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ABSTRACT 

Harmful algal blooms have caused huge damage to the marine ecosystem and the coastal economy all over the 
world. To identify a capable bio-agent of controlling dinoflagellate blooms, a bacterial strain Gb03 was isolated, which 
showed strong algicidal activity against toxic dinoflagellate Cooliamalayensis. The aim of this study is to extract and 
identify the active compounds of algicidal bacteria. The algicidal bacterium, designated Loktanellasp. Gb03 (Gram-stain-
negative, non-motile, non-spore-forming, short rod-shaped, aerobic bacterium, was isolated from dinoflagellate culture in 
laboratory), was assumed to produce secondary metabolites1. The results of this study also suggested the algicidal activity of 
strain Gb03 occurred by production of algicidal compounds as extracellular. Subsequently, the algicidal substances from 
strain Gb03 culture were isolated and purified by Column chromatography and thin layer chromatography. Investigation of 
the algicidal compounds revealed that there were more than onealgicidal compounds produced by strain Gb03. These results 
indicated that strain Gb03 has great potential for use in the control of outbreaks of toxic dinoflagellate. 

Key words: Algicidal bacteria, Dinoflagellate, Loktanella, Cooliamalaynesis, Harmful algal blooms and Andalgicidal 
compounds.  

INTRODUCTION 

Harmful algal blooms (HABs) in recent years, have become a significant problem in coastal regions 
worldwide because of their production of toxin, sheer biomass and physical shape2-4. To manage and control 
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the adverse impact of harmful algal blooms, many strategies including chemical, physical and biological 
methods have been developed5. 

Although some of these strategies are not suitable for controlling HABs, for example physical 
methods can control HABs within a short period after application. Also Chemical methods as another 
example are easy to operate and can control the algal blooms, but they also can cause secondary pollution. 
However, biological methods such as algicidal bacteria play important roles to control HABs6,7. 

In recent years, many strains of algicidal bacteria isolated from natural ecosystem, such as Vibrio 
sp.,8 Actinomyces sp.,7 Flavobacterium sp.,9 Pseudoalteromonas sp.10 and Streptomycete sp.11 

However, all algicidal bacteria inhibit the growth of algae by attacking the cells either directly by 
cell-to-cell contact or indirectly by the release of algicdal substances12,13, such as antibiotics14, proteases15, 
bio-surfactants16,17, peptides18  and amino acids19. Algicidal bacteria bioactive compounds have been isolated 
and characterized around the world. The screening of algicidal compounds consideredas important tools to 
investigate new bioactive compounds, which consider as important fighter against harmful algae. 

In previous study1, we investigated the isolation and identification of an effective algicidal bacterium 
against C. malaynesis, the algicidal activity of the Loktanella sp. Gb03 bacterial strain against C. malaynesis, 
the algicidal range of the isolated strain against other toxic algae species, and now will study the chemical 
compounds extracted from the bacterial culture of strain Gb03 and the ability to inhibit the growth of C. 
malaynesis. 

EXPERIMENTAL 

Material and methods 

Culture condition of alga and algicidal bacteria 

Dinoflagellates Coolia Malaynesis, (kindly supplied by Professor Gires Usup, School of 
Environmental and Natural Resources Sciences, Faculty of Science and Technology, University Kebangsaan 
Malaysia,43600 (UKM) Bangi, Malaysia) was cultivated in ES-DK medium20 prepared with natural sea 
water21 under a light intensity of 140 μmol m-2s-1 and 12:12 hrs light: dark photoperiod. 

And Loktanellasp. Gb03 was isolated from dioflagellate culture (Gambierdiscus Belizeanus) in 
laboratory by serial dilution technique on nutrient agar. Strain Gb-03 was maintained on nutrient agar at 4°C 
for short-term preservation and as a glycerol suspension (20%, w/v in distilled water) at -80°C for long-term 
preservation22.  

Preparation of crude Extract from Loktanellasp. Gb03 and its activity on C. malayensis 

In this experiment, Culture of Gb03 strain in marine broth for 36 hrs at 30°C, were centrifuged at 
15000 xg for 15 min, and followed by filtering the supernatant through 0.2 µm Millipore membranes, we 
extracted from filtrated supernatant by using organic solvents Ethyl acetate at ratio of 1:1 (v:v). The 
supernatant was mix with solvent (overnight) in separation flask. The solvent was evaporated until minimum 
amount, and was drying for three days23. The dried extract was dissolved in DMSO for further study. From 
ethyl acetate extract, 10 µL was added into 1 mL of dinoflagellate C. malayensis culture in 24-well micro 
plates. The plate were incubated at the algae condition growth (light intensity of 140 μmol m-2s-1 and 12:12 
hrs light: dark photoperiod) for 24 hrs and the cells were observed under microscope by using counting 
chamber (Sedgwick-Rafter Cells (grid)). 
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Column chromatography 

The extract dissolved in ethyl acetate and subjected to column chromatography (commercial silica 
gel, Merck, 230-400 mesh; 1 × 50 cm). Separation depends on the color of the fraction. Each fraction of the 
effluent of column chromatography was collected and evaporated; after which, it was dissolved in 0.2 mL of 
DMSO. The algicidal effects of each fraction were evaluated based on the dinoflagellate assay by using            
24-well plate over mentioned. 

Thin layer chromatography 

Thin layer chromatography (TLC) was employed to analyze the compounds present in the fractions 
after column chromatography. The fractions were applied to a TLC plate about 1.3 cm from the edge 
(spotting line), using 20 µL capillary tubes (microcaps disposable pipettes, Drummond Scientific Company). 
All TLC separations were performed at room temperature, i.e. 18-23°C. After sample application 3 µL of 
fractions, the plates were placed vertically into a solvent vapor saturated TLC chamber. After the mobile 
phase (Ethyl Acetate) had moved about 80% from the spotting line, the plate was removed from the 
developing chamber and dried in a fume hood the plate was visualized at UV–254 nm, spots were circled 
and the plate was sprayed with 10% ethanolicphosphomolybdic acid reagent (purchased from Sigma 
Aldrich). The TLC plate was dried 5-10 min under a fume hood and heated at 100°C for 3-5 min under 
observation24. 

Activity of fractions on toxic dinoflagellate Coolia malaynesis 

Ten microliter from each fraction (1 mg/mL), was added into 1mL of dinoflagellate (Coolia 
Malaynesis) culture in 24-well micro plate. The plate were incubated at the algae condition growth (light 
intensity of 140 μmol m-2s-1 and 12:12 hr light:dark photoperiod) for 24 hr. Algicidal activity was 
determined using counting chamber (Sedgwick-Rafter Cells (grid)). DMSO were used as a control.  

RESULTS AND DISCUSSION  

Preparation of extract and its activity on toxic dinoflagellate C. malaynesis 

Out of almost 60 L of the cultured filtrated supernatant, we extracted around 2.9 g, used ethyl acetate 
as solvent. One gram of the dried extract was dissolved in 2.5 mL, around 10 µL of this dissolved extract 
showed 100% activity against C. malaynesis.  

Column chromatography 

A total of 48 fractions were collected from Column chromatography (Fig. 1). The TLC profile of the 
fractions collected showed some similar spots. Tubes of fractions were pooles based on TLC similarities. 
Five combined fractions were obtained (Gbf1 to Gbf5) and the mass of each fraction was recorded (Table 1).  

Table 1: Mass of fractions (Gbf1 to Gbf5) 

Fraction Mass (mg) 

Gbf1 490.4 

Gbf2 460.9 

Gbf3 420.7 

Gbf4 370.4 

Gbf5 220.5 
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Fig. 1: Fractionation by column chromatography 

Algicidal activity of column chromatography fractions 

Among the tested fractions (Gbf1- Gbf5), fraction Gbf1 showed highest activity against toxic 
dinoflagellate C.malaynesis after six hours incubation time. The results of all the five fractions were as 
follow: 100%, 30%, 60, 70%, 70% and 60%, respectively (Fig. 2). 

 
Fig. 2: Algicidal activity of column chromatography fractionson C.malaynesis, while using nutrient 

broth medium extract by ethyl acetate as a controland DMSO as a second control 

The search for algicidal activity from bacterial source has received much attention and efforts have 
been put in to identify compounds that can act as suitable algicidal agent against HABs to replace synthetic 
ones. Harmful algal blooms (HABs) have been a serious problem for public health and fisheries industries in 
recent years. Algicidal bacteria releasing compound which is called algicidal compounds, with less toxic and 
more solution to control the growth of harmful microorganism8,25,26. Algicidal compounds have significant 
efforts against human pathogens such as toxic algae. Many studies conducted with the bacteria extracts, 
screening algicidal activity and for investigate of new algicidal compounds. Based on previous studies on 
the algicidal compound and algicidal activity, the algicidal compounds can be alkaloids27, proteins28, 
peptides29, antibiotics30, amino acids19, pigments31 and biosurfactants17. In this investigation, Ethyl acetate 
extract of Loktanella sp. Gb-03, was evaluated for exploration of their algicidal activity against toxic 
dinoflagellates which regarded as harmful for human microorganisms. In this study the algicidal effects of 
bacterial (Loktanella sp. Gb-03) extract against C.malaynesis dinoflagellate were recorded. It was concluded 
that the algicidal effects of Loktanella sp. Gb03 has strong activity and power to kill dinoflagellate 
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C.malaynesis after 24 hrs incubation time. The characterization of the compounds is urgently needed. 
Harmful blooms frequently occurred around the world since its first recorded observation around 192332. 
These blooms have negative effects on the marine ecosystem, and that influenced human activities like 
fisheries and coastal tourism33,34. However, it is urgent to study the interactions between HABs and bacteria, 
and develop harmful microbial control methods. In this study, we extract compounds from Loktanellasp. 
Gb-03 by using Ethyl Acetate, the organic extracts using Ethyl acetate as solvent provided more powerful 
algicidal activity as compared to direct supernatant. 

CONCLUSION 

However, conclusion of the present investigation Loktanella sp. Gb-03 contain algicidal activity and 
multialgicidal compounds which can play an important role for controlling the Harmful Algae Blooms 
(HABs). Related to the results of Column chromatography and Activity of fractions on toxic dinoflagellate, 
we suggested all the fractions has ability to control Harmful Algae Blooms (HABs). 
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