
mixture (25µL) contained PCR peads (Amirsham effect of prolongation of incubation for maximum growth
Company), 0.5µL from each primer StrepB and SterF and and antibiotic production was studied up to 14 days of
2µL of template DNA up to finale volume 25µL reached by incubation. In addition, different inoculum volumes
distilled water. Amplification was performed with an initial (ranging from 2-10 % v/v) were used to inoculate the
denaturation step of 3 min at 94°C and then 35 cycles of fermentation medium to determine the most suitable
(60 sec denaturation at 94°C, 30 sec at 59°C for primer treatment for producing antifungal compound(s). 
annealing and 60 sec at 72°C for primer extension). Finally,
the reaction remains 7 min to complete extension at 72°C, Carbon and Nitrogen Supplements: Six carbon sources
then cooling at 4°C to finish the reaction amplification. namely: starch, fructose, maltose, glucose, mannose and
PCR products were electrophoresed on 1 % agarbzose gel, sucrose were tested; each at 1 % level. After selection of
according to Kim and Lee [20] with some modifications the best source, different concentrations were
and the purity was detected with Gel documentation, tested.Different organic and inorganic nitrogen sources
Alpha-Imager TM 2200, Multimage TM Light Cabinet were individually added as sole nitrogen sources in
Filter Position. PCR products were sequenced by the Gene fermentation media to replace KNO  and casein. These
Analysis Unit in Genetic Lab of Egyptian Company for are: peptone, yeast extract, sodium nitrate and ammonium
Production of Vaccines, Sera and Drugs (VACSERA), chloride. They were added according to nitrogen
Dokki, Egypt and DNA sequences were detected using equivalent basis. After selection of the best source,
ABI PRISM 310 (Applied Biosystem). Blast program different concentrations were investigated.
(www.ncbi.nlm.gov/blast) was used to assess the DNA
similarities. Multiple sequence alignment and molecular Mineral  Salts:  Different  concentrations (0.2-2 %) of
phylogeny were performed using BioEdit software [21]. NaCl were used in the cultivations to determine the best
The phylogenetic tree was displayed using the for  antifungal  production.   Different   concentrations
TREEVIEW program [22]. (0.1-0.6 %) of K HPO  in the culture medium were tested.

Erlenmeyer flasks. The flasks were incubated in a Rotary

difference between the weights of the filter papers after

3

2 4
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Different pH Values and Shaking Rate: Different pH with T. mentagrophytes. On the other hand, the growth of
values were tested using different buffering solutions. A A. ochraceus was obviously retarded with the tested
control flask was done by adjusting the pH at 7 by 1M isolates no. 42 and 7S. The tested yeast pathogens;
HCl and 1M NaOH. The buffer solutions used were: namely S. cerevisiae and C. albicans were only inhibited
Citrate phosphate buffer at pH 6, 6.5 and 7, Phosphate by isolate no.9. Due to the peculiar antitrichophyton
buffer at pH 7, 7.5 and 8 and Tris-maleate buffer at pH 8 activity exhibited by isolate no. l, it was selected as the
and 8.5. Different shaking rates (100, 150, 200) as well as experimental organism throughout the present
static conditions were investigated. investigation.

TLC Chromatography: Sample of the ethyl acetate extract Morphological Characteristics of Actinomycete Isolate
of the mycelial cake was developed on TLC silica gel plate of   Choice:    According    to   the   plan  of   this  work,
using solvent system composed of: ethyl acetate/benzene the  isolate  with  promising  activity  was  only
(1:1). To determine the active component, the considered for identification. The criteria used in the
chromatograms were detected under a UV lamp and each primary    identification   included   micromorphology
spot was scratched off the TLC plate and dissolved in (Fig.1),    detection   of  diaminopimelic  acid  (DAP)
ethyl acetate. Silica gel was removed by centrifugation at isomers in the whole cell hydrolysate, whole cell
2000 rpm for 10 min. The supernatant was air-dried and the diagnostic sugars and presence of mycolic acids [24].
active material was tested by paper disc assay method Based  on  these  criteria,  the  isolate  was  found to
described by De Beer and Sherwood [23]. The belong  to   the    genus    Streptomyces.    The   isolate
supernatant is dissolved in the least amount of ethyl was further classified to the species level by
acetate and completely loaded on 0.5cm paper disc. The morphological, physiological and chemotaxonomic
discs are spaced upon seeded agar plates to allow features.
adequate room for the development of the zones of This identification was according to Bergey's Manual
inhibition. for Systematic Bacteriology [25] and Bergey's Manual for

RESULTS AND DISCUSSION features for the identification of strains at genus level are

Antitrichophyton Activities of the Actinomycetes major amounts of LL-diaminopimelic acid (LL-A pm).
Isolates: The results in Table 1 showed that among the Genus members lack mycolic acids, contain major amounts
tested isolates, maximum antitrichophyton activity was of saturated, iso- and anteiso-fattyacids, possess either
exhibited by actinomycetes isolate no.1. It also exhibited hexa-or octahydrogenated menaquiones and have
good activity against A. niger and S. aureus. In addition complex polar lipid patterns that typically contain
the actinomycetes isolates no. lS, 9, 42, 65 and 7S showed diphosphatidyleglycerol, phosphatidylethanolamine,
relatively inferior activities against T. mentagrophytes. phosphatidylinositol and phosphatidylinositol
The Gram +ve bacteria; S. aureus was positively inhibited mannosides.  In  addition  to   these   traits,   the  acyl type
by the tested actinomycetes except with isolate no.42. of the  muramyl  residues  in  the  cell-wall  peptidoglycans
With respect to the tested fungal pathogens; is    acetyl      [27].      Streptomyces      are      characterized
actinomycetes isolate no.39 revealed good activity except by     the       tetrapeptide     L-Ala-D-Glu-LL-A2pm-D-Ala.

Determinative Bacteriology [26]. The chemotaxonomic

of high value where the cell wall peptidoglycan contains
2

Table 1: Survey of the potentialities of the locally isolated actinomycetes against different experimental pathogenic bacteria, yeast and fungi (as traced by their corresponding inhibition zone

Tested E. coli B.subtilis P.aeroginosae S. aureus C.albicans S.cerevisiae A. niger

isolates ATCC 25922 NRRL B-4219 ATCC 27953 ATCC 29213 ATCC 10231 ATCC 10275 T. mentagrophytes NRRL 599 A. ochraceus A. flavus

1 - - - 22 - - 20* 22 - -

1S - - - 30 - - 7 - - -

9 20 30 - 20 30 25 7 30 - -

39 - - - 24 - - - 25 15 26

42 - - - - - - 10 17 25 -

65 - - - 16 - - 5 - 7 -

66 - - - 31 - - - - 10 -

75 - - - 27 - - - - 10 -

79 - - - 29 - - - - - -

7S - - - 24 - - 10 - 21 -
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Fig. 1: Scanning electron micrograph showing the spore chains of the locally isolated actinomycete isolate.No.1 on
starch casein nitrate agar medium for 14 days at 30°C 

Fig. 2: Phylogenetic analysis of the actinomycete isolate No. 1, Neighbor-joining tree. 

This tetrapeptide is cross linked by a pentaglycin bridge powerful method for investigating phylogeny of
which extends from the  C-terminal  D-alanine  of  the microorganisms. Also, Kim et al. [31] reported that 16S
peptide unit to the amino group located on the D carbon rRNA is a powerful tool for phylogenetic analysis and
of LL-A pm, resulting in the macromolecule structure species differentiation (differentiating unknown isolates2

forming the cell envelope. This LL-A2pm-Gly5, or A3y at the species or strain level) of the genus Streptomyces
peptidoglycan type [28], is diagnostic for streptomycetes and can be used as a genetic method in parallel to
and some other combined wall chemotype I actinomycetes conventional taxonomic methods, including numerical,
[29]. phenetic and other genetic analyses. For 16S rRNA

sequencing of the isolate No.1 the universal primers 16F
Molecular Phylogeny: Woese [30] reported that, a 16S 1300 with the sequence 5'-CAGGCCTAACACA
rRNA gene sequence has been demonstrated to be a TGCAAGTC-3'   and   16RI300   with    the sequence   5'-
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GGGCGGWGTGTACAAGGC-3' was used to amplify 1300
bp fragment that coding for 16S rRNA. The sequencing
product was determined as 480 bp for the isolate under
study. The 16S rDNA nucledtide sequence of
actinomycete isolate No.1 consisted of (480 bp). The
alignment of the nucleotide sequences (480bp) of isolate
No. l through matching with the 16S rRNA reported genes
sequences in the gene bank Database through NCBI Blast
available at the ncbi-nlm-nih.gov Web site and compared
with sequence of the reference species of Streptomyces
contained in genomic database banks. The high level of
sequence similarity of the isolateNo.1 (Fig. 2) was to
Streptomyces sp.MEC02which has similarity (99%). Fig. 3: Effect of different fermentation periods on the
Streptomycetes are the producers of more than 5000 growth and antitrichophyton activity of
known bioactive compounds and estimates of total Streptomyces sp. No.1
number of antimicrobial compounds produced by
representatives of Streptomyces screened for new
antibiotics are of the order of 100,000 [32].

Role of Some Physiological and Fermentation
Parameters: Series of experiments were conducted to
determine the optimal physiological and fermentation
conditions leading to the formation of maximum
antitrichopyton activity of the experimental
microorganism. The antibiotics are secondary metabolites
synthesized by metabolic pathways, which are often Fig. 4: Effect of different inoculum sizes on the growth
connected and influenced by primary metabolism. and antitrichophyton activity of Streptomyces Sp.
Therefore, frequently an intermediate metabolite from No.1
primary metabolism serves as precursor for the
biosynthesis of the antibiotic. Since, the composition of KEH23  after  96  h  of  incubation,  however, after 108 h,
the culture medium is closely connected with the the diameter of the inhibition zones dropped gradually.
metabolic capacities of the producing organism; it greatly Moreover,  Yücel  and  Yamac  [35]   recorded   that  the
influences the biosynthesis of antibiotics. Changes in the dry cell weight of Streptomyces sp. 1492 gradually
nature and concentration of carbon and nitrogen sources, increased and reached maximum on the 8th day, 16.89 g/l.
phosphorus concentration and trace elements have been Meanwhile,   the   maximum   of   antimicrobial  activity
reported to affect antibiotic biosynthesis in different was shown at 5  day. The performance of a microbial
organisms. Time course (Fig. 3) showed that activity and culture can be strongly influenced by the inoculum size.
growth yields were gradually increased with increasing Results presented in Fig.4 showed that although the
the incubation period till reaching maximum after 9 days growth yield increased by increasing the inoculum size,
for activity and 11 days for growth. These results revealed no parallel increase in antitrichophyton activity was
that the antitrichophyton metabolite was early produced observed on using more than 2ml inoculum/50ml
and reached maximum at the stationary phase of growth. production medium. Grag and Neelakantan [36] found that
The cessation of growth in the stationary phase is most the size of inoculum might be an important factor in
commonly caused by the exhaustion of the essential microbial fermentations. Hunt and Stieber [37] also
nutrients of the medium as well as the accumulation of reported that the growth and yield of antibiotic was
undesirable metabolites. Thakur et al. [33] noticed the markedly influenced by the size of inoculums. Hamdy et
optimal incubation period required for maximum growth al. [38] reported that the seed stage manipulation
and antibiotic yields by Streptomyces sp. 201 was six improved rapamycin production by S. hygroscopicus
days. On the other hand, Oskay [34] observed the highest ATCC 29253. They found that highest rapamycin yield
biomass and  antibiotic  production  of  Streptomyces  sp. was attained at inoculum size of 6%. 

th
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On studying the effect of different agitation speeds
on the productivity of the experimental organism, results
showed that maximum activity was obtained at 150-200
rpm (data not shown). The growth yields exhibited little
variation with increasing the agitation speed. Lopatnev et
al. [39] reported that the favorable effect of agitation may
be attributed to the fact that increasing the agitation
speed tend to increase the amount of dissolved oxygen
available to the culture. Evidence presented by many
investigators reported that a shaking rate of 300 rpm was
required to supply enough dissolved oxygen to a culture
of S. noursei producing nystatin while lower rate resulted
in depletion of dissolved oxygen. Also, Martin and Fig. 5: Effect of different carbon sources on the growth
McDaniel [40] reported that an agitation speed of 300 rpm and antitrichophyton activity of Streptomyces sp.
was required to keep the dissolved oxygen level from No.1
falling below 20% of saturation in candidin and candihexin
fermentation. These results are in agreement with those
obtained by Martin and McDaniel [41] who stated that
when adequate aeration was not provided, the dissolved
oxygen level would fall below the critical level (the level
above which the rate of oxygen uptake is independent of
oxygen concentration). In such case, candicidin
production was reduced. Yu et al. [42] investigated the
effect of agitation rate on antifungal antibiotic production
by the strain S. rimosus MYO2.They concluded that the
best agitation rate was 180 rpm.

Carbohydrates nutrition, which plays a key role as
structural and energy compounds in cells, was considered Fig. 6: Effect of different nitrogen sources on the growth
in the present study. During the course of this and antitrichophyton activity of Streptomyces sp.
investigation, we studied the effect of different carbon No.1
sources, namely; glucose, fructose, mannose, maltose,
sucrose and starch on active metabolite(s) production. The profile of growth and antibacterial biosynthesis by
The growth yield considerably enhanced with maltose, the tested organism proved to be not only affected by the
mannose and sucrose, on the other hand, glucose offered nature of the used carbon source, but also with its level.
relatively high antitrichophyton activity. Minimum Result showed that maximum antitrichophyton activity
inhibition zone was observed with mannose and fructose was maintained at the tested lower glucose levels, 0.5%
while minimum biomass yield was observed with starch and 0.75%, where the inhibition zone was 28mm at both
(Fig. 5). Ismet et al. [43] studied the production of concentrations (data not shown). The activity was
antifungal metabolites by Micromonospora sp. M39. decreased upon using high levels of glucose. Singh et al.
Glucose, when used alone, increased both the  packed [46] showed that antibiotic production from alkaliphilic
cell volume and the antifungal activity when compared to Streptomyces tanashiensis strain A2D was higher in
glycerol and starch. Similarly, Wu et al [44] tested the medium having glucose (1 %) as carbon source while
effect of various carbon sources such as glucose, highest biomass resulted on using 1.5 %( w/v) glucose
sucrose, starch, lactose and glycerol on fungichromin concentration.
production by S. padanus PMS-702. Glucose was found Upon studying the effect of the nature of nitrogen
to be the most effective carbon source used. Suthindhiran sources, casein and KNO  was highly favorable for both
and  Kannabiran  [45] supplemented the fermentation growth and antitrichophyton activity (Fig. 6). On the other
media of Saccharopolyspora salina VITSDK4 with hand, the other tested nitrogen source resulted in a
various carbon sources. They concluded that glucose, decreased antitrichophyton activity that does not
xylose  and  starch  served  as suitable   carbon   sources. correlate  with  growth.  However,  both  growth yield and

3
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antitrichophyton activity were greatly retarded with provide non limiting growth conditions without affecting
peptone. The maximum inhibition zone was observed on the antibiotic production yield. Egorov [51] indicated that
using casein and KNO  (28 mm). Kansoh and EI-Ginidi the excess PO  altered the biochemical composition of the3

[47] reported that the maximum yield of the antibiotic from mycelium protoplasm and affected the physiological
Streptomyces sp. NR2 was noticed with potassium nitrate function of the cell decreases the biosynthesis of the
followed by sodium nitrate and ammonium nitrate. antibiotic.
Conversely, EL-Mehalawy et al. [48] found that
ammonium sulphate was the best nitrogen source for pH Value-Relationships: In addition to the necessity of
antifungal production by both S. lydicus and S. the nutritional requirements, changes in the pH value of
ederenses. Glutamic acid was the best nitrogen source for the medium can affect many cellular processes such as the
Serumpens, while soybean was the best nitrogen source regulation of the biosynthesis of secondary metabolites
for Santimycoticus. For all the tested Streptomyces [52]. The pH of the medium is very important for growth
species, potassium nitrate was the poorest nitrogen of the microorganism, characteristic of their metabolism
source for supporting antifungal production. Our results and hence for biosynthesis of metabolites. 
showed that the growth yield and the antitrichophyton The hydrogen ion concentration may have direct
activity were markedly enhanced upon decreasing the effect on the cell or it may indirectly affect it by varying
casein/KNO  concentration (data not shown). Thus the dissociation degree of substances in substrates. Our3

maximum antifungal microbial outputs were recorded with results showed that both antitrichophyton activity and
the lowest nitrogen levels; namely 0.0075 and 0.05 g/l for growth yields were the maximum at the neutral pH value
casein and KNO  respectively. Obviously the increase of using phosphate buffer (data not shown). It is also noted3

the nitrogen levels exerted relatively a deleterious effect that tris-maleate buffer, causes a remarkable decrease in
on the antitrichophyton productivity as compared to the both growth and antitrichophyton activity. In agreement
growth yields. The minimum antitrichophyton activity was with our results, EL-Mehalawy et al. [48] stated that
obtained with the highest tested nitrogen level. Saadoun increasing the pH value of the culture media of
and Muhana [49] reported that the optimal KNO Streptomyces sp. led to an increase in the antifungal3

concentration for producing active substance(s) by production up to certain limit (pH 7.0) above which any
Streptomyces isolate (Ds-104) strain was 2.5 g/l with an increase in the pH value was accompanied by a decrease
inhibition zone of 20 mm. in the antifungal production and consequently the

Results showed that optimal NaCI concentration for antagonistic activity. Saadoun and Muhana [49] indicated
the production of antifungal compound active against T. that the maximum antifungal activity recorded by
mentagrophytes was the initial concentration (0.2%) (data Streptomyces strain Ds-4 occurred on using fermentation
not shown). Singh et al., [46] investigated the optimum medium at pH range 7.0-7.5. It afforded an inhibition zone
salt requirement of the strain Streptomyces tanashiensis diameter range between 12 and 18 mm. The results
strain A2D for antibiotic production in medium containing obtained by Thakur et al. [33] and Singh et al. [46] also
carbon source (glucose) and nitrogen source (soybean). assured that the neutral range of pH value enhanced the
They found that 2 % NaCl was optimum for maximum formation of anticandidal agents from different
growth (4.9 mg/ml) as well as antimicrobial compound Streptomyces sp.
production (20.9 mg/ml). Further increase in salt
concentration reduced the antimicrobial agent Preliminary Chemical Investigation of the Active
biosynthesis. The role of K HPO  was similarly Compounds Produced by Streptomyces sp. No.1: Efforts2 4

investigated. Results showed that the antifungal activity
increased with the increase of the tested salt
concentration till it reaches maximum at 0.6 g% (data not
shown). The microbial activities were noticeably
decreased at lower phosphate levels. 

Singh et al. [50] reported that phosphate ions seemed
to stimulate the process of primary metabolite production
at the expense of secondary metabolite. Also, they
reported that the highest dipotassium hydrogen
phosphate concentrations studied at 1.6g/l proved to

4

have also been made to isolate, purify and characterize the
chemical nature of the active compound(s) responsible for
the antitrichophyton activity exerted by the experimental
organism. This included studying the TLC picture of the
obtained crude compound(s), thus, sample of the ethyl
acetate extract of the myclial cake was developed on TLC
plate using solvent system composed of ethyl acetate:
benzene (1:1,v/v), to study the composition of the
resulting compounds. To determine the active component,
the chromatograms were detected under a UV lamp (vilber
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lourmat VL 6.LC) and each spot was scratched off the TLC antitrichophyton exhibiting culture was identified as a
plate and dissolved in ethyl acetate. Silica gel was new isolate referred to as Streptomyces sp. MECO2. The
removed by centrifugation at 2000 rpm for 10 min. the growth as well as the biosynthesis of the bioactive
supernatant was air-dried and the active material was compound (s) produced by the selected organism was
tested by paper disc assay method described by De Beer found to be extremely affected by the physiological and
and Sherwood [23]. The supernatant is dissolved in the fermentation profiles of the cultivation process these
least amount of ethyl acetate and completely loaded on investigations out lined the conditions allowing maximum
0.5 cm paper disc. The discs are spaced upon seeded agar exhibition of the antitrichophyton activities. Adopting the
plates to allow adequate room temperature for the TLC chromatographic technique, 5 individually active
development of inhibition. The bioactivity guided bands have been detected. The band exhibiting relatively
fractionation of the crude ethyl acetate extract of the high activity was separated and characterized on chemical
experimental organism was conducted through the and physical basis. However, further studies on the
investigation of the TLC profile of the obtained bands. purification and characterization of the bioactive
Out of the five obtained bands the band corresponding to compound (s) are underway. It is hoped that the results of
Rf (0.6) appeared to be the most potent one where it gave the present work may contribute to the discovery of a
inhibition zone with a diameter equals 20 mm. This band local new Streptomyces sp. having promising
was therefore considered to isolate the crude residue antitrichophyton activity. 
representing the existence of the recorded peculiar
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