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Abstract

Aim :

Methodology :

Results :

Interpretation :

Maintenance of high-density microalgal culture forms the basic feature of algal biofuel technology.
Algal biomass cultures explore few microalgal species over the other exposing these to grazers, pathogens
and predators. So there is an urgent need to explore technologies that will permit early detection and control
of these parasites. The present study reports a
predatory microbe which hampered

glamtr (Accession no. KX363808.1)
biomass productivity.

Growth conditions for alga
glamtr were optimized by

varying temperature (24-25 C; 27-28 C; 31-
32 C), pH (6.4-6.8; 6.8-7.2; 7.2-7.6), light
intensity (1900; 2400; 2700 lux) and CO
concentration (1-5%). Growth kinetics was
recorded at 750 nm. Algal biomass was
cultivated in RW 1-170P-photobioreactor
system and aquarium. The purity of culture was
assessed by microscopic examination at 45X.
Contaminating protozoan was identified using
universal primer (ITS-1 & ITS-4) based
amplification of 18S rRNA sequence and its
subsequent phylogenetic analysis using
MEGA7.

exhibited optimum growth at
27-28 C, pH 6.8-7.2, light intensity 2700 lux at
5% CO concent ra t ion . Mic roscop ic
examination revealed predatory nature of
contaminating protozoan. ITS-based PCR
amplification and subsequent phylogenetic
analysis revealed the protozoan to be

sp. Effective subculturing and
prevention of protozoan contamination was
found to enhance biomass production by 42%.

The study reveals that the
protozoan sp. is a potential
predator of microalgae. Prevention of amoebic
contaminant and maintenance of optimum
environmental conditions could enhance biomass productivity, facilitating algal cultivation.
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Introduction

Materials and Methods

Algal biomass productivity has been limited by grazers,
pathogens and predatory species (Day 2012; Carney and
Lane, 2014; Chiu ., 2016). Predatory microbes have been the
rate limiting factor in algal growth (Gong ., 2015). Biomass
productivity has been hampered by directly acting contaminants
affecting biomass through predation (Day 2012; Chiu .,
2016) or indirectly acting ones, influencing media composition
(Panova and Ivanova, 2002; Mendes and Vermelho, 2013). Algal
biomass cultivation in open pond or closed photobioreactor involves
the growth of selected species under high density making it
susceptible to predation (Gachon 2009; Day ., 2012).

Fungal, bacterial and amoebic species have been
identified since long as potential challenges for algal farming
(Mendes and Vermelho, 2013; Carney and Lane, 2014). Fungi
and fungal like organism (oomycetes, labyrinthulids) are well
known algal parasites (Carney and Lane, 2014). The impact of
fungal infection has been observed in open pond cultivation of

(Letcher 2013). Aphelids, a taxon closely
related to chytrids, are known intracellular parasites of algal cells
(Karpov 2013). Oomycetes also known as water moulds
have been identified to cause 10 to 60% loss in seaweed
productivity (Gachon 2009).

Bacterial contamination of algal cultures has been found to
be limited but can cause variations in media composition affecting
algal growth and biomass productivity (Gachon 2009;
Mendes and Vermelho, 2013). Amoebic predation over algal
species has been previously reported (Ho and Alexander, 1974;
Becares and Romo, 1994; Gong ., 2015). Filos (Nuclearia), a
lobose amoeba has been reported to feed on blue green algae
(Anabena, Nostoc, Osillatoria, Tolypothrix) by engulfing vegetative
cells, heterocyst and akinete stage (Becares and Romo, 1994).
Amoebic predation is not only limited to cyanobacteria (Ma .,
2017) but is also a threat to microalgal cultivation (Berney .,
2013).Adecrease in biomass cultivation by amoebic predation has
been demonstrated in the open raceway pond and photobioreactor
studies on sp. (Gong , 2015) Antimicrobial drug
resistance, ability to thrive under extreme environmental conditions
have evolved these protozoans as an emergent threat to
commercial algal biomass industry.

Keeping in view of the above, in the present study algal
biomass culture was investigated in both open and closed
photobioreactor for the presence of any predatory microorganism
hampering glamtr (Accession no. 363808.1)
growth and productivity.

The
algal strain glamtr was isolated from Ajhai
Kund, a local water body situated near the GLAUniversity at NH2,

et al.,
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et al

et al., et al

et al., et al
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Characterization and optimization of culture condition :

Mathura, India. The collected samples after serial dilution,
repeated subculturing and isolation of microalgal species were
inoculated over CHU-10, BG-11, Spirulina and BB media in 250
ml emersion flask. Experiments were performed by varying
incubation temperature (24-25°C; 27-28°C and 31-32°C),
incubation pH (6.4-6.8; 6.8-7.2 and 7.2-7.6) and light intensity
(1900 Lux, 2400 Lux and 2700 Lux) to determine optimum
conditions for microalgae cultivation.

The medium over which the algal colonies firstly
appeared was selected for further experiments.Acool fluorescent
light was used to illuminate the cultures at different light intensities
which were measured with the help of Lux meter. The
experiments, by default, were repeated three times, under
optimum conditions of temperature, pH and light intensity with 1-
5% CO supply (Pipes, 1962).

The selected microalga
was cultured under optimized growth condition within broth
cultures of 150 ml each (in triplet). Once the purity of culture
maintained was established, the primary inoculum was prepared
by incubating it for 7-8 days until 0.6 OD was recorded at 750 nm.
The primary inoculum was used in scaling up reaction to obtain
microalga biomass by cultivating it within the algorium (an
aquarium modified into an Open photobioreactor) and RW 1-
170P-photobioreactor system (closed photobioreactor) under
optimized conditions. Growth curve analysis was made by
determining the optical density (OD) of the microalgal culture at
regular time interval. Optical density was measured at 750 nm
through Lab India, UV spectrophotometer. The experiment was
repeated three times to minimize any error.

The purity
of the microalgal culture was investigated by repeated
microscopic examination under Mitzer bright field microscope at
45X and 100X magnification. Luria-Bertani media was used to
check the presence of any bacterial contamination. Random
sampling and repetitive microscopic examination were carried
out to identify if the protozoan contaminant was unique or was
present as a mixture of more than one form. Microscopic
examination was also carried out to gain an insight about the
contaminating amoebic strain if it was present in flagellated or
amoeboid form.

Predatory protozoan was identified through phylogenetic
analysis of the conserved 18S rRNA encoding sequence. The
18S rRNA sequence was amplified from the nuclear DNA with the
help of universal primers (ITS-1 and ITS-4). (Fig. 1) (Table1)
(Ristaino ., 1998). The use of ITS primers allowed
bidirectional amplification of conserved region.

Genomic DNA was isolated using Insta Gene TM Matrix
Genomic DNAisolation kit (Cat. No. 732-6030), Bio-Rad. Isolated
DNA was subjected to PCR amplification with initial denaturation

2

Growth kinetics of the algal species :

Microscopic examination of predatory protozoan :

Molecular identification of the predatory protozoan :

et al
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at 94°C for 2 min, annealing step at 55°C for 60sec and extension
step at 72°C. Removal of unincorporated nucleotides and primers
from the PCR product was achieved using Montage PCR clean-
up kit (Millipore) and analyzed through 0.8% agarose gel
electrophoresis. The PCR products were subsequently
sequenced using ABI PRISM Big Dye TM Terminator Cycle
Sequencing Kits with Ampli Taq DNA Polymerase (Applied
Biosystems). The experiment was repeated three times to
minimize the chances of non specific amplification of the target
DNAsequence by inappropriate binding of ITS primers.

The evolutionary history was inferred using the neighbor-
joining method (Saitou and Nei, 1987). The bootstrap consensus
tree inferred from 500 replicates was taken to represent the
evolutionary history of the taxa analyzed (Felsenstein, 1985).

Branches corresponding to partitions reproduced in less than 50%
bootstrap replicates were collapsed. The evolutionary distance
was computed using maximum composite likelihood method. The
analysis involved 12 nucleotide sequences. All positions
containing gaps and missing data were eliminated. A total of 254
positions were found in the final dataset. The evolutionary analysis
was conducted using MEGA 7 (Fig. 4). Growth analysis of culture
was further carried out by inoculating it under optimum growth
conditions preventing any protozoan contamination.

As the colonies of algae glamtr firstly
appeared over BB-media, therefore, it was selected for further
experiments. The optimum cultural condition determined were 27-

Chlorella vulgaris

Results and Discussion
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Primers Type Primer Sequence

ITS-1 Forward 5ˈ-TCCGTAGGTGAACCTGCGG-3ˈ
ITS-4 Reverse 5ˈ-TCCTCCGCCTTATTGATATCC-3ˈ

Table 1 : Primers employed during the PCR-based amplification of consensus 18S rRNAencoding sequence

Fig. 1 : Specific binding sites of universal primers (ITS-1 and ITS-4) used for the amplification of conserved 18S rRNA encoded sequence from the
genomic DNAof a predatory protozoan

Coverage

Fig. 2 : (A) Comparative analysis of the growth curves for glamtr in the presence and absence of sp. contaminant at optical
density of 750 nm; (B) Protozoan contaminant sp. (MF187528) feeding over the algal biomass
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Fig. 3 : Microscopic examination of algal culture contaminated with a protozoan. (A-C) Sequence of events depicting the predatory activity of protozoan
strain over the alga glamtr; (D-G) Motion of protozoan towards the green alga for feeding and finally away from it and (H-I) Presence of
microalgal cells within the predatory protozoan

Chlorella vulgaris

112

28°C; pH 6.8-7.2 and 2700 Lux light intensity was in accordance
with the previous studies (Imaizumi ., 2014; Blinova .,
2015). Experiments related to CO supply within the growth medium
revealed 5% CO promoted algal growth, but only when optimum
conditions were maintained (Han ., 2013; Scherholz and Curtis,
2013; Zhang ., 2016).As algal cultures achieved higher density,
CO becomes rate limiting so air supplemented with CO was found
to boost algal growth (Mahan ., 2005; Blinova ., 2015).
Addition of CO further boosted pH maintenance by establishing
carbonic acidandbicarbonate ionbalance.

et al et al

et al

et al

et al et al

2

2

2 2

2

Microalgae culture was cultivated under optimum growth
conditions with a pH regulated CO supply system, within RW 1-
170P-photobioreactore system and algorium using 10 ml of the
inoculum at 0.6 OD. The growth kinetics of algae was determined
by regularly monitoring OD of samples at 750 nm. Algal inoculum
displayed almost similar growth rates till 5 day of incubation,
beyond which a difference in growth rates was noted, which was
further enhanced during the terminal log phase of growth (11-15
day) (Fig 2.A). Microalgae growth rate was found to be profoundly
larger within the photobioreactor as compared to algorium.

2
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Fig. 4 : Phylogenetic maximum likelihood tree based on 18S rRNA encoding sequence depicting the relationship of isolated ALGAL PROTOZOAL
CONTAMINANT with reference strains from NCBI database. Species names are followed by their GenBank accession number. The number shown next
to each bifurcation is the bootstraps percent value based on 500 replications

To investigate the cause of such variations in growth rate
algal cells were harvested from both open (Algorium) and closed
photobioreactor system by centrifugation at 3800 x g for 20 min at
4 C. The supernatant was investigated for the presence of any
microbial contaminant. Fungal contamination was found to be
limited to solid culture media containing a carbon source as it is
essentially required for fungal growth. Properly sterilized broth
media displayed almost no fungal contaminants during
autotrophic growth which was in accordance with the study of
Mahan . (2005). Fungal contaminants were found to be a
challenge in the heterotrophic cultivation of sp., as the
process required a carbon source, being uneconomical was not
studied any further.

Microscopic examination of supernatant samples at
45X (Fig. 2) revealed that protozoan contaminant was found
to be associated with microalgal cultures from Algorium.
Almost no protozoan contaminant was found to be associated
with photobioreactor biomass. Sequential microscopic
examination and image analysis clearly revealed the
predatory nature of protozoan contaminant (Fig. 3. A-I). Some
of the captured images even displayed the presence of
microalgal cells within the protozoan parasite (Fig. 3. H-I).
Similar results have been obtained in the study of Ma (2017)
who found the predatory effect of Heterolobosean amoeba LPG3,
on unicellular Cyanobacteria strain, while Mendez and Uribe,
2012 have highlighted the feeding ability of sp.,

o

et al

Chlorella

et al.

Branchionis

Amoebic Arthrospira

et al Vahlkampfia Vannella

Vahlkampfia

et al

Vahlkampfia

Vahlkampfia

sp. on cyanobacteria sp which is in
accordance with the results obtained.

Microscopic examination of protozoan parasite predicted
its cylindrical structural with size varying from 20-40 μm.Although
no pseudopodia formation was observed, the amoebic predator
displayed a hemispherical bulge towards its front margin, which
was in accordance with the study of Smirov and Fenchel (1996)
and Robles . (2012) on sp. and sp.

Isolated DNA from protozoan contaminant was subjected
to ITS1 and ITS4 primers based PCR amplification, of 18S rRNA
encoding genes and its subsequent phylogenetic analysis using
MEGA7. Phylogenetic analysis revealed it to be closely related to

sp. (Accession no. MF187528) (Fig. 4) (Jonckheere,
2006). Although effective in nature PCR based assays have been
limited to laboratory scale bioreactor system and have not been
explored in open pond cultivation system for detection of
microalgae predators.

Predatory microorganisms, especially amoebic strains
have been reported since long to feed upon algal biomass
(Becares and Romo, 1994; Gong ., 2015).Amoebic strain was
characterized to be sp. on the basis of morphological
and molecular analysis. Almost no documentary literature is
available over the predatory activity of amoeba sp. It
belongs to the heterolobosa group of kingdom protista but unlike
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other amoebae, lacks a flagellated stage and resides
solely in an amoeboid form Robles ., 2012).

Classical algologists have suggested optimization of
cultural conditions to overpower the damage caused by grazing
predatory microbes (Richmond and Becker, 1986). The success
of this strategy depends on the extent of grazing. An active grazer
could deplete the entire algal biomass within two to three days
and decrease biomass productivity, so antiamoebic and
antiprotozoan agents (Sodium hypochlorite) have been used
since long (Mendez and Uribe, 2012). Ammonium hydroxide at a
concentration of 17 mg l has been employed for checking the
contaminant (Lincoln e 1983). Similarly,
urea, thiourea and ammonium bicarbonate at various
concentrations have been found useful in limiting contaminating

sp. (Duerr ., 1997; Ibrahim ., 2014). The use of
antiamoebic drugs could effectively eliminate protozoan
contaminant but would increase the cost of large scale algal
cultivation so have not been employed at large as has been
concluded in the study conducted by Mendez and Uribe (2012).
So, UV light illumination, minimum use of antiamoebic drugs
(tetracycline, puromycin and diiodohydroxyquin) at basal
concentration and careful sub culturing were used to obtain
uncontaminated cultivars of sp.

Sub culturing was performed under aseptic conditions,
and culture was inoculated within closed photobioreactor (RW 1-
170P-Photobioreactor) to determine the altered growth rate.
Cultivation within the closed photobioreactor was repeated three
times to establish growth curve in the absence of protozoan
contaminant. The biomass productivity was found to be enhanced
by 40-42% in the absence of any contaminating strain (1.42 OD
as compared to 1 OD at 15 day of inoculation) as compared to a
contaminated culture (Fig. 2A). This clearly illustrates the
deleterious effect of grazing predatory microbes over algal
biomass cultivation.

Optimization of the cultural condition and use of specific
antiamoebic, antimicrobial and antifungal agent could effectively
eliminate protozoan contaminants enhancing microalgal
productivity. Highest productivity could only be made possible if
algal cultures are effectively being protected from predatory
micro-organisms with the minimal use of antimicrobial agents.
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