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— ABSTRACT

Morphological characteristics, phylogenetic analysis, and antioxidant activity of a marine unarmored
dinoflagellate Karlodinium ballantinum were examined using a culture established from Subic Bay, Zambales
in November 2022. Detailed examinations were based on light microscopy and molecular phylogeny inferred
from internal transcribed spacer (ITS) and LSU rDNA sequences. Cells of K. ballantinum were small and
ellipsoid, possessing a straight ASC, large central nucleus, accumulation bodies, and unequally distributed
chloroplasts with internal pyrenoids. Cell size ranged from 7.2-13.7 pym in length and 5.4-9.0 pm in width.
Phylogenetic analyses suggested that K. ballantinum has a close affinity to K. gentienii and K. zhouanum.
Upscaling the culture into 20 L, the final cell density of the culture reached approximately 177.5x10° cells/
mL, which produced 0.1 g of algal biomass. The antioxidant activity of K. ballantinum, as screened using the
DPPH assay, showed a 23.39% antioxidative property. This result displayed the potential of K. ballantinum to
be beneficial microalgae despite being known as a causative agent of HABs. The present study is the first record
of K. ballantinum in Subic Bay, Zambales, and serves as the first report of the antioxidant activity of a species

under the genus Karlodinium.
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1. INTRODUCTION

r I Yhe small naked dinoflagellate Karlodinium is
a well-known genus in the family Kareniaceae
with reports of occurrence in several coastal

and oceanic waters worldwide (Bachvaroff et al., 2009;

Benico et al., 2020; Bergholtz et al., 2006; de Salas et al.,

2005, 2008; Escobar-Morales & Hernandez-Becerril,

2015; Fabro & Almandoz, 2021; Garcés et al., 2006;

Luo et al., 2018; Nézan et al., 2014; Siano et al., 2009;

Yang et al., 2000). Among species of Karlodinium, K.

veneficum, K. australe, K. digitatum, and K. decipiens

were reported to form devastating algal blooms that
resulted in major fishery damages in countries such

as Japan, the USA, and Malaysia (Garcés et al., 2006;

Lim et al.,, 2014; Place et al.,, 2012; Sakamoto et al,,

2021; Yniguez et al., 2021). Because of its notoriety

for forming harmful red tides, regional reports of

Karlodinium species with species identification are
important in understanding their distribution and
species composition focusing on distinguishing
harmful and non-harmful species.

Karlodinium is an unarmored dinoflagellate
having a straight apical structure complex, a ventral
pore, and chloroplasts containing internal lenticular
pyrenoids and fucoxanthin or fucoxanthin derivatives
as main accessory pigments (Benico et al, 2020;
Daugbjerg et al., 2000). Characters such as the shape
and location of the nucleus, cell shape and size, and the
presence or absence of the ventral pore are critically
observed to morphologically distinguish species
of Karlodinium. With 16 currently taxonomically
accepted species, this genus has the greatest number
of species in the family Kareniaceae, with K. azanzae
and K. elegans as the most recent additions (Benico et
al. 2020; Cen et al. 2021).
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Despite being known as a harmful
species, many dinoflagellates were investigated
for their potential industrial, pharmaceutical,

and biotechnological applications. For example,
Alexandrium catenella, which is a toxic dinoflagellate
that is known for causing paralytic shellfish poisoning
(PSP), has been reported to produce alexandrolide.
These allelopathic molecules produced by A. catenella
possess selective properties of growth inhibition
against species of diatoms (Satake et al., 2019).
Moreover, it can be used as an agricultural additive
for developing biological pesticides in controlling
aphids, scale insects, thrips, tetranychids, etc. such as
cotton bollworms, bridging worms, beet armyworms,
and other pests with chewing mouthparts (Casanova
et al,, 2023). Furthermore, Lingulodinium polyedra,
a harmful dinoflagellate known for producing
yessotoxins which can cause symptoms similar to
those exhibited by PSP toxins, has been reported
to generate valuable secondary metabolites against
Vibrio vulnificus and Staphylococcus aureus, making it
an excellent source of biologically active compounds
for pharmaceutical applications ((Quijano-Scheggia et
al,, 2016).

Because Karlodinium species possess a
rich pool of fucoxanthin as its primary carotenoid,
they can also be harnessed as one of the important
bioresources (Benico et al., 2020). Over the years,
fucoxanthin has been recognized for its outstanding
potential and significant benefits to human health.
It has been shown to possess a range of important
biological properties, including antioxidant properties
(Kim & Pangestuti, 2011). In fact, the free radical
scavenging activity of fucoxanthin is more remarkable
than P-carotene, PB-cryptoxanthin, lycopene, lutein,
and zeaxanthin (Nomura et al., 1997) (Foo et al.,
2020). To date, the majority of fucoxanthin used
in industrial manufacturing comes from seaweeds.
However, several studies have proven that selected
marine microalgae species can also be a promising
source of fucoxanthin that can be harnessed for
industrial applications. For example, a species of
marine microalgae, Phaeodactylum tricornutum, was
reported to be a viable source of fucoxanthin due to
its high volumetric productivity under specific growth
conditions (Pereira et al., 2021).

In the present study, the species identity of
the cultured Karlodinium was characterized using
morpho-molecular analyses. The antioxidant activity
of a species of Karlodinium isolated from Subic Bay,
Zambales, was determined using a DPPH assay.

2. MATERIALS AND METHODS
2.1 Culture and observation

Water samples were collected using a 5 pm
and 20 pm plankton nets at two sampling locations
on the coast of Subic Bay, Zambales (14°8'60.25"
N, 120°28'18.91" E; 14°87'54.52" N, 120°23'21.25"
E) in Nov. 2022 (Figure 1). A culture of unarmored
dinoflagellate K. ballantinum (strain GBSUB96) was
successfully isolated from the seawater collected
at Site 2, located at Subic Bay Fish Port. Sea surface
temperature and salinity were recorded at 30.5°C and
30 ppt, respectively. A single cell of K. ballantinum
was isolated using a capillary Pasteur pipette under an
Olympus CKX31 (Olympus, Tokyo, Japan) inverted
light microscope and was cultivated in sterile filtered
seawater with a salinity of 30 ppt and enriched with
a half-strength IMK medium (Wako, Tokyo, Japan).
Cultures were subcultured every two weeks in the
Algal Diversity and Bioresources Laboratory of the
Central Luzon State University (CLSU-ADB), Science
City of Mufoz, Nueva Ecija, with a room temperature
of 23 + 2°C and photoperiodic condition of light: dark
cycle = 12:12 h under 30 pE m™ s™' light illumination

119°48'0.000"E 120°18'0.000"E

N.000°0,ZboST

West
Philippine 3
Sea X

+ +

Zambales

14“42’9,000"N
t
NA000°0,ZbobT

1:500,000

0 10 20 30 km
| I S

t t
119°48'0.000"E 120°18'0.000"E

Figure 1. Sampling sites. Site 1 (blue dot) is located at Subic Bay
Freeport Zone; Site 2 (green dot) is located at Subic Bay Fish Port.
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in preparation for morphological observation and
molecular analyses. The GBSUB96 strain was also
routinely upscaled to a final volume of 20 L in sterile
glass bottles for the antioxidant test.

External cellular morphology of the
laboratory-established culture of K. ballantinum was
observed using an Olympus BX60 (Olympus, Tokyo,
Japan), a compound microscope with DIC optics,
and fluorescence applications. Micrographs were
documented using Canon EOS M200 (Canon, Tokyo,
Japan) mirrorless digital camera and cell size was
measured from at least 30 living cells. For fluorescence
microscopy, cells were stained with 4’6-diamidino-
2-phenylindole (DAPI) and observed under UV
excitation.

2.2 Molecular analyses

Genomic DNAs from the exponentially
growing culture of K. ballantinum that have been in
culture for two weeks were extracted using a Qiagen
DNEasy Plant Mini-Kit following the manufacturer’s
protocol (Valencia, CA, USA).

PCR amplification was performed to amplify
nuclear-encoded rDNA ITS1-5.8S-ITS2 region and
LSU rDNA region (D1-D5) using oligonucleotide
primer pairs SR10 and 9R (Takahashi et al., 2014).
Ex Taq was utilized as the DNA polymerase to run
the PCRs. For each Ex Taq-polymerase, the final
volume of the PCR mix was 10 uL - comprising
of 6.15 L of sterile distilled water, 1 uL of 10x Taq
DNA polymerase buffer, 0.8 puL of deoxynucleotide
triphosphates (ANTPs) mixture, 0.5 pL each of forward
and reverse primer (5 pmol uL'), 0.05 pL of Taqg DNA
polymerase solution, and 1 pL of DNA template.
Several thermal conditions for PCR were applied, and
the most successful condition was as follows: an initial
denaturation takes place at a temperature of 94°C for
1 min; followed by 40 cycles of 3 steps, 94°C for 20
s, 54°C for 30 s, and 72°C for 2 min and 30 s, with
a final extension step of 72°C for 7 min. The cycling
sequencing was carried out using GeneAmp PCR
System 9700. The PCR products were subjected to gel
electrophoresis for 25 min at 80 V on 1.5% agarose
gel comprising 1 puL of SYBR Safe DNA gel stain per
10 mL of agarose gel. This was visualized using a gel
imaging device.

The PCR product was purified using a Qiagen
QIAquick Gel Purification Kit (Bothell, Washington,
United States) following the manufacturer’s protocol.
The purified amplicon was outsourced to Eurofins
Genomics, Tokyo, Japan, for DNA sequencing.

2.3 Phylogenetic analysis

The generated sequence was assembled into
contigs using the Staden package software —-Gap4 and
Pregap (Staden et al., 2000). Homologous sequences
of related species were acquired from GenBank to
establish a phylogenetic tree. Contigs were imported
and aligned with other kareniacean sequences using
Clustal X v2.1 and were manually refined and adjusted
with the help of BioEdit Sequence Alignment Editor
v7.2.5 (Benico & Azanza, 2022; Takahashi et al., 2019).
For the outgroup, three Gyrodinium species were used
for analyses. MEGA v.7 was utilized to determine the
most appropriate substitution model and carry out the
Maximum-Likelihood (ML) and Neighbor-Joining
analysis with 500 and 1000 bootstraps, respectively
(Tamura et al., 2013)The best-fitting substitution and
rate heterogeneity model of Tamura-Nei (TN93) was
selected for maximum likelihood (ML) and neighbor-
joining (NJ) analysis with a gamma distribution (G =
0.35) and the proportion of invariable sites (I = 0.17)
for LSU and a gamma distribution (G = 0.40) for
ITS.

2.4 DPPH radical scavenging assay

Cell harvest was performed using a sterile
filter set with 3 um membrane filter paper (diameter
= 142 mm). Algal biomass was promptly filtered from
the seawater with the help of a rotary vane vacuum
pump. The final cell densities of the extracted cells
were quantified using a Sedgewick-rafter counting
chamber. Algal biomass of K. ballantinum was sent to
Saint Mary’s University — Center for Natural Sciences,
located at Bayombong, Nueva Vizcaya, for methanolic
crude extraction and DPPH radical scavenging assay.

The procedure for extracting crude material
was adapted from the procedure described by
(Arguelles et al, 2017) with minor modifications.
Overnight, methanol was mixed with the algal
biomass (20 mL of methanol: 1 g of algal biomass).
The extract was filtered by means of a glass funnel and
Whatman No. 1 filter paper. The resultant extract was
concentrated to dryness in a rotary evaporator under
decreased pressure (at 40°C) until a crude extract was
obtained. The methanol extracts were stored at 4°C.

For the DPPH radical scavenging assay, the
concentrated extract was utilized to generate a stock
solution, and an aliquot was taken to prepare a 1000
ppm dilution, as well as a 1000 ppm dilution of catechin
to serve as a control (1 mg/mL). In a separate plastic
cuvette, 1 mL of the prepared stock solution was mixed
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with 4 mL of the 0.1 mM DPPH solution. There were
three separate reactions carried out. After preparation,
the mixtures were left to incubate in the dark at 37°C
for 30 min. Utilizing a UV VIS spectrophotometer
(Biobase BK-UV1000, China), absorbance values were
recorded at 517 nm. The reaction mixture's ability to
scavenge free radicals was measured by its decrease
in absorbance. The following formula was used to
determine DPPH radical scavenging capacity:
Radical Scavenging Effect (%) = [A control - A
sample) / A control] x 100
The absorbance of the DPPH without the test sample
is denoted by A control, while the absorbance of the
DPPH, including the test sample (sample), is denoted
by A sample.

3. RESULTS
3.1 Morphology

Cells of laboratory established culture of K.
ballantinum from Subic Bay, measuring 7.2-13.7 um
long (mean 11.2 * 1.3, n = 30) and 5.4-9.0 um wide
(mean 7.4 £ 1.0, n = 30), were ellipsoid and smaller in
size when compared to original K. ballantinum (Figure
2). The shape of the apical structure complex (ASC)
was straight and extended briefly through the dorsal
surface of the episode (Figure 2, A and B). The ventral
pore was not observed in the cultured cells, but each

cell showed 5-10 chloroplasts distributed unequally
in the hypocone and epicone together with the
accumulation bodies (Figure 2, C and D). The nucleus
of K. ballantinum located centrally, was observed to
be large, occupying much of the cure 2ell (Figure 2,
E-G). The chloroplasts were highly pigmented with
individual internal pyrenoids (Figure 2, D and H).

3.2 Molecular phylogeny

Phylogenetic trees based on LSU rDNA
region and ITS region were constructed by ML and
NJ. The aligned matrix of LSU rDNA nucleotide
sequences of kareniacean species consisted of 79 taxa
and yielded 969 bps, including gaps, of which 597 sites
(61.6%) were constant, 363 sites (37.5%) were variable,
and 288 sites (29.7%) were parsimony informative. Its
average base compositions were A = 0.193, C = 0.254,
G = 0.248, and T = 0.305. The aligned matrix of ITS
region nucleotide sequences of kareniacean species
consisted of 51 taxa and yielded 478 bps, including
gaps, of which 184 sites (39.3%) were constant, 292
sites (61.1%) were variable, and 272 sites (56.9%) were
parsimony informative. Its average base compositions
were A = 0.220, C = 0.221, G = 0.254, and T = 0.305.
The ML trees inferred from LSU and ITS rDNA are
shown in Figures 3 and 4, respectively. Bootstrap
support values derived from ML and NJ analyses were
provided in each node.

Figure 2. LM and fluorescence microscopy of Karlodinium ballantinum. Scale bar = 10 pm. (A) Surface focus from the
ventral view showing the general shape of the cell and the straight apical structure complex (ASC). (B) Surface focus
showing the ASC that extends briefly through the dorsal surface of the epicone. (C, D) Deeper focus showing the
accumulation bodies (Ac) and highly pigmented chloroplasts (Chl). (E) Deeper focus from the ventral view showing
the large nucleus at the center. (F, G, H) Deeper view of epifluorescence micrograph of the cell stained by DAPI
(4',6-diamidino-2-phenylindole), showing the location and shape of the nucleus (Nu) and the chloroplasts (Chl).
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In the ML tree inferred ITS
Karlodinium species were separated also into three
subclades (Figure 4). Clade 1 was composed of
K. ballantinum, K. gentienii, K. zhouanum, and K.
veneficum (ML/NJ BS values = 93/94%). Clade 2
consisted of K. digitatum, K. armiger, K. azanzae, and
K. australe (ML/NJ BS values = 98/100%). However,
unlike in the ML tree inferred from the LSU region,
Clades 1 and 2 in the ML tree inferred from the ITS
region formed a poor clade (ML/NJ BS values =
66/59%). Clade 3 was composed of K. decipiens (ML/
NJ BS values = 99/99%) and was closely related to the
Takayama clade with high support (ML/N] BS values
=97/88%).

In the ML tree inferred from LSU rDNA,
Karlodinium species were separated into three major
subclades (Figure 3). Clade 1 was composed of K.
ballantinum, K. gentienii, K. zhouanum, Karlodinium
sp., K. corrugatum, K. elegans, K. conicum, K.
micrum, and K. veneficumm (ML/NJ Bootstrap values
= 78/87%). Clade 2 consisted of K. digitatum, K.
armiger, K. azanzae, and K. australe (ML/N] BS values
= 100/99%). Clades 1 and 2 formed a robust clade
(ML/NJ BS values = 91/93%). Clade 3 was composed
of K. decipiens (ML/N] BS values = 100/99%) and
was closely related to the Takayama clade (ML/NJ
BS values = 100/98%) with high support (ML/NJ BS
values = 98/70%).
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Figure 3. Maximum likelihood (ML) phylogeny of Kareniaceae inferred from LSU rDNA (D1-D5
regions, 969 bp in alignment profile). Bootstrap support (BS) values of maximum likelihood (left)
and neighbor joining (right) are shown (DNA sequences analyzed in this study are highlighted in
black boxes)
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Figure 4. Maximum likelihood (ML) phylogeny of Kareniaceae inferred from ITS region (478 bp in alignment profile).
Bootstrap support (BS) values of maximum likelihood (left) and neighbor-joining (right) are shown (DNA sequences

analyzed in this study are highlighted in black boxes).

The ML phylogenetic tree inferred from
ITS and LSU rDNA (D1-D5 regions) showed that
the Philippine strain (GBSUB96) and the isolates
of K. ballantinum from Japan, Australia, Italy, and
Manila Bay, Philippines branched together within the
Karlodinium clade. Comparing its nucleotide sequence
with the nucleotide sequence of the Philippine strains
of K. ballantinum isolated from Manila Bay, 936 out of
969 sites (96.6%) in LSU and 418 out of 478 (87.4%)
in ITS were constant, and 12 out of 969 sites (1.2%) in
LSU and 17 out of 478 sites (3.6%) in ITS were variable.
Strain GBSUBY96 being positioned together with
other strains of K. ballantinum in a well-supported

monophyletic clade (ML/NJ BS values = 99/98% in
LSU, ML/NJ BS values = 99/99% in ITS) indicated
that these strains descend from a common ancestor.
Furthermore, as shown in the tree, this species is
closely related to K. gentienii and K. zhouanum.

3.3 Antioxidant profile

The cells obtained from harvesting the 20-L
culture of K. ballantinum dinoflagellates were 0.1
gram of algal biomass. The final density of the mass-
cultured K. ballantinum (20 L) was quantified to be
177.52x106.
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The methanolic extract of K. ballantinum
showed 23.39% radical scavenging activity (Table
1). This implies that the generated % RSA of K.
ballantinum was relatively low when compared to
catechin, which served as the control.

4. DISCUSSION

The observed morphological characteristics
and phylogenetic trees constructed from LSU and
ITS rDNA clearly revealed the species identity of
K. ballantinum isolated from Subic Bay, Zambales.
Molecular analyses placed the strain in a well-
supported clade of K. ballantinum, which grouped
together with similar species from other geographic
regions.

Species of Karlodinium were widely reported
in various geographic regions but K. ballantinum
was not frequently reported like other species, such
as K. veneficum as shown in Figure 5 (Guiry and
Guiry 2023; (Yang et al, 2020). This species was
first isolated by (de Salas et al, 2008) in Mercury
Passage, Tasmania, Australia (strain EF469232) in

2006. The morphological characters observed in
the cells of K. ballantinum isolated from Subic Bay,
Zambales under light microscopy were consistent
with the morphological description by de Salas et
al. (2008). This was especially true with regard to
the cultured cells” cell size, cell shape, placement of
the nucleus, presence or absence of ventral pore,
number of chloroplasts, and description of apical
groove. Furthermore, it was also consistent with the
morphological description by (Siano et al., 2009) who
isolated strains of K. ballantinum in the Gulf of Naples,
Italy for the first time (strain FJ024699 and FJ024700).

In the Philippines, the first record of K.
ballantinum was reported in a study of (Benico et al,,
2020). In 2018 and 2019, the species of K. ballantinum
was first isolated in Manila Bay, Manila, Philippines
(strain LC521283, LC521284, LC521285). The isolated
strains of K. ballantinum in Manila Bay were reported
to be also consistent with the original description of
de Salas et al. (2008), with an additional report of
multiple detections of ventral pore observed in most of
their cultured cells. In this study, the strain GBSUB96
is the second report of K. ballantinum in the coastal

Table 1. Radical Scavenging Activity (% RSA) of the methanolic extract of Karlodinium ballantinum (PP616686).

Sample Absorbance Reading Mean Absorbance % RSA
R1 R2 R3
1 0.683 0.689 0.672 0.681 23.39%
Catechin 0.099 0.100 0.101 0.100 88.75%
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waters of the Philippines. The presence of this species
in Subic Bay, as well as in other nearby countries such
as Japan, may indicate its widespread occurrence in
Asian Pacific waters (Benico et al. 2020).

Certainly, the presence of K. ballantinum
in coastal waters of Asian countries, as well as in
Australia, Mexico, and Europe, indicates its widespread
occurrence across the world. One possible reason for
the occurrence of K. ballantinum in the coastal waters
of the Philippines is the ocean currents. Because ITS
and LSU rDNA sequences of K. ballantinum from
Asia, Australia and Europe are highly similar, it might
be possible that oceanic currents transported the
population of this species to different regions. Another
possible reason is “port-hopping,” which is a term used
to describe how marine species are transferred into
a new environment through vessels (Donelan et al.
2022). In order to increase vessels stability, ships put
saltwater into specialized ballast water tanks located
within the cargo holds of their ships. The ballast water
was allowed to be released once the vessel had arrived
at its destination port, which made it possible for
many introduced species to be released into the new
environment (Ricciardia 2016).

Regarding its antioxidant activity, the
generated % RSA of K. ballantinum was relatively
low when compared to catechin, which served as the
control in the procedure as well as with other species
of microalgae. In the study of (Arguelles et al., 2017),
which served as the reference material for the protocol
of crude extraction used in this study, the assessment
of the antioxidant activity of Desmodesmus sp. led
to a conclusion that the antioxidant activity of algal
extracts may possibly increase when its concentration
also increases. Furthermore, the most important
parameters that determine the composition of biomass
are the amount of light, the nutrients in the culture
medium, the salinity of the water, and the source of
nitrogen. In the study of Vega et al. (2021), studies on
the antioxidant activity of Navicula incerta involved the
optimization of various factors which resulted in major
improvements to pigment production and the density
of algal biomass, allowing for maximum efficiency to
be achieved, which could then be utilized in a variety of
industrial sectors. Still, the antioxidant activity of the
cultured K. ballantinum was comparatively low with
other species of microalgae, such as Spirulina platensis,
commercially available powdered algae associated
with powerful antioxidant properties (Anbarasan et al.
2011). However, although at a low amount, this study
served as the first report of the antioxidant activity of
species under the genus Karlodinium. This showed
the potential of K. ballantinum, although a causative

agent of HABs, as a source of important biological
compounds that can be tapped for various industrial
applications. Furthermore, this study confirms the
significant expansion of K. ballantinum across Asia and
increases our knowledge and understanding of this
organism. Assessing the antioxidant potential of other
kareniacean dinoflagellates, aside from K. ballantinum,
in future studies may be an outstanding contribution
to the field of biomedicine and pharmacotherapy,
which may be explored for further development and
production of biological compounds derived from
microalgae.

5. CONCLUSION

The present study documented the first
record of Karlodinium ballantinum in Subic Bay. This
was the second successful isolation of this species
in Philippine coastal waters after it was reported in
Manila Bay in 2019. Together with other strains of K.
ballantinum, it formed a strong monophyletic clade.

Furthermore, this study concluded that K.
ballantinum possesses radical scavenging activity,
although at a low amount. This was the first report of
the antioxidant activity of a species under the genus
Karlodinium.
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