
Australian Journal of Basic and Applied Sciences, 5(9): 549-558, 2011
ISSN 1991-8178

Corresponding Author: Amira A. El Gammal, Microbial Chemistry Department National Research Centre (NRC) Cairo,

Egypt.
549

Production, Purification and Characterization of the Antifungal Agent of
Streptomyces finlayi

 
Amira A. El Gammal and Abeer A. Keera.

 
Microbial Chemistry Department National Research Centre (NRC) Cairo, Egypt.

Abstract: Many different species of grey Streptomyces were screened for ability producing antibiotic,
one from the different cultures has the highest level of antifungal antibiotic known as Streptomyces
finlayi was selected to the study the nutrition requirement and characterization of antibiotic after
extraction and partial purification. It was found that the media give high production of antibiotic
consist of: (g/L) 0.5 KNO3, 1.0 K2HPO4, 0.5 MgSO4. 7H2O, 0.5 NaCl, 3.0 CaCO3 and 0.01 FeSO4
0.5 H2O at 28oC for 5 days. The obtained antibiotic is freely soluble in diethyl ether, ethyl acetate
and methanol but insoluble in chloroform, acetone, carbon tetrachloride, benzene, butanol, amyl acetate
and petroleum ether, Rf of the antibiotic ranged from 0 to 0.88 depending on the used solvent. The
elemental analysis showed that it contains carbon (62.39%), hydrogen (7.45%), nitrogen (2.42%) and
oxygen (27.72%). The data of UV, IR, 13C NMR and 1HNMR suggest that this antibiotic has a large
cycloaliphatic polyoxygenated highly unsaturated molecule containing single nitrogen atom.
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INTRODUCTION

Antibiotics are a special kind of chemotherapeutic agents produced by living organisms; bacteria, fungi
and actinomycetes, which in small quantities can inhibit the growth of microorganisms or even kill them
(Pelezar et al., 1986). There are several classifications of antibiotics based on their chemical structure,
biological origin and therapeutic effect (Simon, et al., 1985). Waksman and Lechevalier (1962) classified
antibiotic on the basis of their antibiotic spectra or activity against different groups of bacteria and fungi.
Actinomycetes comprise an extensive group of Gram- positive, aerobic, largely mycelial bacteria. Some species
cause diseases of animals or plants and few species are parasitic that have been isolated only from their animal
hosts (Mc Carthy and Williams, 1992). Members of the genus Streptomyces are distinct from other bacteria
in their morphological differentiation of a branched network of filamentous hyphae. Streptomyces produce a
wide range of secondary metabolites, including antibiotics, many of which are of clinical importance in the
treatment of infectious diseases or diseases caused by the proliferation of malignant cells (Pelezar et al., 1986
and Innes and Allan, 2001).  Metabolites from Streptomyces are used as growth promoters, agents for plant
protection, anti-parastic agents and herbicides (Bibb, 1996).  Streptomyces species have also been used directly
as biological control agents, as an alternative to agrochemicals, for the control of plant disease (Edwards et
al., 1994; Uoti, 1995 and Berg et al., 2001).

Streptomyces strain capable of producing antifungal agent was subjected to study the nutritional
requirements and optimum fermentation conditions for antifungal agent production. Purification and
characterization of the produced antifungal agent were also studied. 

MATERIAL AND METHODS
Microorganisms:

Streptomyces finlayi was chosen from various Streptomyces strains locally isolated from different soil
regions of Egypt that were identified in our laboratory as capable of producing antifungal agents (Abu Shady
et al. 2004). The antifungal potentiality of S. finlayi was determined against the following moulds according
to the agar diffusion method (Wu, 1984). Aspergillus niger, Aspergillus flavus, As pergillus terreus, Botrytis
allii, Macrophomina phaseoli, Helminthosporium turcicum, fusarium osysporum, Diplodia oryzae and
Trichoderma viride. The tested microorganisms were obtained from the culture collection of the Mircen
(Faculty of Agriculture, Ain Shams University, Cairo Egypt). 
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Production of Antifungal Agent:
Streptomyces finlayi was cultivated on the basal salt liquid medium (Waksman, 1961) adjusted to pH 7.0.

The medium contained the following components (g/L): 20.0, starch; 2.0, potassium nitrate; 1.0, dipotassium
hydrogen phosphate; 0.5, magnesium sulphate; 0.5, sodium chloride, 3.0 calcium carbonate and 0.01, ferrous
sulphate. Moulds were cultivated on agar media of Czapek's Dox and malt- extract, respectively. 

Erlenmeyer flasks (250 ml) containing 50 ml of the liquid basal salts medium (Waksman, 1961) were
inoculated with a disk of 0.4 cm diameter taken from 7 days old culture plates of the studied isolates. 

The flasks were incubated on a rotary shaker (200 r.p.m) at 30oC and initial pH 7.0 for 5 days. The
culture broth was centrifuged at 5000 r.p.m at 4oC in order to separate the microbial cells and the supernatant
was used to test the antifungal potentiality. Those were expressed as the diameter of the inhibition zones
according to the agar plate diffusion method (Wu, 1984). 

Optimization of Culture Conditions:
Carbohydrates including mono, di or polysaccharides (D-glucose, D- galactose, D- fructose, L- rhamnose,

maltose, lactose, mannose, L- arabinose, D- Manitol, cellulose or xylose) were tested with respect to their
ability to support the production of the antifungal agent of Streptomyces finlayi. Starch as a sole carbon source
in the fermentation medium was replaced by cellulose or glucose at a concentration of 20 g.L. other sugars
were incorporated with equimolar amounts to glucose. Different concentrations of maltose were tested for their
suitability to enhance the antifungal agent production. 

The addition of various nitrogen sources were also studied, namely sodium nitrate, ammonium nitrate,
ammonium oxalate, ammonium sulphate, ammonium monohydrogen phosphate, ammonium dihydrogen
phosphate and triammonium phosphate. The nitrogen in the fermentation medium was replaced by various
nitrogen sources with equimolar amounts as potassium nitrate. 

Different concentrations of potassium nitrate were tested for the antifungal agent production. The phosphate
in the fermentation medium was also replaced by various phosphate sources with equimolar amounts.
Dipotassium hydrogen phosphate, potassium dihydrogen phosphate, disodium hydrogen phosphate, sodium
dihydrogen phosphate, ammonium dihydrogen phosphate, diammonium hydrogen phosphate or triammoium
phosphate were tested. Different concentrations of dipotassium hydrogen phosphate were also, tested to enhance
the production of the antifungal agent by Streptomyces finlayi. 

Time Course of Antifungal Agent Production: 
The time course from 1-10 days was followed in shaking flasks to determine the appropriate period of

incubation for optimum antibiotic production. 

Extraction and Purification Steps: 
Three different methods were used to purify the studied antibiotic: Solvent- solvent extraction, adsorption

and precipitation methods. In solvent - solvent extraction, the use of different solvents of different polarities
was tested for their ability to extract the antifungal substance from the supernatant at pH values 2, 7 and 10.
Diethyl ether, ethyl acetate, butanol, butyl acetate, chloroform, benzene and petrolium ether were used. The
solvent layer was separated and tested for the antifungal activity against Macrophomena phaseoli as a test
organism according to agar diffusion method (Wu, 1984). All  solvents were tested alone as controls. 

The adsorption of the antifungal substance from the supernatant of the cultural broth was also tested by
shaking with charcoal, silica gel, or alumina (2.5% w/v), separated by centrifugation and the supernatant was
bioassayed for residual antifungal potentialities against the test organism. Different solvents were tested for their
ability to precipitate the antibiotic substance from the supernatant at different pH values 2, 7 and 10. The
solvents used were methyl alcohol, acetone, saturated solutions of ammonium sulphate, calcium chloride and
ammonium chloride. 

The formed precipitates were separated, dried  under vacuum then dissolved in 5ml sterile distilled water
and tested for its antifungal potentiality against the test organism. The procedure for isolation of the antibiotic
is shown in (figer.1). Streptomyces finlayi was cultured and incubated in Erlenmeyer flasks at 28oC for 5 days
an a rotary shaker (200r.p.m) the fermentation broth was separated by centrifugation into filtrate (36 liters) and
mycelia, the supernatant was bioassayed for its antimicrobial activity and if there is, it was extracted by an
equal volume of diethyl ether at (pH7) three times and the extract was concentrated in vacuo to gives a brown
oil residue. 
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The oily material was dissolved in a phosphate buffer pH7 and subjected to diethyl amino ethyl cellulose
(DEAE cellulose) column chromatography followed by stepwise elution with NaCl gradient (0.05, 0.1, 0.2, 0.3,
0.4 and 0.5) M in 0.1 M phosphate buffer at pH7.0 to give the active fraction, the fractions were tested for
activity and it was found that fraction 0.2M NaCl contained the highest amount of the antibiotic thereafter it
was re-extracted with diethyl ether, the organic layer was concentrated in vacuo to give a pure antibiotic
(154.5mg from 36 liters of culture filtrate). 

     Cculture broth (36 liters).

 
Fig. 1: Extraction procedure of the Antibiotic produced by Streptomyces finlayi culture broth (36 liters).

Rf value: 
The Rf value of the extracted antifungal agent was calculated according to the method of Blinov and

Khoklov (1970). The solvent systems used diethyl ether, chloroform, carbon tetrachloride, petroleum ether,
acetone, benzene, methanol, ethyl acetate, n-butanal, H2O saturated with n-butanol, 3% NHCl in water, n-
butanol- acetic acid- water (2: 1:1) or amyl acetate. 

Elemental Analysis: 
The elemental analysis for the presence of carbon, hydrogen, nitrogen, and oxygen in the antifungal

molecule was estimated. Those were done at the Micro- analysis center. Cairo University and National
Research Center, Cairo - Egypt. The effective purified compound was identified by ultraviolet, infrared, 1H-
NMR, 13C- NMR and mass spectra. 
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RESULTS AND DISCUSSION

Antimicrobial Potentialities of the Antibiotic:  
Table (1) shows inhibitive effect of obtained antibiotic on the growth of Marcophomina phaseoli and

Botrytis allii. The antifungal antibiotic had a moderate effect on Aspergillus niger, Helminthosporium turcicum,
Fusarium oxysporum, Aspergillus terreus and Trichoderma viride, while Diplodia oryzae and Aspergillus flavus
were comparatively less affected.  

Factors Affecting the Antifungal Agent Production of S. Finlayi: 
1 Effect of Carbon Sources: 

Various carbohydrates including mono, di-or polysaccharides were tested with respect to their ability to
support the production of antifungal agent of Streptomyces finlayi (Table 2). Maltose was the more carbon
source stimulate the maximum production of the antibiotic followed by starch then mannose, arabinose and
glucose. Low level of production were recorded using galactose, manitol, lactose followed by fructose, cellulose
and xlyose. Lowest level of production was recorded on using rhamnose. 

Maltose at 1% (w/v) was more suitable for antibiotic production and activity than other  concentration,
this phenomenon was introduced by Inoue et al., 1982. 

2. Effect of Different Nitrogen Sources:
The data given in table (4) shows that promising production of the antifungal antibiotic by S. finlayi was

supported by potassium nitrate than other tested nitrate sources. While sodium nitrate supported moderate level
of production. Of the tested ammonium salts monobasic and dibasic ammonium phosphates supported moderate
level of production, these were followed by ammonium oxalate. A lower level of production was recorded on
using tribasic ammonium phosphate or ammonium nitrate. Lowest level of production was recorded on using
ammonium sulphate. 

Potassium nitrate at the level of 0.05% was more suitable for antibiotic production than other
concentrations of nitrogen sources. In this respect (Young et al., 1985), found that while phosphate and
ammonium salts were required for growth, they had negative effects on antibiotic synthesis. 

3. Effect of Different Sources of Phosphates:
Table (6) shows that dipotassium hydrogen phosphate favourable  for antibiotic production than other tested

phosphate sources. 

4. Different Concentration of Dipotassuim Hydrogen Phosphate:
Increasing K2HPO4 from 1.0 to 2.5g/L declined lincomycin production by 33% whereas 0.5-1.0g/L gave

more antibiotic (Young et al., 1985). The data given in table (7) show that the level of antifungal antibiotic
is greatly affected by the concentration of dipotassium hydrogen phosphate. 

Being concentration of 1.0 g/L was the most favorable concentration for antibiotic production, lower as
well as higher concentration negatively affected the level of the production of the studied antibiotic.  

5. Time Course of Antifungal Agent Production: 
The time course from 1 to 10 days was followed in shaking flasks at the optimized culture conditions

(table 8). The production of the antifungal agent of S. finlayi was detected on the second day of incubation
in the culture broth and increased gradually to reach a maximum on the 5th day then decreased gradually till
the 10th day of incubation. The antifungal production declined indicating its accumulation after a certain period
of streptomycetal growth. The explanation for this observation was also discussed by Raytapadar and Paul
(2001) who found that antibiotic production by Streptomyces aburaviensis in synthetic media reached the
maximum production level on the 5th day of incubation after which it was declined till the end of the
experiment. 

Physico-chemical Properties:
Solubility:

The antifungal antibiotic is soluble in diethyl ether, and slightly soluble in ethyl acetate or methanol, but
insoluble in petroleum ether, benzene, chloroform, carbon tetrachloride, butanol, acetone or amyl acetate (table
9). The antifungal agent was completely adsorbed on charcoal or alumina showing no residual activity and was
partially adsorbed on silica gel (Table 10).  
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All trials to elute the antifungal agent from charcoal and alumina were unsuccessful. Results in Table (11)
indicate that, saturated solution of calcium chloride (w/v) was able to precipitate a small quantities of the crude
antibiotic produced by Streptomyces finlayi at different pH levels, where the inhibition zones were 16mm with
acidic and alkaline pH (pH 2, 10) and 15 mm with neutral (pH7). The other substance failed to precipitate the
active substance of the antibiotic. 

Characterization of the Antifungal Agent:
Investigators reported that determination of Rf values of the substance in certain sets of solvents with

different polarities and chromatography play a great role in the recent key for antibiotic identification (Blinov
and Khokhlov, 1970). 

Results obtained indicate that in petroleum ether, benzene, chloroform, carbon tetrachloride, butyl alcohol,
acetone, amyl acetate and 3% NH4Cl in H2O (Rf = 0). The antimicrobial substance showed high Rf values
in diethyl ether (0.88), water saturated with n-butanol (0.7) and moderate Rf values in methyl alcohol (0.3),
ethyl acetate (0.31), n- butanol- pyridine - water (1:0.6:1) (0.31), n- butanol - acetic acid - water (2: 1: 1)
(0.24). 

Partial Structure Elucidation of the Purified Antifungal Agent: 
Elementary Analysis: 

The elementary analysis suggested the molecular formula C30H43NO10 indicating a polyoxygenated
compound and a double bond equivalent number 10 which indicated a total 10 rings and unsaturated bonds.

U.V Absorption Spectrum:
The high U.V. absorption (Fig. 2) at nm 248, 310 and 372 suggested high unsaturated conjugated

structures. 

Infrared Spectrum:
The IR spectrum (Fig. 3) revealed the cycloaliphatic nature of the compound and the following signale

were given: Cm-1; 3400 (OH) broad due to hydrogen bonding supporting the conjugated unsaturated nature;
2950-2850 for CH, CH2, CH3 and  probably N- CH3 and this range of bonds may also refer to COOH and
CHO groups. The band at cm-1 1720 (C=O), 1600 (C=C), bands at 1500, 1420, 1300 for C- OH, CH3 mostly
connected to N atom. Bands at 1010 and 1110 indicated cycloaliphatic nature and give evidence for (-CH2-)n
groups. The doublet signale at 760 and 700 Cm-1 also supported the structure (C- (CH2)n-C). 

Mass Spectrum: 
The EI. MS spectrum (Fig. 4,5) showed several intense peaks although the M+ ion at m/z 577 was just

a hint. The odd molecular weight at 577 provides an add nitrogen atom (S) and it confirms with molecular
formula C30H43NO10. 

The fragmentation pattern of the compound showed losses of CH, CH2, CH3, H2O (m/z 167- m/z 149)
and (199-181) and also CHO (255-226) also it showed fragments corresponding to CO, CO2 and COOH
structures. 

Inspite of these indications it would be better to have a high resolution MS to give more accurate
informations about this compound.

Nuclear Magnetic Resonance (NMR): 
13C- NMR and 1H-NMR spectra (Fig. 6 and 7) proposed the presence of at least 26 carbon atoms.

However the 13C spectrum showed weak signals propably due to poor concentration of the compound and due
to the use of low magnetic field. C13 spectrum showed signals for -CH2-C, CH3- C, - CH2 and CH3 at 15
and 20 ppm, the readings round 68 ppm. for quaternary C atom and 70 ppm for Co, 143 for C=O, 129 
for HC = CH and 116-119 for = C/

/ AND C/. The 1H- NMR showed CH3 (0.9), 1-1.5 cycloaliphatic -CH-,
CH2-, 2ppm for CH3-CO-N-R, signals 3.4- 3.9 for CH= CH in long chain, 5ppm (OH), signals from 6.5-7.3
for olifenic protons in cycloaliphatic ring mostly including  -B unsaturated lacton ring. Signals at 8.1 and 11.4
ppm for CHO and COOH groups. 

All these findings may lead to conclude that substance A is a large cycloaliphatic poly oxygenated highly
unsaturated compound containing one nitrogen atom and is more or less similar to the compound AH-
758.Uyeda et al. (1995) (Fig.8) isolated from Streptomyces finlayi. 
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Many researches on the discovery of other new antibiotics were reported by Sasaki, et al. (2002); Mizui,
et al (2004) and Stritzke, et al. (2004). 

Table 1: Antifungal potentialities of isolate S. finlayi.
Test organism Zone of inhibition (mm)
Botrytis allii 44
Macrophomina phaseoli 48
Helminthosporium turcicum 29
Fusarium oxysporum 28
Aspergillus niger 32
Aspergillus flavus 18
Aspergillus terreus 26
Diplodia oryzae 16
Trichoderma viride 31
Not active against Saccharomyces cerevisiaeand Candida albicans. 
 
Table 2: Suitability of different carbon sources for the antifungal agent production by S. finlayi.
Carbon sources (2%) Inhibition zone (mm)
D-glucose 30
D-galactose 27
D-fructose 25
Maltose 37
L-rhamnose 0
Starch 35
Lactose 26
L-arabinose 33
Mannose 34
D-manitol 27
Cellulose 24
Xylose 23
Test organism: Macrophomina phaseoli. 

Table 3: Effect of different concentrations of maltose on the antifungal antibiotic production by S. finlayi.
Maltose concentration Zone of inhibition (mm)
5 30
10 40
15 30
20 37
25 29
30 23
35 20
40 0
Test organism: Macrophomina Phaseoli. 
 
Table 4: Effect of different nitrogen sources on the antifungal antibiotic production by S. finlayi.
Nitrogen Sources Zone of inhibition (mm)
Potassium nitrate 42
Sodium nitrate 32
Ammonium nitrate 25
Ammonium oxalate 29
Ammonium sulphate 19
Ammonium dihydorgen phosphate 31
Diammanium hydrogen phosphate 31
Triammonium phosphate 26
Test organism: Macrophomina phaseoli. 

Table 5: Effect of different concentration of potassium nitrate on the production of the antifungal antibiotic by S. finalyi.
Potassium nitrate concentration (g/l) Zone of inhibition (mm)
0.5 45
1.0 39
1.5 37
2.0 35
2.5 29
3.0 24
3.5 19
Test organism: Macrophomina phaseoli. 
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Table 6: Effect of different phosphate salts on the production of the antibiotic by S. finlayi.
Phosphate Salt (g/l) Zone of inhibition (mm)
Potassium dihydrogen phosphate 25
Dipotassium hydrogen phosphate 47
Ammonium dihydrogen phosphate 18
Diammonium hydrogen phosphate 27
Triammonium phosphate 15
Sodium dihydrogen phosphate 25
Disoduim hydrogen phosphate 28
Test organism: Macrophomina phaseoli. 

Table 7: Effect of different concentrations of dipotassium hydrogen phosphate on the production of antibiotic by S. finalyi.
Concentration of dipotassium hydrogen phosphate (g/l) Zone of inhibition (mm)
0.25 12
0.5 23
0.75 30
1.0 47
1.25 27
1.5 25
1.75 21
Test organism: Macrophomina phaseoli. 

Table 8: Effect of different incubation periods on the production of the antifungal antibiotic produced by S. finlayi.
Incubation period (days) Zone of inhibition (mm)
1 0
2 23
3 28
4 31
5 37
6 30
7 30
8 27
9 23
10 22
Test organism: Macrophomina phaseoli. 

Table 9: Solvent extraction of the antifungal antibiotic of S. finlayi at different pH values. 
Solvent system Inhibition zone (mm)

---------------------------------------------------------------------------------------------------------------------------
Acidic pH2 Netural pH7 Alkaline Ph10

Ethyl ether 39 46 40
Ethyl acetate 36 0 0
Butanol 0 0 0
Butyl acetate 0 0 0
Chloroform 0 0 0
Benzyne 0 0 0
Petroleum ether 0 0 0
Initial broth control pH7 42 mm 
Test organism: Marcophomina phaseoli. 
 
Table 10: Residual activities after antibiotic adsorption by different agents (Zone of inhibition mm).
Adsorbent Agents Residual Activities after Adsorption (mm)
Alumina 0
Silica gel 33
Charcoal 0
Initial Broth (control) 50
Test organism: Macrophonena phaseoli. 

Table 11: Effect of different precipitate agents at various pH values on the precipitation of the antibiotic produced by Streptomyces finalyi.
Precipitate Agent* pH2 pH7 pH10
Calcium chloride 16 15 16
Ammonium chloride 0 0 0
Ammonium sulphate 0 0 0
Methyl alcohol 0 0 0
Acetone 0 0 0
Initial Broth "control" 40
Test organism: Macrophomena phaseoli 
*Activity determined for the protion of antibiotic precipitated. 
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Fig. 2: Ultraviolet spectrum of the partially purified antifungal antibiotic produced by S. finlayi. 

Fig. 3: Infrared spectrum of the partially purified antifungal antibiotic produced by S. finlayi.

Fig. 4: Mass spectrum of the partially purified antifungal antibiotic produced by S. finlayi.
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Fig. 5: 13C-NMR spectrum of the partially purified antifungal antibiotic produced by S. finlayi.

Fig. 6: 1H-NMR spectrum of the partially purified antifungal antibiotic produced by S. finlayi.

Fig. 7: Structure of the partially purified antifungal antibiotic produced by S. finlayi.
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