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ABSTRACT  Microalgae, Scenedesmus acuminatus was batch-cultured in a photo-bioreactor to
facilitate better culture control and higher productivity, Each batch was cultured for 100 hours; final cell
density and specific growth rate were 5.0 x 107 cell / m1 and 0.028 hour!, respectively. The harvested
biomass produced 70.80 mg crude extract with antibacterial activities. Bioassay guided separation and
spectroscopy data revealed a mixture of fatty acid methyl esters (FAME) (C16:0, Cl6:1, C18:1n9c,
C18:2n6¢ and C20:0) as the active principal. Further antibacterial bioassay with commercially available
individual FAME revealed C18:1n9¢ methyl ester and C18:2n6c methyl ester, as the active compounds in
the mixture. The active methyl esters, C18:1n9¢ and C18:2n6c, inhibited 48% (MIC: 0.3 pgdisc™') and
100% (MIC: 0.3 and 1.0 pgdisc'l) of tested bacteria, respectively.

ABSTRAK Microalga, Scenedesmus acuminatus dikultur secara “batch culture” dalam foto-
bioreactor untuk memastikan kawalan pengkulturan dan produktiviti yang tinggi. Setiap “batch” dikultur
selama 100 jam dengan kepadatan akhir sel sebanyak 5.0 x 107 sel / ml dan kadar pertumbuhan setinggi
0.028 jam™. Biomass terkumpul menghasilkan 70.80 mg ekstrak mentah dengan aktiviti antimikrob yang
ketara. Pemencilan berasaskan bioesei and data spektroskopi telah memberikan identiti sebatian aktif
sebagai campuran metil ester asid lemak (FAME) (C16:0, C16:1, C18:1n9¢, C18:2n6¢c and C20:0).
Bioesei antibakteria dengan FAME komersial telah membuktikan metil ester C18:2n6éc and metil ester
C18:2n6¢c sebagai sebatian aktif dalam campuran FAME. Metil ester aktif, C18:1n9¢ dan C18:2néc,
menunjukkan perencatan terhadap 48% (MIC: 0.3 pgdisc™) dan 100% (MIC: 0.3 dan 1.0 pgdisc™)
bakteria.

{(Microalgae, Scenedesmus acuminatus, antibacterial activity, FAME)

INTRODUCTION 9]. In addition, some species has the potential to
. be a source of biologically active primary and
Freshwater microalgae of the genus Scenedesmus secondary metabolites [10].

is an important microorganism in aguaculture,

pharmaceuticals, food industry and
bioremediation. It is an ideal organism in any
biotechnological application due to its relatively
short life-cycle, high contents of natural chemical
and ability to use excess nutrients during
bioremediation {1, 2, 3, 4]. There are about 200
species of phytoplankton in this genus [5], and
known as ideal organisms in treatment of
wastewater and removal of pollutants from
waterways. Some of the biomass produced from
treatment of organic waste can be used as a cheap
source of protein and aquaculture feeds [6‘,' 7, 8,

Although numerous species of Scenedesnmis has
been used in various research applications, but
there are still some species whose potential as
producers of fine chemicals are not fully
investigated. One such species is Scenedesmus
acuminatus, commonly found growing in fresh
water ponds that are moderately undergoing
“eutrophication”. Most of the available data are
in relation to their taxonomy, culture parameters
and nutrient contents [11, 12, 13, 14], and almost
none on its fine chemicals [15]. With the advent
of high density microalgae culture using “photo
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bio-reactor” and commercialization of high
quality nutraceuticals, intensive culture of
bioactive producing microalgae could pave the
way to offset the increasing cost of production.
Hence, present investigation involves culture,
extraction, isolation and structure elucidation of
compounds with antibacterial properties from the
green microalga, Scenedesmus acuminatus.

MATERIALS AND METHODS

Microalgal Strain and Culture Media
Composition

A pure strain of Scenedesmus acuminatus
(UMS0132/02 was obtained from the School of
Science and Technology, Universiti Malaysia
Sabah microalgae stock collection. Culture and
maintenance of the strain was done using Bristol
medium (modified version of Bolds basal
medium) [16]. Modification of the medium
composition was done to obtain optimum culture

condition.

Culture Conditions and Biomass Production
Batch culture of S, acuminatus was carried out in
a 1L photo-bioreactor with aeration, and
temperature (25 - 26°C) regulated using a
circulating cooler (Protech Model 632D,
Malaysia), and lighting regulated (10 000 lux,
12:12h (L.D) [17, 18]. Aeration was provided by
bubbling the inoculated media with filtered plain
air, at a constant flow rate of 22.5 Lh, duly
monitored by flow meter (Aalborg). Each batch
of Bristol medium was inoculated with 1.0 x 10°
cells / ml and cell growth was quantified every 8
hours. Cell density was determined by removing
triplicates of 1.0 ml culture medium and
evaloated using a haemocytometer under
compound microscope at 40x magnification (Carl
Zeiss, Germany). Biomass was regularly
harvested before the stationary phase, at
approximately 72 hours after inoculation.
Collected cultures were centrifuged at 6000 rpm
for 20 minutes; resulting pellets were kept frozen
until extraction and chemical analysis.

Extraction and Chemical Analysis

Frozen pellets (5.547g w/w) were soaked in 200
ml of methano! for four days, filtered with 0.45
pm Whatman filter, evaporated, and dissolved in
diethyl ether and partitioned with distilled water.
The resulting diethyl ether solution was dried
over Na,S0, anhydrous and concentrated to yield
70.8mg of dark green crude extract. Isolation of
antibacterial bioactive constituents was carried

out based on the “Bioassay Guided Isolation”
protocol. Crude extract, approximately 50 mg
was spotted on 20 x 20 cm SiO, Gel Fasq
Preparative Thick Layer Chromatography,
developed in Hexane: Ethyl Acetate (3:1) and
visualized using UV light (254 nm} and molibdo-
phosphoric acid spray. Visualized compounds
were isolated, concentrated, and were farther
spotted on analytical SiO, Fzs4 TLC to confirm
their purity [19]. Pure compounds were further
tested for their antibacterial activity via AA-disc
antibacterial method; the resulting bioactive
isolate was subjected to 'H-NMR measurements
to predict the tentative identity of the compound.

Fatty Acid Methyl Ester Analysis

FAME mixture (4 mg) was diluted in 2 ml of GC
Grade (Merck) hexane prior to analysis. The
conditions for Gas Chromatography
measurements  were  as  follows:  Gas
Chromatography, Shimadzu 2010 with FID
detector; auto injector, AOC-20i (Shimadzu,
Kyoto, Japan), column, BPX70 (.25 mm id. x
60 m) (SGE, Australia); injection and detector
temperature, 260 °C; column temperature 140 °C
(4 min) — 4 °C/min (25 min) — 240 °C (30 min).
The injection volume was 1 pl, the injection
temperature 260 °C, split ratio 1:100, carrier gas
helium and the detector temperature was set at
260 °C. The column temperature regime was 140
°C for 4 min, followed by 4 °C/min. FAME peaks
were identified by comparison of their retention
times with those of a standard mixture (Spelco 37
mixture FAME) (Spelco, UK). Shimadzu Class
VP software (version 2.1) was used to integrate
peak areas.

Antibacterial Bioassay

Antibacterial bioassay was carried out using
seven types of marine environmental bacteria:
Clostridium cellobioparum {MBSP231),
Clostridium sordelli (MBSP232), Clostridium
novyi (MBSP233), Proteus mirabilis (MBSP234),
Proteus vulgaris (MBSP235), Vibrio
parahaemolyticus  (MBSP236), and Vibrio
cholerea (MBSP237). Marine bacterial strains
were isolated from  diseased  seaweed
surface/lesions from the coastal waters of Sabah.
Bacteria were isolated, purified, identified and
stocks made for bioassay experiments and other
applications at the Laboratory of Natural
Products Chemistry, Institute for Tropical
Biology and Conservation, Universiti Malaysia
Sabah. One loopful of each bacteria was taken
and inoculated into nutrient broth and incubated
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at 28 °C for about 24 hours, AA paper discs were
prepared by introducing 30 pl of test
extract/fraction and pure cormpound at 200 g/mL
(crude extract) and 30 pg/mL of pure compounds
into sterile 6mm Whatman AA disc, respectively,
Since the isolated natural bioactive compound
consisted of inseparable mixtures of FAME,
further bioassay to identify the active FAME was
carried out using commercially available pure
single C16:0, C16:1, C18:1n9%¢, C18:2n6¢ and
C20:0 (Sigma, Germany). Impregnated AA discs
were then placed on sterile nutrient agar petri
dishes that were lawn with the respective
bacterial suspension at a McFarland Index optical
density of 0.5. These plates were incubated at 28
°C for 48 hours and their inhibition zones
measured.

RESULTS AND DISCUSSION

Culture of S, acuminatus

Figure 1 shows the growth curve for S
acuminatus cultured in photo-bioreactor. Culture
duration of the each batch was less than 100
hours, the culture started to enter the stationary
phase after 70 hours. Final cell density and
specific growth rate were calculated to be 50.0 x
10° cell mi™" afd 0.028 hour”, respectively.
Close system photo-bioreactor was used as it
provided greater control of culture conditions to
facilitate higher productivity, higher quality and
contaminant free biomass. High quality biomass
is often needed for the isolation of valuable
chemicals like high-value bioactive and various
commercially important fatty acids [1, 20].
Multi-directional illumination created by vertical
fluorescent tubes surrounding the culture flask
supplied optimum light radiation [21]. The
constant aeration also created a well-mixed
culture to ensure constant and even photon flux
density throughout the culture duration,
Temperature was regulated between 25 - 26 °C as
the optimum temperature for the culturing of
Scenedesmus was in the range of 25 - 28 °C [17].

Other than temperature and light intensity,
medium selection is also an important aspect. In
this case, Bristol medium was chosen as it
provides essential nutrients in certain ratios that
ensure good growth with similar cell coenobia as
that occurring in nature [5]. Normal cell
morphology was observed in all the batch
cultures, cells were observed to form from four or
eight-celled coenobia and very seldom sixteen-
celled coenobia. The eight-celled coenobia were
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often observed during the exponential phase
while as the culture enters stationary phase most
cells are either single or in pairs. This is due to
the abundance of nutrients during the exponential
phase and this enables auto-coenobium
reproduction [22] while at the stationary or death
phases, most nutrients are used up and toxicity
levels are higher.

Each batch culture was harvested at the
exponential phase as in this phase the cells are
still active and healthy. The recovery of biomass
was done through centrifugation as it was
suitable for high-value products where the
biomass collected remain fully contained and
intact with minimum loss [23].

Isolation and Identification of Bioactive
Metabolites

A total of 5547 mg of wet biomass was collected
during the course investigation. Upon extraction,
concenfration and partition with diethyl ether and
water, 70.80 mg of greenish paste like crude
extract was obtained. Isolation of antibacterial
metabolites was done based on the “Biocassay
Guided Separation” methodology. First, stock
crude solution of 200 pg/ml. was prepared in
MeOH and each AA disc was impregnated with
30uL of stock. Each AA disc contains 6.0 pg
disc”. Crude extract exhibited potent inhibition
(> 25 mm) against all the test bacteria,
Clostridium cellobioparum, Clostridium sordelli,
Closiridium novyi, Proteus mirabilis, Proteus
vulgaris, Vibrio parahaemolyticus, and Vibrio
cholerea. Upon Preparative Thick Layer
Chromatography separation, seven isolates were
diluted to a concentration of 100 pg/mL solution;
discs of 3.0 pg disc”! were prepared and tested
against all the seven bacterial strains. Out of the
seven isolates only isolate 3 showed antibacterial
activities against the tested bacteria. Isolate 3
represented 12.5 mg (17.6 %) of the crude extract,
obtained from 5547 mg of wet micro-alga
biomass. Isolate 3 was dissolved in CDCl; and
subjected to '"H-NMR measurement. As shown
in Figure 2, presence of at least two well
separated friplet peaks attributing to terminal
methyl proton at § 0.98 and & 0.81 was observed.
Other prominent peaks were; 1) a singlet peak at
& 3.78, attributing to methoxy proton, and 2) a
multiplet peak at § 5.42 that could be assigned for
olefin protons. Furthermore, FTIR measurements
of isolate 3 revealed the presence of carbonyl
functional group at 1700 cm™ and the absence of
OH functionality.
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Based on these data, it could be deduced that
isolate 3 could be a mixture of fatty acid methyl
ester (FAME). Further analysis of isolate 3 was
carried out using Shimadzu GC 2010 under
conditions described earlier. Figure 3 shows the
Gas Chromatography  spectrum  obtained,
describing the presence of five peaks
corresponding to five species of FAME; C16:0
(18 %), C16:1(32 %), Cl&In%c (10 %),
C18:2n6¢ (18 %) and C20:0 (22 %). Since the
antibacterial activities of isolate 3 could have
been exhibited by anyone of the available
saturated and unsaturated FAME, commercially
available corresponding fatty acids were
purchased and tested. The purchased FAMEs

were first analyzed using GC under the same
condition to ensure their retention time
corresponds to the natural compounds, 24.0, 25.1,
29.2, 30.6 and 32.5s. This confirms the similarity
in the stereochemistry of natural and purchased
FAME. Individual FAMEs were then tested for
their antibacterial activities against the test
bacteria at the concentration of 0.9 pug disc™. As
shown in Table 1, only C18:1n9¢c and C18:2n6c
showed antibacterial activities at 43 % and 100 %
inhibition against the tested bacteria, respectively.
Their Minimum Inhibition Concentrations were
also comparable to natural metabolites that have
been reported from our studies [24].
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Figure 1.

Growth curve of S, acuminatus cultured in Bristo! media in a photobioreactor.
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Figure 2. 'H-NMR spectrum of the bioactive compound (Fatty Acid Methyl Ester (FAME)) mixture.
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Figure 3. Gas-Chromatography separation profile of 5 bicactive FAME types (Cl6:0, Clo:1,

C18:1n9¢, C18:2n6¢ and C20:0).
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Tablel. Antimicrobial bioassay activity of the related commercial FAME standards against s

aven strains of marine bacteria.

BACTERIA SPECIES ANTIBACTERIAL ACTIVITY MIC VALUE (pg/DISC)
C16:0 Cl6:1 C18:1n%¢ C18:2n6¢ C20:0 Ci6:0 C16:1 C18:1n9¢ C18:2n6c C20:0

Clostridium cellobioparum - - + =+ - - - 0.20 0.10 -
Clostridium sordelli - - - + - - - - 0.30 -
Clostridium novyi - - - + - - - - 0.30 -
Proteus mirabilis - - + ++ - - - 0.30 0.30 -
Proteus vulgaris - - ++ +++ - - - 0.20 0.10 -
Vibrio parahaemolyticus - - - + - - - - 0.30 -
Vibrio cholerae - - - +H+ - - - - 0.10 -

Inhibition Zone: -+ ++:> 25 mm, ¥ ++: 19-24 mm, + +:

12-18 mm, +: 7-11 mm, -: No Inhibition

70
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is not uncommon to find that primary
ietabolites such as fatty acids or derivatives of
ity acids (in this case FAME) possess bioactive
ofentials against bacteria [25]. This approach
~uld be a very simple and practical mechanism
y protect themselves against infection or injuries.
atty acids and FAMEs could be taken in through
bsorption or produced within the cell via
setabolism. But, it is close to impossible to
esign an experiment to show this process
ctually taking place in nature. Therefore, it is
uggested that FAMEs such as Cl18:1n9 and
*18:2n6c could have a role in microalgal defense
rechanism. Usually the FAMEs and fatty acids
re not free chemicals but rather attached to

licolipids such as MGDGs
Monogalactopyranosyl diacylglycerols), MGMG
Monogalactopyranosyl monoacylglycerols)
ndfor DGDG (Digalactopyranosy!

liacylglycerols) [26]. They are the constituents
f microalgal cell walls and can be regarded as
he first line of defense for these organisms.

In the other hand, these bioactive FAMEs could
ilso be utilized as nutraceutical supplements as
\n addition to the present range of microalgae-
ferived nutraceuticals. There was one reported
-esearch conducted in 1975 where crude extract
sf Scenedesmus oliguus was observed to exhibit
sotential pharmaceutical properties, which was
atiributed to the existence of carotene, vitamin B
and chlorophyll [10].

CONCLUSION

Scenedesmus acuminatus was successfully mass-
cultured in a temperature-controlled photo-
bioreactor. Total culture duration per batch run
was less than 70 hours with the specific growth
rate of 0.028 hour”. The bioactive isolate 3 (17.6
%) was identified as a mixture of saturated and
unsaturated FAME (C16:0, Cl16:1, C18:1n9,
C18:2n6¢ and C20:0). Based on the antibacterial
results of commercial available corresponding
fatty acids, it was proven that the antibacterial
activity of isolate 3 was due to C18:In9c and
C18:2n6¢ methyl ester, These findings suggest
that FAMEs and fatty acids could have a role in
the microalgal defense mechanism. Other than
that, these bioactive FAMEs may have potential
to be utilized for nutraceutical purposes.
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