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Abstract: A new strain ABB-4 was identified as Streptomyces bangladeshiensis from the soil of Natore,
Bangladesh.This paper describes the isolation and characterization of bis-(-ethylhexyl)phthalate fromthis new
Streptomyces species with the help of various chemical and spectroscopic methods. This is the first report of
a phthalic acid derivative produced biosynthetically from Streptomyces species and it also showed moderate
antimicrobial activities against most tested Gram positive, Gram negative bacteria and some pathogenic fungi.
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INTRODUCTION

Pharmaceutical microbiology screening programs
have shown that secondary metabolites can be isolated
which bind to active sites of enzyme organelles and
receptors.As a result, secondary metabolitesproduced by
Streptomyces have been the primary source of antibiotics
and more recently, are used as herbicides, anticancer
drugs, immunoregulatorsand antiparasitic compounds[16].
Pharmaceutical microbiology research provides a basis
for the development of new approaches to combat human
diseases[12]. Infectious diseases are leading health
problems with high morbidity and mortality in the
developing countries[6,18]. On this viewpoint, attempts
have been made to investigate the indigenous drugs of
choicein infectious diseases for mitigationof suffering of
the vastmasses of humanity.The firstsystemic search for
antibiotics, made by Gratia and Dath around 1924 [11],
resulted in the discovery of actinomycetin in strain of
Actinomycetes,soil organisms thatare representatives of
the group that has given us a number of antibiotics
since 1940. The Actinomycetes and in particular the
genus Streptomyces is widely reported for the
production of various antibiotics which are used
therapeutically[3,8,17].

Therefore in order to find out new organisms with
potent antimicrobial activity, a novel strain of
Streptomyces bangladeshiensis[2] was isolated from the
soil of Natore, Bangladesh. Here we report the isolation
of a phthalic acid derivative, bis-(-ethylhexyl)

phthalatefromthis new speciesS. bangladeshiensis and its
antimicrobial activities against some pathogenic bacteria
and fungi.

MATERIALS AND METHODS

Collection of organism: The organismwas isolated from
a soil sample collected from Natore, Bangladesh at the
depth of 0.75mduring the monthof September 2001 using
crowded plate technique[10]. The organism was identified
as a novelActinomycetes,Streptomyces bangladeshiensis
on thebasis of morphological, physiological, biochemical
and sequencing of 16S rDNA studies[2]. The strain has
been deposited under the accession number NRRL B-
24326 T (ARS Culture Collection, Peoria, Illinois) and
LMG 22738 T (BCCM /LMG Bacteria Collection).

Fermentation: The strainwas grown onmodified Czapek
Dox (alkaline) agar slant at 32.5oC for two weeks. Spores
were collected from a slant culture with 10 ml of the same
medium broth. Cultivation of the strain was made by
transferring 1ml (ca. 108 cells/ml) of the spore suspension
and was incubated at 32.5oC, 250 rpm for seven days in
500 ml Erlenmeyer flasks containing 100 ml of antibiotic
medium consisted of 2 % sucrose, 0.25 % yeast extract,
0.1 % K2HPO4, 0.05 % MgSO4 .7H2O, 0.001 % FeSO4.

7H2O and 0.002% NaCl.

Extraction: The maximum secretion of metabolites from
the strain was found at the 7th day of incubation in
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modified Czapek Dox broth (alkaline pH 8.5) medium at
32.5o C by maintaining all the physicochemical factors in
optimum level for the culture[1]. The extraction of the
metaboliteswas carried out byethyl acetate solventon the
basis of best solubility and maximum antimicrobial
activities. The solvent, ethyl acetate was evaporated after
extraction of the antimicrobial agents from the culture
medium in a rotary evaporator. A mixture of 515 mg of
crude antimicrobial agents was obtained from 1 liter of
culture filtrate.

Isolation and purification: The ethyl acetate extract
(60.5 gm) was subjected to column chromatography on
column-graded silica gel with gradient elusion using
chloroform-ethyl acetate mixtures. From fraction 5, the
compound AA-2 was purified on preparative-TLC
(applied on silica gel 60, PF254+366 MERCK; glass plates
20 mm and 20mm, 0.25 and 0.5 mm MERCK) using
chloroform-ethyl acetate (5:1) as eluent with the help of
UV light (254 and 366 nm) and vanillin- sulfuric acid
spray reagent followed by heating at 120 oC to afforded
12 mg reddish crystals (mp. 110-120 oC).

Antimicrobial assay: Test pathogenic microorganisms
employed for In vitro antimicrobial assay were obtained
from Institute of Nutrition and Food Science (INFS),
University of Dhaka, International Center for Diarrhea
Disease and Research of Bangladesh (ICDDRB) Dhaka,
Botany Department, Rajshahi University and Rajshahi
MedicalCollege Hospital (RMCH) Rajshahi, Bangladesh.

The antimicrobial assay of the isolated compound AA-2
was performed bystandard disc diffusion technique[4,5]. A
total of five Gram positive and nine Gram negative
bacteria (Table 1) and eight pathogenic fungi (Table 2)
were used in this antimicrobial screening. The compound
AA-2 (100mg/disc and 30mg/disc) was prepared by
dissolving it with ethyl acetate. To compare the
antibacterial and antifungal activities, kanamycin
(30mg/disc) and nystatin (20mg/disc) were used as
standard antibiotics respectively. As a negative control, a
blank disc impregnated with solvent followed by drying
off was used.

Briefly, the test discs, standard discs and blank discs
were placed in a petridish with a particular bacteria or
fungi and then left in a refrigerator at 4°C for 12-18 h in
order to diffuse the material from the discs to the
surrounding media. The petridishes were then incubated
at 37°C for overnight to allow the bacterial growth and
48-72 h for fungal growth. The antibacterial and
antifungal activities of the compound AA-2 were then
determined by measuring the respective zones of
inhibition in mm.

The minimum inhibitory concentrations (MICs)
of the compound against Bacillus subtilis ,
Staphylococcus aureus , Salmonella typhi , Shigella
dysenteriae , Candida albicans , Aspergillus flavus and
Aspergillus niger were determined by serial dilution
technique[14,15] in the presence of a standard
amoxicillin trihydrate (for bacteria) and nystatin
(for Fungi).

Table 1: 1H NMR (500 MHz CDCl3) and 13CNMR (125 MHz, CDCl3) data for AA-2.
Long range correlation
--------------------------------------------------

Position δH δC
2J 3J

1,6 - 132.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2,5 7.79, dd, J=5.8, 2.0 Hz 129.0 132.6, 131.1 168.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3,4 7.91, dd, J=5.8, 2.0 Hz 131.1 129.0 132.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1’,1” - 168.0 23.9, 30.6, 66.4 11.2, 29.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3’,3” 4.19, m 66.4 168.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4’,4” 1.66, m 38.9 - 66.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5’,5” 1.40, m 23.9 - -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6’,6” 1.22-1.23, m 29.1 - -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7’,7” 1.29, m 23.2 - -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8’,8” 0.89, m 14.3 23.2 29.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9’,9” 1.40, m 30.6 38.9, 11.2 -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10’,10” 0.91, m 11.2 - 38.9
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Table 2: Antibacterial activity of the compound AA-2 and Kanamycin.
Diameter of zone of inhibition(in mm)
-----------------------------------------------------------------------------------

Test organisms Strain No. AA-2 (30mg/disc) AA-2 (100mg/disc) Kanamycin (30mg/disc)
Gram positive
Sarcina lutea QL-166 11 21 20
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bacillus megaterium QL-38 14 23 25
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bacillus subtilis QL-40 15 24 26
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Streptococcus-β-haemolyticus CRL 12 20 24
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Staphylococcus aureus ATCC-259233 13 25 22
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Gram negative
Salmonella typhi 14 25 20
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Shigella dysenteriae AL-35587 13 23 22
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Shigella boydii AL-17313 10 20 24
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Shigella sonnei AJ-8992 12 18 23
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Shigella flexneri AL-30372 9 19 25
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Shigella shiga ATCC-26107 10 20 24
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Escherichia coli FPFC-1407 8 21 25
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas aeruginosa CRL 9 20 23
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Klebsiellaspecies 9 20 24

RESULTS AND DISCUSSIONS

Characterization of the compound AA-2: The
compound AA-2 with Rf value 0.52 (silica gel GF254,
solvent system, chloroform: ethyl acetate= 5:1) was
isolated from ethyl acetate extract of the metabolites of a
Streptomyces bangladeshiensis species and was obtained
as reddish crystals with mp. 110-120°C. The compound
was found to be odorless and appeared as a yellowish spot
on TLC plate when viewed under UV light (254 nm).

The mass spectrum of compound AA-2 established
the molecular formula as C24H38O4 (HR-MS=390.2770).
The 13C NMR spectrum (125 MHz, CDCl3; Table1)
showed a total of 12 carbons-half of the numbers
indicated in the mass spectrum. This means that the
compound consisted of two identical parts as mirror
image to each other. Among 12 carbons, two (dC 168.6
and 132.6) disappeared in the DEPT 135 experiment so
these two carbons must be quaternaries in nature. The
carbon at 168.0 is typical for a carbonyl carbon inan ester
group.

The 1H NMR spectrum (500 MHz, CDCl3; Table1)
showed aromatic protons at d 7.79 (2H dd, J = 5.8, 2.0
Hz), 7.51 (2H dd, J = 5.8, 2.0 Hz), two protons multiplet
at d 4.19, one proton multiplet at 1.66, two methyl
resonances at 0.89 and 0.91. The spectrum also showed

Partial structure I

multipletsaround d 1.22-1.43 for a number of methylenes
in the molecule. Combined studies of 2D NMR
experiments, notable FG- COSY, FG- HMQC and FG-
HMBC allowed to complete assignment of the spectral
data.

The existence of only two aromatic protons in the
molecule suggested that the compound must have an
ortho-disubstitueted benzene ring bearing the same
substituent in both positions. The aromatic proton at d
7.79 (H-2/H-5) showed direct coupling to a carbon at
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129.0 in theHMQC experiment (Table1) whilelong range
HMBC correlations to carbons at d 132.6 (2J), 131.1 (2J)
and the carbonyl group at 168.0 (3J). Similarly, H-3/H-4
(d 7.51) revealed direct, 2J and 3J correlations to carbons
at d 131.1, 129.0 and 132.6, respectively. From the above
correlationsthe quaternary carbonat d 132.6 wasassigned
as C-1/C-6 and the methine carbons at 129.0 and 131.1 to
C-2/C-5 and C-3/C-4, respectively. As the other
quaternary carbon at 168.0 (>C=O) showed 3J correlation
with H-2/H-5 it must be next to C-1/C-6. Thus, this
carbon was assigned as C-1’/C1”. So the partial structure
of the compound can be drawn as I.

The two-proton multiplet at 4.19 showed direct
coupling to an oxygenated carbon at d 66.3 and 3J
correlation with the carbonyl group. Thus these protons
were assigned as H-3’/H-3”. The one proton multiplet at
1.66 showed coupling with H-3’/H-3” in the FG- COSY
experiment which, in turn, showed direct coupling at d
38.9 (C-4’/4”) in the HMQC experiment and long range
correlation with carbonsat d 66.4 (C-3’/C-3”), 23.9,30.6,
29.1 and 11.2. The methyls at 0.89 and 0.91 exhibited
direct coupling to methyl carbons at 14.1 and 11.2,
respectively. A common 3J correlation by (H-4’/4”) and
one methyl at 0.89 (H-8’/H-8”) to d 29.1 confirmed its
assignmentas C-6’/C-6”. This methyl was also connected
to C-7’/C-7” (23.2) over 2J. The other methyl group (0.91,
H-10’/H-10”) showed 3J correlation to a carbon at C-38.9
(C-4’/C-4”). A multiplet at 1.40 showed 2J correlation to
C-10’/C-10”, C-4’/4” and 3J correlations to C-3’/C-3”.
Thus this proton must be H-9’/H-9”, which showed direct
couplingwith a carbon at d 30.6 (C-9’/C-9”). On the basis
of above spectral data the compound AA-2 was identified
as bis-(2-ethyl hexyl) phthalate. Its 1H and 13C NMR data
were in good agreement with those published in
literature[13].

The results of antibacterial and antifungal screenings
in terms of zone of inhibition in mm are presented in
Table 2 and Table 3 respectively. All the Gram positive
and Gram negative bacteria showed a moderate
sensitivity towards the compound AA-2 especially

Table 3: Antifungal activity of the compound AA-2 and Nystatin.
Test Organism Diameter of zone of inhibition (in (20 mg/disc mm)

----------------------------------------------------------------
AA-2 Nystatin (Standard)

Candida albicans 10 22
Aspergillus fumigatus 7 19
Aspergillus flavus 13 23
Aspergillus niger 12 24
Epidermophyton floccosum 8 21
Trichoderma species 8 30
Fusarium species 9 26
Bipolavis species 7 24

Table 4: The results of MIC values (in mg/ml).
Test organisms AA-2 Amoxycillin Nystatin

Trihydrate
Bacillus subtilis 16 2 -
Staphylococcus aureus 32 8 -
Salmonella typhi 16 4 -
Shigella dysenteriae 32 2 -
Candida albicans 64 - 4
Aspergillus flavus 128 - 8
Aspergillus niger 64 - 4

Staphylococcus aureu, Streptococcus-β-haemolyticus,
Salmonella typhi, Shigella dysenteriae, Shigella flexneri,
Pseudomonas aeruginosa and Klebsiella species.
However all the pathogenic fungi also showed a weak
sensitivity to the compound AA-2 especially Aspergillus
niger, Aspergillus flavus, Candida albicans and
Trichoderma species.

The minimum inhibitory concentration of the extract
was shown in the Table 4. It is found that the compound
AA-2 was good potency against Bacillus subtilis,
Staphylococcus aureus, Shigella dysenteriae and
Aspergillus flavus. But further work is necessary in order
to establish the antibiotic importance of this isolated
compound.

Chemically synthesized dioctyl phthalate (bis-(-
ethylhexyl) phthalate) was found to be a patent
material[7,9] produced by organic synthesis from vacuum
oil. So far, phthalic acid has been known to be produced
by Gibberella fujikuroi [19] but this is the first occurrence
of bis-(-ethylhexyl) phthalate from Streptomyces
bangladeshiensis and naturallyoccurring dioctylphthalate
shown antimicrobial activity against Gram positive
bacteria.
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