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Polyunsaturated fatty acid-producing marine thraustochytrids: A potential source for antimicrobials
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Objective: To evaluate the antimicrobial activity of marine thraustochytrids extracted from
different solvents.

Methods: Crude extracts were derived from marine thraustochytrids, isolated from decaying
mangrove leaf litter. The extracts were tested for antibacterial activity by using agar disc
diffusion method against 10 clinical bacterial strains. The extracts were also analysed for
presence of functional chemical groups by using Fourier transform infrared spectroscopy.
Results: Thraustochytrid extracts exhibited potent antibacterial activity against both Gram-

Keywords:

M:ngrov 5 negative and -positive bacteria. The antibacterial activity was observed prominently in butanol
Leaf litter extract, followed by petroleum ether, methanol and chloroform extracts. The antibacterial
Thraustochytrids activity was maximum [(21.33 + 1.52) mm] against Staphylococcus aureus and minimum [(7.00

+ 2.00)] mm against Klebsiella pneumonia and Salmonella typhi.
Conclusions: Thraustochytrids isolated from decaying mangrove leaf litter are potential
sources of antibacterial compounds against clinical pathogens, which are called for further

Polyunsaturated fatty acid
Antibacterial activity

investigation of thraustochytrids as natural antibiotics.

1. Introduction

Today, infectious diseases are the major cause of death in
developing countries and they hold the second position after heart
diseases in the world. For instance, Staphylococcus aureus (S.
aureus) can cause a range of illnesses from minor skin infections
and sometimes it may cause life-threatening diseases such as
pneumoniae and meningitis. Moreover, the pathogenic bacteria
develops quick resistance to commercial antibiotics[1]1. The advent
of multiple resistant mechanism has limited the use of many major
classes of antimicrobial compounds. The demand for efficient
and non-toxic antibacterial therapeutics has been increasing with
the increased incidence of bacterial infections. There is a growing
interest in discovering new antimicrobial compounds with fewer
environmental and toxicological risks and no resistance developed
by the pathogens(2]. In this regard, fungi are targeted as one of the
most suitable resources for reducing or eliminating pathogens.
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Among marine fungi, those living in association with mangrove
sediment and detritus are a promising source of natural products and
antimicrobial substances(3.4]. However, thraustochytrids are rarely
attempted for their potential for antimicrobials[4-91.

Mangroves are one among the most productive detritus-
based ecosystem[10,11]. Fungi are extremely important in litter
decomposition of mangrove habitats[12-14]. Thraustochytrids species
are found abundantly in decomposing mangrove leaf litter{15,16]. The
fungi, including thraustochytrids produce many hydrolytic enzymes
and a variety of bioactive compounds to supply nutrients associated
with organisms during leaf litter decomposition[8,16-21]. In order
to compete with other microbes for survival and multiplication,
thraustochytrids are required to produce antimicrobial substances.
However, studies on antimicrobial activity of thraustochytrids are
scanty and hence, the present study was undertaken to evaluate the
antibacterial potential of thraustochytrids against clinical human
pathogens.

2. Materials and methods

2.1. Microorganisms and culture conditions

A pure strain of thraustochytrids isolated from decaying mangrove
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leaf litter in our laboratory was used for the present study(22]. This
strain was inoculated in a production medium containing 3 g
glucose, 1.25 g yeasts and 1.25 g peptone in one liter of 50%
seawater at pH 7.2 and incubated at 28 °C for 7-9 days. Then the
biomass was harvested for extraction of intracellular metabolites and
lyophilized.

2.2. Preparation of solvent extraction

The lyophilized thraustochytrid strain was extracted in chloroform,
methanol, n-butanol and petroleum ether, separately in the ratio of
2:1[23,24]. The extracts were obtained by grinding the sample in a
pestle and mortar and filtering through the Whatman No. 1 filter
paper. The filtrate was centrifuged at 3000 r/min for 10 min. The
supernatant was collected and stored (-4 °C) for further studies.

2.3. In vitro antibacterial activity of metabolites

Crude extracts were tested for antibacterial activities by agar disc
diffusion method[24,25]. The activity was tested against a total of
10 clinical bacterial strains: Escherichia coli (E. coli), Klebsiella
oxytoca (K. oxytoca), Klebsiella pneumonia (K. pneumonia),
Proteus mirabilis (P. mirabilis), Salmonella paratyphi (S. paratyphi),
Salmonella typhi (S. typhi), S. aureus, Streptococcus pyogens (S.
pyogens), Vibrio cholerae (V. cholerae) and Vibrio parahaemolyticus
(V. parahaemolyticus), obtained from Raja Muthiah Medical
College, Annamalai University. All the experiments were performed
in triplicate.

2.4. Fourier transfer infrared spectroscopy (FTIR) analysis

FTIR spectral analysis of crude butanol extract of thraustochytrid
was made, by mixing 10 mg of samples with 100 mg of dried
potassium bromide and compressed further to prepare a salt disc
(10 mm) for the spectrum reading at a range between 500 cm™ and
4000 cm™.

2.5. Statistical analysis

The results obtained from the experiment were expressed as mean
+ SD. One-way ANOVA was made using SPSS-16 version software
followed by Duncan’s multiple range test. P < 0.05 was considered
for describing the significant levels.

3. Results
3.1. Antibacterial activity

The strain of thaustochytrid (Figure 1) was extracted in four
organic solvents (chloroform, methanol, n-butanol, petroleum
ether). The crude extracts were tested against 10 clinical bacterial
pathogens. The results were summarized in Table 1. The maximum
activity (21.33 + 1.52) mm was recorded against S. aureus and the
minimum activity (7.00 + 2.00) mm was against K. pneumonia
and S. typhi. Most prominent antibacterial activity was recorded
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with n-butanol extract, followed by petroleum ether, methanol,

chloroform and distilled water extracts (Table 1).

Thraustochytrids
strain kk1

Figure 1. A strain of thraustochytrid used for experiment.

Table 1
Antibacterial activity of (indicated by inhibition zones) extracts of a
thraustochytrid strain against clinical pathogens. mm.

Clinical pathogens Zone of inhibition (mean + SD) Average
Chloroform Methanol ~ n-Butanol  Petroleum
ether
E. coli 9.33+2.51 13.66£2.51 9.00+2.00 14.00+1.73 11.49
K. oxytoca 933208 933+251 7.33+152 12.00+2.00 9.49
K. pneumonia 7.33+£1.52 7.00£2.00 8.66+2.08 11.66+0.57 8.66
P. mirabilis 8.66+2.08 9.00+2.00 9.66+1.52 13.66+1.52 10.24
S. paratyphi 10.00£1.00 8.00+1.73 9.33+2.51 12.66+1.52 9.99
S. typhi 8.00+1.73 7.00+2.00 13.33 +1.52 15.66+1.52 10.99
S. aureus 10.66 £2.08 11.66 £0.57 21.33 £1.52 12.33+1.15 13.99
S. pyogens 10.00+2.00 8.33+1.52 11.00+2.00 833152 941
V. cholerae 11.33+1.52 9.33+2.30 10.33+£2.08 11.00+2.00 10.49

V. parahaemolyticus  7.66 + 1.15 8.00 +1.73 10.66 = 0.57 10.66 + 1.52  9.24

3.2. Spectroscopic (FTIR) characteristics of the antimicrobial
agent

The results of FTIR spectroscopic analysis were shown in Figure
2 and Table 2. The peaks between 1650 and 1660 cm™ were
generally assigned to a-helical absorption[26,27]. One peak at
3419.79 cm™ and another one peak at 1649.14 cm™ indicated two
types of a-helices present in the sample. The relative intensities of
the amide I peaks revealed the secondary structure of the protein.
One peak at 1404.18 cm™ was associated with 5,(CH,) of proteins.
The peaks between 2700 and 3300 cm™ were generally assigned
to lipids. The peak at 2931.80 cm™ indicated C-H stretch present
in the sample. The peaks between 1020 and 1250 cm™ were
generally assigned to amide III: $-sheet/aliphatic amines. The peak
at 1242.16 cm™ indicated C-N stretch present in the sample. The
peak at 1058.92 cm™ was generally assigned to carbohydrate for the
presence of C-OH groups in the sample. The peak at 1105.21 cm’
indicated OH group of ribose rings of RNA present in the sample.
The peaks between 500 and 670 cm™ were generally assigned to
amide VII. The peak at 561.29 cm™ indicated the presence of C-Br
in the sample[28,29].
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Table 2
FTIR band assignments for functional groups found in the spectra of
thraustochytrid extract.

Functional groups ‘Wave number

value (cm™)
Amide I: C=0 stretch 3419.79
(C-H) from methylene (-CH,) groups of lipids 2931.80
(C-H) from methyl (-CH;) groups of lipids
Amide I: a-helix 1649.14
Amide II: perpendicular modes of the a-helix and antiparallel -sheet 1554.63
v,(COO) associated with 3,(CH;) of proteins 1404.18
Amide IIT: B-sheet 1242.16
v,(C-0) at the 20-OH group of ribose rings in RNA 1105.21
v,(PO,) of the phosphodiester backbone of nucleic acids (DNA and
RNA) and phospholipids
V,(R-O-P-O-R0) from ring vibrations of carbohydrates 1058.92
v,(C-0) coupled with 3(C-O) of C-OH groups of carbohydrate
Amide VII (C-Br) 561.29
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Figure 2. FTIR spectrum of thraustochytrid extract.
4. Discussion

In the present study, the crude extracts of a thraustochytrid strain
showed antibacterial activity against the two Gram-positive bacteria
(S. aureus and S. pyogens) and the eight Gram-negative bacteria (E.
coli, K. oxytoca, K. pneumonia, P. mirabilis, S. paratyphi, S. typhi,
V. cholerae and V. parahaemolyticus). The thraustochytrid extract
exhibited the highest antibacterial activity in terms of inhibition
zone (21.33 + 1.52) mm against S. aureus. This inhibitory activity
might be due to the destruction of bacterial cell wall and hydrolytic
enzymes, produced by thraustochytrids(16]. The antibacterial activity
can also be attributed to fatty acids such as linoleic acid, which are
proved to have antibacterial, antiviral, antitumor, antiinflammatory,
antiprolierative and antioxidant activities[(30-33].

Marine filamentous fungi are rich in biologically active
secondary metabolites with tremendous potential as a source of
new medicines even at low concentrations of their secondary
metabolites[34]. According to Cuomo et al., marine fungi have good
activity profiles when compared to terrestrial fungi, making them
a very promising source for the isolation of biologically active
secondary metabolites[35]. Jayanthi et al. reported the antimicrobial
activities of fungi with maximum inhibition to K. oxytoca and
V. cholerae, and with minimum inhibition to S. paratyphi and S.
aureus(36]. Joel and Bhimba have reported bioactive metabolites
from a fungus, Pestalotiopsis microspora VB5 isolated from the
leaves of Rhizophora mucronata and Avicennia officinalis from
Pichavaram mangrove forest in southeast coast of India. This
fungus shows antimicrobial activity against bacteria Bacillus
subtilis ATCC 6633, S. aureus ATCC 25923, E. coli ATCC 25922
and Pseudomonas aeruginosa ATCC 27853 by agar well diffusion
method[37]. The antimicrobial activity of mangrove endophytic
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fungi is well-documented(7,9.38-40]. The antimicrobial activity of
Bacillus species was found maximally against K. oxytoca and V.
cholerae, and minimally against S. paratyphi and S. aureus. Bhimba
et al. reported the antibacterial activity of marine-derived fungus
Phoma herbarum, isolated from mangrove leaves[41]. The isolated
fungi exhibited maximum activity in 100 pLL concentration against
Micrococcus luteus and V. cholerae. Phalate derivates from this
fungus showed promising potential of antibacterial activity[41]. In
the present study, the crude extract was analysed for functional
groups of chemicals present, by using FTIR spectra. This revealed
the presence of a typical amine group, methyl groups of protein,
C-H stretching vibrations of lipids, C-N group, OH group of ribose
rings and C-OH groups of carbohydrate. Similar results have been
reported by earlier workers[28,40,42].

In the present study, a wide spectral antibacterial activity was
recorded against the clinical pathogens. The maximum zone of
inhibition was conferred by the n-butanol followed by petroleum
ether, methanol and chloroform from the thraustochytrids
extract. However, distilled water used as a negative control had
no bacterial inhibition (data not shown). Further concentration
of the active principle in the extract showed either bacteriocidal
or bacteriostatic action against the bacteria, i.e. a low dose of
a bacteriostatic antibacterial agent may only inhibit bacterial
growth, while a high dose of a bactericidal antibacterial agent
will destroy the microbial cells[43]. Our results suggest that the
crude extracts of thraustochytrids can be considered as promising
antimicrobials in controlling clinical pathogens. In order to produce
the thraustochytrids extracts in large quantity and to render the
bioprocess feasibility and practically, we are now attempting to
isolate the active novel compounds from the crude extracts and
determine their chemical structures. Further studies will fulfill for
purification, structural elucidation and further evaluation in this
field of study. Finally, we conclude that thraustochytrids from the
mangrove biotope are potential sources of bioactive compounds and
should be investigated for natural antibiotics.

Conflict of interest statement
We declare that we have no conflict of interest.
Acknowledgments

The authors are grateful to the authorities of Annamalai University
for providing facilities and to University Grants Commission
(CPEPA-G4(1)/1011/2012) and Ministry of Environment and Forests,
Government of India for financial assistance.

References

[1] Service RF. Antibiotics that resist resistance. Science 1995; 270: 724-7.

[2] Chellaram C, Gnanambal KME, Edward JKP. Antibacterial activity of
the winged oyster Pteria chinensis (Pterioida: Pteridae). Indian J Mar
Sci 2004; 33(4): 369-72.

[3] Ravikumar S, Kathiresan K. Marine pharmacology: an overview. Tamil
Nadu: Alagappa University; 2010, p. 215.

[4] Kathiresan K, Sithranga Boopathy N, Sahu SK, Asmathunisha N,
Saravanakumar K, Musthafa SM, et al. Bioprospecting potential of
mangrove resources. Int J Curr Mol Res 2013; 1(1): 5-11.

[5] Balagurunathan R, Radhakrishnan M. Exploiting the less explored-
microbial endophytes. Adv Biotechnol 2007; 2: 20-3.

[6] Gomathi V. Studies on thraustochytrids of mangrove sediments for



Kaliyamoorthy Kalidasan et al./Journal of Coastal Life Medicine 2015; 3(11): 848-851 851

polyunsaturated fatty acids and nanoparticles synthesis [dissertation].
India: Annamai University; 2009.

[7] Sathish KS, Kokati VB. In-vitro antimicrobial activity of marine
actinobacteria against multidrug resistance Staphylococcus aureus.
Asian Pac J Trop Biomed 2012; 2: 787-92.

[8] Gomathi V, Saravanakumar K, Kathiresan K. Production of
polyunsaturated fatty acid (DHA) by mangrove-derived Aplanochytrium
sp. Afr J Microbiol Res 2013; 7(13): 1098-103.

[9] Naragani K, Munaganti RK, Mangamuri UK, Muvva V. Optimization of
culture conditions for enhanced antimicrobial activity of Rhodococcus
erythropolis VLK-12 isolated from south coast of Andhra Pradesh,
India. Br Microbiol Res J 2014; 4(1): 63-79.

[10] Kathiresan K, Bingham BL. Biology of mangroves and mangrove
ecosystems. Adv Mar Biol 2001; 40: 81-251.

[11] Kathiresan K, Qasim SZ. Biodiversity of mangrove ecosystems. New
Detlhi: Hindustan Publication Corporation; 2005, p. 251.

[12] Shearer CA, Descals E, Kohlmeyer B, Kohlmeyer J, Marvanova L,
Padgett D, et al. Fungal biodiversity in aquatic habitats. Biodivers
Conserv 2007; 16: 49-67.

[13] Sridhar KR. Mangrove fungi in India. Curr Sci 2004; 86: 1586-7.

[14] Ravikumar DR, Vittal BPR. Fungal diversity on decomposing biomass
of mangrove plant Rhizophora in Pichavaram estuary, east coast of
India. Indian J Mar Sci 1996; 25: 142-4.

[15] Raghukumar S, Sathe-Pathak V, Sharma S, Raghukumar C.
Thraustochytrid and fungal component of marine detritus. III. Field
studies on decomposition of leaves of the mangrove Rhizophora
apiculata. Aquat Microbiol Ecol 1995;9: 117-25.

[16] Kathiresan K, Saravanakumar K, Anburaj R, Gomathi V, Abirami G,
Sahu SK, et al. Microbial enzyme activity in decomposing leaves of
mangroves. Int J Adv Biotechnol Res 2011; 2(3): 382-9.

[17] Raghukumar S, Sharma S, Raghukumar C, Sathe-Pathak V,
Chandramohan D. Thraustochytrid and fungal component of marine
detritus. IV. Laboratory studies on decomposition of leaves of the
mangrove Rhizophora apiculata Blume. J Exp Mar Biol Ecol 1994;
183: 113-31.

[18] Pandey A, Bhathena Z. Prevalence of PUFA rich thraustochytrids sps.
along the coast of Mumbai for production of bio oil. J Food Nutr Res
2014; 2(12): 993-9.

[19] Lee Chang KJ, Nichols CM, Blackburn SI, Dunstan GA, Koutoulis
A, Nichols PD. Comparison of thraustochytrids Aurantiochytrium
Sp., Schizochytrium sp., Thraustochytrium sp., and Ulkenia
sp. for production of biodiesel, long-chain omega-3 oils, and
exopolysaccharide. Mar Biotechnol 2014; 16: 396-411.

[20] Manikan V, Kalil MS, Isa MHM, Hamid AA. Improved prediction for
medium optimization using factorial screening for docosahexaenoic
acid production by Schizochytrium sp. SW1. Am J Appl Sci 2014; 11(3):
462-74.

[21] Kaya K, Ikeda K, Kose R, Sakakura Y, Sano T. On the function of
pentadecanoic acid and docosahexaenoic acid during culturing of the
thraustochytrid, Aurantiochytrium sp. NB6-3. J Biochem Microbiol
Technol 2015; 3(1): 1-7.

[22] Anburaj R. Studies on marine cyanobacteria (chroococcales) isolated
from mangrove biotope for their possible utility [dissertation]. India:
Annamalai University; 2011, p. 240.

[23] Hussain SM, Ananthan G. Antimicrobial activity of the crude extracts
of compound ascidians, Didemnum candidum and Didemnum
psamathodes (Tunicate: Didemnidae) from Mandapam (south east coast
of India). Curr Res J Biol Sci 2009; 1(3): 168-71.

[24] Kalidasan K, Ravi V, Sahu SK, Maheshwaran ML, Kandasamy K.
Antimicrobial and anticoagulant activities of the spine of stingray
Himantura imbricate. J Coast Life Med 2014; 2(2): 89-93.

[25] Galeano E, Martinez A. Antimicrobial activity of marine sponges
from Urabd Gulf, Colombian Caribbean region. J Med Mycol 2007,
17: 21-4.

[26] Susi H, Byler DM. Resolution-enhanced Fourier transform infrared
spectroscopy of enzymes. Methods Enzymol 1986; 130: 290-311.

[27] Haris PI, Chapman D. The conformational analysis of peptides using
Fourier transform IR spectroscopy. Biopolymers 1995; 37: 251-63.

[28] Vongsvivut J, Heraud P, Gupta A, Puri M, McNaughton D, Barrow
CJ. FTIR microspectroscopy for rapid screening and monitoring
of polyunsaturated fatty acid production in commercially valuable
marine yeasts and protists. Analyst 2013; 138: 6016-31.

[29] Siva MU, Haq MAB, Selvam D, Babu GD, Bakyaraj R. Investigation
of stingray spines by Fourier transform infrared spectroscopy analysis
to recognize functional groups. J Coast Life Med 2013; 1(3): 169-74.

[30] Gerasimenko NI, Busarova NG, Moiseenko OP. Age-dependent
changes in the content of lipids, fatty acids, and pigments in brown
alga Costaria costata. Russ J Plant Physiol 2010; 57: 62-8.

[31] Goecke F, Herndndez V, Bittner M, Gonzélez M, Becerra J, Silva M.
Fatty acid composition of three species of Codium (Bryopsidales,
Chlorophyta) in Chile. Rev Biol Mar Oceanogr 2010; 45(2): 325-30.

[32] Zhang H, Zhang L, Peng LJ, Dong XW, Wu D, Wu VC, et al.
Quantitative structure-activity relationships of antimicrobial fatty
acids and derivatives against Staphylococcus aureus. J Zhejiang Univ
Sci B2012; 13: 83-93.

[33] El Baz FK, El-Baroty GS, El Baky HHA, El-Salam OIA, Ibrahim EA.
Structural characterization and biological activity of sulfolipids from
selected marine algae. Grasas y Aceites 2013; 64: 561-71.

[34] Swathi J, Narendra K, Sowjanya KM, Krishna Satya A. Biological
characterisation of secondary metabolites from marine fungi
Micrococcus sps. Int J Res Pharm Biomed Sci 2013; 4(3): 754-9.

[35] Cuomo V, Palomba I, Perretti A, Guerriero A, D’ Ambrosio M, Pietra
F. Antimicrobial activities from marine fungi. J Mar Biotechnol 1995;
2: 199-204.

[36] Jayanthi G, Kamalraj S, Karthikeyan K, Muthumary J. Antimicrobial
and antioxidant activity of the endophytic fungus Phomopsis sp.
GJIMO7 isolated from Mesua ferrea. Int J Curr Sci 2011; 1: 85-90.

[37] Joel EL, Bhimba BV. Fungi from mangrove plant: their antimicrobial
and anticancer potentials. Int J Pharm Pharm Sci 2012; 4: 139-42.

[38] Benita Mercy R, Kannabiran K. Identification of antibacterial
secondary metabolite from marine Streptomyces sp. VITBRK4 and its
activity against drug resistant Gram-positive bacteria. Int J Drug Dev
Res 2013; 5: 224-32.

[39] Haque MA, Sarker AK, Islam MS, Ul Islam MA. Antibacterial
potential of ethyl-acetate extracts of marine Streptomyces spp. AIAH-
10 against drug resistant Escherichia coli. Br Microbiol Res J 2015;
7(3): 143-50.

[40] Sujith P, Rohini B, Jayalakshmi S. Cellular fatty acid composition,
protein profile and antimicrobial activity of Bacillus sp., isolated from
fish gut. J Coast Life Med 2014; 2(1): 59-63.

[41] Bhimba BV, Pushpam AC, Arumugam P, Prakash S. Phthalate
derivatives from the marine fungi Phoma herbarum VBT7. Int J Biol
Pharm Res 2012; 3: 507-12.

[42] Atta HM, Radwan HG. Biochemical studies on the production of
sparsomycin antibiotic by Pseudomonas aeurginosa, AZ-SH-B8 using
plastic wastes as fermented substrate. J Saudi Chem Soc 2012; 16: 35-
44,

[43] Ramasamy P, Vino AB, Saravanan R, Subhapradha N, Shanmugam V,
Shanmugam A. Screening of antimicrobial potential of polysaccharide
from cuttlebone and methanolic extract from body tissue of Sepia
prashadi Winkworth, 1936. Asian Pac J Trop Biomed 2011; 1(Suppl
2): S244-8.



