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ABSTRACT

Background: Microalgae have the potential to produce natural bioactive compounds, which are
difficult to be produced by chemical synthesis. These compounds also possess diverse biological
activities, such as antibacterial, anti-inflammatory, anti-atherosclerotic and anti-carcinogenic
activities.

Objective: The purposes of the current study were to use a simple and accurate Thin layer
chromatography (TLC) bioautographic method for detection and isolation of antibacterial
compound from the complex cyanobacterial extract and the characterization of the isolated
compound.

*Corresponding author: E-mail: asmaa.abdelaa@gebri.usc.edu.eg, dr_aasmmaa@yahoo.com;



Al-Saman et al.; AUB2T, 3(1): 1-13, 2018; Article no.AJB2T.39097

characterized using IR and mass spectroscopy.

was 443.38.

antimicrobial activity from biological extract.

Materials and Methods: Polar and non-polar extracts of cyanobacterium Anabaena oryzae were
screened for antibacterial activity against various Gram-positive and Gram-negative bacterial
species using agar well diffusion method. The mode of action of methanolic extract on pathogenic
bacteria was examined using scanning electron microscopy, Thin layer chromatography-direct
bioautography (TLC-DB) was applied for the first time in detection and isolation of the antimicrobial
compound in cyanobacterial extract. The target band was purified by silica gel column
chromatography and antibacterial compound was isolated. The isolated compound was

Results: The methanolic extract had the highest biological activity against Escherichia coli, MIC
0.05 pg/ml. Scanning electron microscopy revealed a shortening and swelling of the E. coli cells,
and multiple blisters and bubbles formed on their surface. One compound with antibacterial activity
was isolated using (TLC-BD) and column chromatography. Infrared spectra (IR) indicated that the
isolated compound was phenolic compound. Mass spectroscopy indicated that its molecular weight

Conclusion: It was concluded that cyanobacteria Anabaena oryzae are metabolically very diverse
group and a promising group of organisms for research on medicines discovery.
concluded that (TLC-DB) is very useful in the isolation and identification of compounds with

It was also

Keywords: Antibacterial;
compound.

1. INTRODUCTION

Blue-green algae (Cyanobacteria) are a group of
Gram-negative photoautotrophic  prokaryotes
containing a blue-green colored pigment (c-
phycocyanin) [1]. They can be found in nearly all
habitats such as fresh and salty water, lakes,
ponds, soil, rocks and trees [2]. Their
morphological form may be unicellular,
filamentous or colonial forms [3].

Cyanobacteria are one of the richest sources of
bioactive compounds which are widely applied in
therapeutic applications [4-6]. Various strains of
cyanobacteria have the ability to produce
intracellular and extracellular metabolites with
diverse biological activities. The acetone extract
of Nostoc commune was having antibacterial
activity on Escherichia coli, Bacillus subtilis and
Pseudomonas  aeruginosa [7].  Antifungal
compounds such as fisherellin A, hapalindole,
carazostatin, a phytoalexin, palytoxin,
scytophycin, toyocamycin, thiamazole,
nostocyclamide, and nostodione were produced
by cyanobacteria belonging to Stigonematales,
Nostocales and Oscillatoriale [8]. The algicidal
phenolic compound 4.4 dihydroxybiphenyl and
the indol alkaloid norharmane were found in
Nostoc insular and Nodularia harveyana,
respectively [9]. There are also metabolites with
antiviral [10], immunosuppressant, anticancer,
anticoagulant, antimalarial, antiprotozoal,
antituberculosis, and  antitumor  activities
[11].

cyanobacterium;, Anabaena oryzae;

direct bioautography; phenolic

Bacterial resistance towards antibiotics s
responsible for the increase in mortality from
bacterial infections. So, there is rising interest in
the discovery of new antimicrobial agents
recently. Secondary metabolites with
antibacterial activity are widely produced by
cyanobacteria. They are effective against both
Gram-positive and Gram-negative bacteria [12].
Five new ambiguines from Fischerella sp. were
isolated, which showed antibacterial activity [13].
Two new norbietane compounds, showing
antibacterial activity against various Gram-
positive and Gram-negative bacteria, were
isolated from Micrococcus lacustris [14].

It is readily apparent that the rapid and efficient
detection of bioactive compounds such as
antimicrobial drugs in the extract of
microorganism is a critically important aspect.
The principal problem in their detection emerges
from the interference of the structurally diverse
compounds in the algal extract. TLC
bioautographic methods combine
chromatographic separation and in situ activity
determination facilitating the localization and
target-directed isolation of active constituents in
a mixture. Traditionally, the bioautographic
method has wused growth inhibition of
microorganisms  to  detect  anti-microbial
components of extracts chromatographed on a
TLC layer. This methodology has been
considered as the most efficacious assay for the
detection of anti-microbial compounds [15]. For
the natural product, the separation process is not



Al-Saman et al.; AUB2T, 3(1): 1-13, 2018; Article no.AJB2T.39097

easy, and the separated amount is very little in
most cases, so it is necessary to develop a
process which can detect the active compounds
in a small amount and biological activity can also
be measured successively. Considering these
problems, we can say that bioautographic
method would create a new era in separation
science [16].

There are three types of the bioautographic
assays: The direct bioautography; where the

microorganisms grow directly on thin-layer
chromatography (TLC) plates, contact
bioautography; where the antimicrobial

compounds are transferred from the TLC plate to
an inoculated agar plate through direct contact,
and agar overlay or immersion bioautography;
where a seeded agar medium is applied to the
TLC plate. The latter technique can be
considered as a hybrid of direct and contact
bioautography [17].

In this particular study Anabena oryzae is used
because few previous types of research on
Anabena oryzae have been already carried out
(Hamouda et al) and for the further conclusion,
the piece of study has to be continued. This
study applied the TLC bioautographic method for
the first time on a cyanobacterial extract that can
be beneficial for detection and isolation of
antibacterial compounds from them. This study
will help the researcher to uncover the critical
areas of isolation of active constituents from
complex  biological extracts that many
researchers were not able to explore. Thus a
new theory on -active constituents isolation may
be arrived at. It also aimed to characterize the
structure of the isolated antibacterial compounds.

2. MATERIALS AND METHODS
Identification of

2.1 Isolation and
Cyanobacterium

The study was carried out at Microbial
Biotechnology Department, Genetic Engineering
and Biotechnology Research Institute, Univ. of
Sadat City, Egypt. The blue-green alga used in
this study was collected from the soil surface of
rice fields at Kafrelsheikh governorate in Egypt
during March 2015. The samples were dried at
25°C, ground to pass a 2-mm sieve and diluted
in sterilized double distilled water. The diluted
samples were cultured on agar plates containing
BG-11medium and incubated at a fluorescent
light with an intensity of 2500 lux for three weeks.
The best colonies were picked up, re-cultured

several times on new solid BG-11 medium
(Thermo Fischer Scientific)(g/L): 1.5 NaNOsj,
0.0314 K,HPO,, 0.036 MgSQO47H,O, 0.036
CaCl,'2H,0, 0.02 Na,COj, 0.006 Citric acid,
0.001 Na,Mg EDTA, 0.006 Ferric ammonium
citrate, 10 agar) [18]. They were incubated under
continuous illumination at 28%1°C. Isolated
cyanobacterium was identified as Anabaena
oryzae on the basis of its morphological
characteristic under a light microscope (Leica
DM300) at 100x oil immersion lens and on the
taxonomical approaches according to
Desikachary [19], Prescott [20], Anagnostidis and
Komarek [21].

2.2 Culture Conditions

The isolate was cultured in 250 ml Erlenmeyer
flasks containing 100 ml of the liquid BG-11
medium under aerobic conditions, at 25°C and
illumination at 2500 lux with a white continuous
light and a regime of 14 h light 10 h dark. The
cultures were shaken every day to prevent algal
cell clumping and adherence of algal cells to the
containers. They have been harvested after two
weeks by centrifugation (Centurion Scientific LTD
Model 1020 series) at 1000 rpm for 10 min.

2.3 Preparation of Algal Extracts

One hundred mg of the dried alga was extracted
by 10 ml petroleum ether at (60-80)°C for 48 h
and filtrated; the precipitate was re-extracted by
an equal volume of dichloromethane for the
same period and the extraction process was
repeated with both ethyl acetate and methanol.
All filtrates were concentrated to dryness in a
rotary evaporator, re-dissolved in the minimum
amount of dimethyl sulfoxide (DMSO) to final
concentrations of 10% (W/V) and then sterilized
using a 0.45 um filter.

2.4 Test Microorganisms

The microorganisms used in this study were
Gram-positive bacteria (Bacillus cereus, ATCC
14579) and Gram-negative bacteria (Escherichia
coli, ATCC 13529, Klebsiella pneumonia, ATCC
13883). They were obtained from Microbial Type
Culture Collection (MTCC), Cairo, Egypt. The
bacterial strains were grown and maintained on
nutrient agar slants at 37°C.

2.5 Antibacterial Assays

The different cyanobacterial extracts were tested
at a concentration of (50,100,150) pg /ml against
both Gram positive and Gram-negative bacteria
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using agar well diffusion bioassay adopted by
Valgas et al. [22]. Nutrient agar, plates were
inoculated with 100 pl of a 24 h broth culture of
the test bacteria. Two wells (6 mm) were made
and filed with 100 upl extract. The
inoculated plates were incubated for 24 h at
37°C. The diameter of the inhibition zone
was measured with calipers and the results
were  recorded. All  experiments  were
conducted in triplicates. Minimum
inhibitory concentrations of active crude extracts

were determined by broth  microdilution
method as recommended by National
Committee for Clinical Laboratories

Standards. Streptomycin was used as positive
control [23].

2.6 Scanning Electron Microscopy

Scanning electron microscopy (SEM)
examination was performed in order to visualize
the morphological changes in the bacterial cells
after treatment with 0.2 ml of methanolic extracts
of A. oryzae. The bacterial cells were harvested
by centrifugation at 6000 rpm for 15 min at 4°C,
washed with phosphate buffered saline (PBS),
pH 7.4 and fixed with 2% glutaraldehyde followed
by 1% osmium tetroxide (OsO,). After completion
of fixation, the samples were washed with PBS
and dehydrated in ascending order of ethanol
concentrations. The fixed bacterial cells were
then dried completely and finally coated with thin
layer of gold. All bacterial samples were
examined under scanning electron microscope
(JSM 5300 SEM; JEOL, Japan) [24].

2.7 Chromatographic Methods for
Detection and Isolation of the
Antibacterial Substances Produced
by A. Oryzae

2.7.1 Thin layer chromatography

The components of crude extracts were detected
qualitatively on silica gel plates (Fluka, silica gel
60F-254 TLC aluminum sheet 20x20 cm). 20ul of
each sample (1mg/mL) was spotted manually
using the capillary tube on the plate. Different
mobile phases with varying concentrations were
employed in the screening programme (Table 1)
and the one in which good separation of
compounds was clear: benzene/acetone (90:10,
v/iv) was selected. All plates were
visualized directly after drying with the help of UV
at 365 nm in UV TLC viewer. The R; value of
the different spots was observed and
calculated.

Table 1. Running solvent system for Thin
layer chromatography development

Solvent mixture % (v/v)
Benzene: chloroform 50:50
Benzene: acetone 90:10
Chloroform: methanol 50:10
Chloroform: acetic acid 95:05
Ethyl acetate: chloroform 80:20
n-hexane: ethyl acetate 80:20
Methanol: ethyl acetate 50:50

2.7.2 Thin layer chromatography scanning

The developed plates were scanned using a TLC
scanner 3 with Wincats software under 254 nm
[25]. All plates were visualized directly after
drying and a fingerprint profile was photo
documented using a Camag Reporter — 3
under 365 nm in UV light. The digital images of
the chromatograms were evaluated with the
programme CAMAG Video Scan. The captured
image was subjected to a visual inspection on
the computer screen.

2.7.3 Thin layer __chromatography-direct
bioautography (TLC-DB)

One hundred pl of extract was spotted directly to
the TLC plate and developed with a
benzene/acetone (90:10, v/v). After separation,
the developed plate was dried for the
complete removal of the remaining solvents and
the fluorescent compounds were detected and
marked. Two hundred pl of each of the
bacterial suspension was prepared (as
mentioned above) and spread on the developed
TLC plate with a sterilized glass rod until just wet.
The plate inoculated with the target organism
was allowed to dry aseptically under laminar flow
for minimization of other airborne
microorganisms. After that, the TLC plate was
incubated for 12 h at 37°C, sprayed with a
tetrazolium  solution {2 mg/mL (2,3,5-
triphenyltetrazolium chloride (TTC)} supplied by
Aldrich Chemical Co., UK and incubated again
overnight in a sealed container for the color
development. Antibacterial compounds were
identified as clear inhibition zones (colorless)
against a pink colored background that
indicated bacterial growth. The
experiment was compared with duplicate
chromatogram developed under the same
conditions [26].
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2.7.4 Column chromatoqgraphy

After inhibitory zones are identified by a
bioassay, the corresponding region on a
duplicate TLC plate was repeatedly eluted from
the silica gel with acetone (analytical grade). The
samples were then centrifuged at 6000 rpm for
20 min to remove the silica gel. A glass column
(20x2 cm) packed with silica gel was used to
purify the obtained antibacterial material. The
supernatants were dried, re-dissolved in a small
volume of acetone (~5 ml), loaded on the column
chromatography and eluted with the solvent
mixture which consists of benzene: acetone:
methanol (90:10:5, v/v) at a flow rate of 1 ml/3
min. Twenty-five fractions were collected
and dried under reduced pressure and tested
for purity by using TLC. The purified fraction
was tested for its antimicrobial activity and

was lyophilized to isolate the active

compounds.

2.8 Characterization of Isolated
Compound

2.8.1 Infrared spectra

The isolated active compound obtained from
column chromatography was analyzed using the
Fourier transform infrared (FTIR) instrument
(Jasco, Model FTIR 4100, Japan) at Cairo Univ.
Micro Analytical Center, Giza, Egypt; in the
frequency range of 4000 up to 400 cm™ and the
results were compared against characteristic IR
absorptions reference.

2.8.2 Mass spectrometry

Mass spectrometry (MS) analysis for the active
compound was carried out using (JEOL JMS -
AX500); the scan range for the mass spectrum
was set at m/z zero to 800.

2.9 Statistical Analysis

The experimental results were expressed as
mean +SD of three replicates using
SPSS version 17.0 statistical software
(IBM Corporation). Comparison of means for in
vitro antibacterial evaluation was carried out
using  One-way analysis of variance
(ANOVA) and Duncan's multiple range tests. P
value <=0.05 was considered statistically
significant.

3. RESULTS AND DISCUSSION

3.1 Antibacterial Activity of Anabaena
oryzae Extracts

Results summarized in (Table 2) show the
antimicrobial activity of different crude extracts of
Anabaena oryzae against various Gram-positive
and Gram-negative bacterial species at
concentrations ranged from 50 to 150 pg ml™.
Antibacterial  activity was  observed in
dichloromethane, ethyl acetate and methanolic
extracts of A. oryzae against E. coli and K.
pneumoniae. We can conclude that the diameter
of the zone of inhibition was related to the type of
extract and the type of the tested bacteria. It was
also evident that the diameter of zone
inhibition increased with the increase in the
crude extract concentration regardless of
both the type of extract or the bacterial
species. Also as seen in (Table 2), all extracts
of A. oryzae had an effect on the Gram-negative
bacteria (E. coli & K. pneumonia) while it had
no effect on the Gram-positive bacteria (B.
cereus).

It was also noted the non-polar petroleum ether
extract had no inhibitory effect on all the tested
strains and by increasing the polarity the
inhibitory effect increased till reaching the highest
inhibitory effect on all the tested strains using the
methanolic extract. The experimental analysis of
antibacterial effects indicated that all tested
bacterial strains showed the highest sensitivity to
the methanolic extract of A. oryzae at a
concentration of (150 ug ml") with the highest
antibacterial activity against E. coli & K
pneumoniae (17.320.09 and 15.3+0.03) mm
inhibition zone respectively.

The antibacterial activity of the extract could be
attributed to the presence of different chemicals
such as phenolic, flavonoids and triterpenoids
that may have an effect on the growth and
metabolism of bacteria [27]. These results go in
harmony with those obtained of Kaushik et al.
who obtained the highest effective zone of
inhibition by using the methanolic extract of A.

variabilis against S. aureus, E. coli, P.
aeruginosa and Salmonella typhi [28]. On
contrast, Madhumathi et al. revealed that

acetone and ethanol were the best solvents for
extraction of antibacterial compounds from
Lyngbya martensiana and Oscillatoria latevirens
while the methanolic extract showed a moderate
activity [29].
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Table 2. Antibacterial activity of different crude extracts of A. oryzae against E. coli, K. pneumonia and B. cereus; Diameter of zone of inhibition
(mm), including the disc diameter of 6 mm; each disc carries 20 pl of extract (1-3 pg/disc)

Bacterial species Anabaena oryzae extracts prepared with different organic solvents
Pet. ether (ug mI") Dichloromethane (ug ml™) Ethyl acetate (ug ml”) Methanol (ug ml™)
50 100 150 50 100 150 50 100 150 50 100 150
E. coli * * * * 7.31£0.03 9.310.06 * * 08.6+0.03  08.3+0.03 14.3%0.19  17.3+0.09
K. pneumonia * * * 7.0£0.03 13.0£0.03 14.0+0.03 * 10.3+0.03 11.0£0.00 07.6+0.03 12.3+0.03  15.3+0.03
B. CeerS * * * * * * * * * * * *
*no activity

n= 3, value= mean *+ SE
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Table 3. Electron impact ionization data by
mass spectrometry of the isolated
antibacterial Compound

Fragment (m/z) Relative intensity (%)

54.17 21.32

55.15 100.00
56.15 27.01

57.16 82.28

60.11 46.14

67.14 33.09

69.16 39.14

331.30 0.29

443.38 0.14

3.2 Scanning Electron Microscopy

Examination (SEM)

According to (Fig. 1), the bacterial cells were
examined before and after treatment with a
methanolic extract of A. oryzae using scanning
electron microscopy to follow the morphological
changes of bacterial cultures. As seen in Fig. 1(A
and B) the E. coli and K. pneumoniae cells
treated with a methanolic extract of A. oryzae
(150 pg ml™) for 4 h at 37°C, demonstrated signs
of the irregular outer surface, uneven and curled
edges, and accumulated debris cells. All
observations were compared with the standard
morphological shape of untreated cells as a
control Fig. 1 (A1 and B1). No clear differences
could be marked between the untreated B,
cereus cells and B. cereus cells treated with the
methanolic extract of A. oryzae Fig. 1 (C and
C1). Hartmann et al. [30] used scanning
electron microscopy (SEM) to examine the
ultrastructural changes in Gram-negative strain
E. coli ATCC 25922 and Gram-positive strain
Staphylococcus aureus ATCC 25923, bacteria
induced by antimicrobial substances. SEM
revealed a shortening and swelling of the E. coli
cells, and multiple blisters and bubbles formed
on their surface.

3.3 Chromatographic Methods for
Detection and Isolation of the
Antibacterial Substances Produced
by A. oryzae

3.3.1 Thin layer chromatography

Methanol was the optimum solvent for the
extraction of the active antibacterial substances
from A. oryzae used in this experiment. Results
of TLC analysis using solvent mixture benzene:

acetone (9:1, v/v) revealed that the methanolic
extract of A. oryzae contained three different
components with the retention factor (R;) of 0.65,
0.78 and 0.86, respectively. (Fig. 2A). Scanning
of TLC chromatogram confirmed the results
obtained by TLC, and R values of all compounds
coincided with that of TLC (Fig. 3).

3.3.2 Thin layer chromatography-direct
bioautography (TLC-DB)

The antimicrobial compounds of cyanobacterial
extract were detected using Thin-layer
chromatography-direct  bioautography assay
(TLC-DB). Actively growing microorganisms have
the ability to reduce a tetrazolium solution (2,3,5-
triphenyl tetrazolium chloride) to red formazan
which is directly proportional to the viable active
cells [31]. In the presence of antimicrobial
compounds in the cyanobacterial extract applied
on the chromatograms, the growth of the
organism is inhibited resulting in the appearance
of clear inhibition zone (with no pink color) at the
position of R; 0.65 (band No. 1) against a pink
background on the chromatograms (Fig. 2B).

This bioassay has a couple of potential
applications. The size of the zone of inhibition
can be used as a rough estimate of the amount
of the inhibitory compound since the radius of the
inhibitory zone is proportional to the logarithm of
the amount of the compound causing the
inhibition [32]. Perhaps the most common use of
TLC plate bioassays is to narrow the range of
possible antimicrobial compounds in the
cyanobacterial extract.

3.3.3 Column chromatography

One fraction out of the 25 collected fractions
eluted from column (fraction no 11) were tested
for the antimicrobial activity using the agar well
diffusion method and were found to exhibit high
activity against K. pneumonia and E. coli. It was
concentrated under vacuum, spotted again on
TLC to check the purity and by lyophilization one
compounds was isolated (13.2 mg, greenish
crystals).

Isolated

3.4 Characterization of the

Compound

IR spectrum of the isolated compound was
represented in (Fig. 4). Absorption peaks
belonging to functional and or structural groups
were recorded. The IR spectra revealed a weak
band and a shoulder at 2852.2 and 2919.7 cm-1
which can be attributed to the stretching
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vibrations of the CH aliphatic group and aromatic
CH group. A broad band appeared at 3432.67
cm-1 represent the presence of stretching
vibration of a phenolic compound containing
hydrogen bonding. There was band due to the
stretching vibration of C=N group at 2362.36
cm-1. There were also two bands due to the
stretching vibration of the C=C group at 1631.48
cm-1 and the C-O group at 1030.77 cm-1
respectively. There was also another peak at
1380.78 cm™ related to isopropyl group. The
mass spectrum fragmentation pattern of the
compound under investigation was shown in
(Fig. 5). It revealed the presence of molecular ion
peak at m/z 443.38 of relative abundance
characteristic of the parent compound. The
fragmentation of the parent compound yield a
compound m/z 55.15. According to the obtained
data, the isolated compound was a phenolic
compound and its molecular weight is 443.38.
The presence of phenolic compound was
confirmed by Folin-Ciocalteu method [33].

Nearly the same results were obtained by El-
Sheekh et al. who indicated that the IR spectrum

of a chloroformic extract of cyanobacterium
Nostoc muscorum had absorption bands related
to yOH, yCH aromatic, y CH aliphatic, yC=N C= N,
yC= C, and C- O which was related to the
phenolic compound. [34]. The presence of
phenolic compound was also confirmed in our
previous study in methanolic extract of the
cyanobacteria Anabaena oryzae [35]. The results
obtained in this study also corroborate the results
obtained by Abd El-Aty et al. who found that the
methanolic extract of the cyanobacteria
Oscillatoria  agardhii had high antibacterial
activity due to the presence of phenolic
compounds [36]. Entesar, [37] had the same
finding by confirmation of the presence of high
percentage of phenolic compounds and
flavonoids in the methanolic extract of
cyanobacterium (Nostoc caeruleum, Spirulina
platensis, Cylindrospermum majus, Oscillatoria
forms) which had antibacterial activity on three
Gram-positive bacteria (Staphylococcus aureus,
Staphylococcus  epidermidis,  Streptococcus
pyogenes) and three Gram-negative bacteria
(Klebsiella pneumonia, Pseudomonas
aeruginosa and Escherichia coli).

Fig. 1(A-C). Scanning electron microscopy (SEM) of treated and un-treated E. coli with
methanolic extract of A. oryzae (A and A1), SEM of treated and un-treated K. pneumoniae
with methanolic extract of A. oryzae (B and B1), SEM of treated and un-treated B. cereus with
methanolic extract of A. oryzae (C and C1)
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Detected compounds
Antibacterial compound

Fig. 2. (A-B). (A) Normal plate developed in solvent mixture benzene: acetone (9:1, v/v)
showing the detected components under UV at 365 nm. (B) TLC-DB, developed in solvent
mixture benzene: acetone (9:1, v/v) and viewed under UV at 365 nm showing the compound
with the antibacterial activity

1]
D0

Fig. 3. Scanning of TLC chromatogram using CAMAG TLC Scanner 3
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Fig. 4. Infrared spectra of the isolated antibacterial compound produced by A. oryzae
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Fig. 5. Mass spectra of the isolated antibacterial compound produced by A. oryzae

10
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The characterization of the antimicrobial
compound as phenolic compound explains the
high antimicrobial activity of the methanolic
extract compared to the other extracts which
were due to the high solubility of phenolic
compounds in highly polar solvents [38].

This study can be potentially applied in the
isolation of active constituents in biological
extracts even at very low concentration and that
saves time and effort needed for fractionation of
biological extract.

4. CONCLUSION

The present study is an endeavor towards the
isolation of antibacterial compound from the
cyanobacteria Anabaena oryzae using both TLC-
DB and column chromatography. It was
concluded that cyanobacteria Anabaena oryzae
are a metabolically very diverse group which
makes them as a promising group of organisms
for research on medicines discovery. Thin layer
chromatography-direct bioautography (TLC-DB)
is very useful in isolating compounds with
antimicrobial activity because the R;of the active
compound can be used in bioassay guided
fractionation instead of requiring labor-intensive
determination of activity of fractions. This also
helps in ensuring that the compound isolated at
the end is the same compound that was present
in the extract and is not an artifact of the isolation
procedure. The characterization of the isolated

11

antimicrobial compound revealed that it was a
phenolic compound. More chemical analyses
and phytochemical studies must be carried out to
elucidate the complete structure of the isolated
antibacterial compound.
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