Journal of Life Science 2004, Vol. 14, No. 2. 301 ~308

©JLS

Species Identification of Nontoxic Alexandrium tamarense (Dinophyceae) from Chinhae
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The morphology of the apical pore complex, the first apical plate and the posterior sulcal plates in
a new isolate of Alexandrium tamarense (Lebour) Balech from the Bay of Chinhae was compared with
other that of toxic strains of A. famarense previously isolated from Korean waters. Although this isolate
was morphologically identical to these toxic strains, high performance liquid chromatography and mouse
bioassay showed no evidence of toxin production. The nontoxic A. tamarense strain showed a strong
positive binding activity with PNA lectin, indicating a high density of lactose and galactose residues
on the cell surface, and in SDS-PAGE and Western blot analysis a unique protein of about 21-kDa
molecular sizes was observed. These findings demonstrate that the use of PNA and immunobioassay
could be used to discriminate between toxic and nontoxic strains of A. tamarense.
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toxic algae

Dinoflagellates make up one of the most important
groups of marine phytoplankton. This is due to their bio-
mass and their contribution to the trophic system and also
to the fact that some species produce compounds which
are toxic for humans, such as PSP toxins (paralytic shell-
fish poisoning). The PSP of shellfish by member of the
genus Alexandrium has been well reported. At present,
seven species of Alexandrium have been identified in Korean
waters|7,32,46). However, Alexandrium tamarense (Lebour)
Balech has recognized as the only toxic dinoflagellate that
caused PSP[24,28,29], a nerve disorder of impacting a
economic and public health concern because of the devel-
opment of aquaculture[3,9,15,37,48]. The occurrence of this
species in Korea is usually from the middle of March to
early July and mostly in Chinhae Bay[31].

All species within the genus Alexandrium are similar in
morphological features and it is difficult to discriminate
between them under the light microscope. The validity of
morphological criteria in defining species within the genus
Alexandrium has been debated on the last decade. Fukuyo
et al[1819], Hallegraeff et al]23] and Taylor et al.[50]
suggested that the feature of the apical pore complex
(APC), the shape of the first apical plate and the posterior
sulcal plate played a useful role in discriminating Alexandrium
species, though Fukuyo[19] reported slightly morphological

*Corresponding author
Tel : +82-61-686-8942, Fax : +82-61-686-1588
E-mail : eun-5657@hanmail.net

difference under environmental conditions and growth
stages. However, the introduction of molecular analysis to
the taxonomic questions in A. famarense has been much
advanced and studied[2,16,44]. Molecular biological tech-
niques, such as lectin-binding assay, specific immunological
and DNA hybridization methods, have the potential to
address more sensitive diagnostic methods for targeted
phytoplankton[2,16,47]. Although it is highly sensitive and
can be performed within a short time, the result is some-
times doubtful because labeling intensity may be different
between stationary and exponential growth phase[4]. How-
ever, the specificity of molecular detection methods cur-
rently available is satisfactory. These methods can also
provide simultaneous information on the localization of
targeted phytoplankton in the cells.

Previously, we suggested that most of strains of A.
tamarense occurring from Chinhae Bay were able to produce
compounds, which were toxic for humans, PSP toxins
(Paralytic Shellfish Poisoning), although variation of their
toxicity was significantly different under the same envi-
ronmental conditions[11]. However, all of toxic A. tam-
arense was reported to have similar morphological struc-
ture on the basis of thecal plates[11]. Recently, we isolated
a new strain from the same region. The detection of PSP
toxins in this new isolate and the subsequent mor-
phological characteristics during the clonal culture were
prompted the present investigation. We observed and
confirmed the cell under light, epifluorescent and electron
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microscopes on the basis of the feature of APC, first and
posterior sulcal plates. In addtion, we applied molecular
probes to discriminate this species from toxic A. tamarense

in cultures.

Materials and Methods

Cultures

Dr. B. S. Shin, Korea Oceanography Research and De-
velopment Institute provided seawater samples, which
were obtained from Chinhae Bay, 2000. It was isolated
using capillary pipette under microscope. Isolate was
grown in f/2-5i medium|22] and incubated at 20 under
50 pmol? S7 light intensity from fluorescent tubes with
14:10 h LD (light:dark) photoperiod. This strain was main-
tained in exponential growth phase by serial transfers of
an inoculum to fresh medium once every month.

Staining

The thecal plate morphology was observed using phase
contrast and UV epifluorescent microscopy after calcofluor
staining[18] under a Nikon Optiphot (Tokyo, Japan) mi-
croscope attached with UV filter (excitation, 330-385 nM;
emission, >420 nM).

Electron microscope

The cells were fixed with 2.5% glutaraldehyde and 1%
osmium tetroxide. The material collected on the filters was
subsequently washed with 0.1 M phosphate buffered saline
(PBS, pH 7.2). Samples were dehydrated in a stepwise
graded ethanol series upto 100% ethanol. Specimen were
sputter-coated with deionized gold and examined under
an Hitachi 54200 (Tokyo, Japan) SEM.

Toxin analysis

Toxicity was examined by means of the mouse bioassay
and HPLC (high performance liquid chromatography)
according to previous methods[11].

Lectins

This study selected ten lectins from Sigma Chemical
Company (Seoul, Korea), each of there having a different
carbohydrate-binding specificity; lectins jack bean agglu-
tinin (ConA, specific for Mannose/Glucose group), coral
tree agglutinin (ECA, specific for N-Acetylgalactosamine/
Galactose group), snail agglutinin (HPA, specific for D-
glucosamine group), pea agglutinin (PEA, specific for

Mannose/Glucose group), lima bean agglutinin (LBL, spe-
cific for N-Acetylgalactosamine group), peanut agglutinin
(PNA, specific for Lactose/Galactose group), pokeweed
agglutinin (PWM, specific for N-Acetylglucosamine group),
soy bean agglutinin (SBA, specific for N-Acetylgalacto-
samine/Galactose group), gorse agglutinin (UEA, specific
for Fucose group) and wheat germ agglutinin (WGA,
specific for N-Acerylglucosamine group). Suspensions of
lectin in filtered seawater (0.2 pm cartridge filter) were
prepared at a final concentration of 50 ug ml". A 100 pl
percoll was added to the 1 ml (approximately 1x 10" cells)
culture for cell aggregation, and the cells were harvested
by centrifugation. After centrifugation, the supernatant was
removed and aliquots were mixed with lectins, and
incubated for 1 h at room temperature. The supernatant
was removed, and 1 ml PBS was added to resuspend the
pellet. The cells were examined for binding activity under
a Nikon Optiphot (Tokyo, Japan) microscope attached with
blue light filter (Excitation, 450-490 nM; Emission, 529 nM).
Binding was determined by direct observation and recorded
as: ++ (strong green signal fluorescence on the cell surface),
+ (moderate green siganal fluorescence on the cell surface),
p+ (weak green signal fluorescence on the cell surface), -
{no fluorescence or autofluorescence). All assays were done
three replicates.

Primary antibody

10 ml aliquots of A. tamarense collected by centrifugation
(250xg, 10 min) were preserved in 4% formaline and
rinsed in PBS (pH 7.4, X4). Two Australian female rabbits
were inoculated with purified A. tamarense. One sub-
cutaneous injection containing Freund's complete adjuvant
at 1 ml per rabbit was carried out. After 20 days, a sub-
cutaneous booster containing Freund’s incomplete adjuvant
at 1 ml per rabbit was administrated. A schedule of four
boosts was performed at 3 weeks interval. The rabbits
were bled 5 days after the final booster. Serum was sep-
arated by centrifugation after clotting. The rabbits anti-
bodies were purified using affinity chromatography (Phar-
macia). The column (HiTrap) was washed and equilibrated
with Na,HPO2H;0 20 mM, pH 70. The fraction was
specifically eluted in citrate buffer (0.1 M citric acid, pH
3.0). Fractions were collected in the presence of 1 M HCl
Tris buffer, pH 9.0. Purified antibody was then aliquoted
and stored at -207C.

Western blot analysis
Electrophoresis of protein was performed routinely on



SDS (sodium dodecyl sulphate)-polyacrylamide gels by
standard methods with a BioRad Mini Protean II apparatus
according to the manufactuer’s instructions. The sample
buffer contained 10% sucrose, 10% SDS and 10% mercap-
toethanol, and the samples were boiled for 5 min. For
Western blotting, c.a. 10 ug of purified protein per lane were
run on an SDS-PAGE (polyacrylamide gel electrophoresis)
10% gel and transferred to sheets of nitrocellulose filters
according to the manufacturer’s instructions. The biocking
solution was PBS (pH 7.4) supplemented with bovine
serum albumin (BSA) 5% and Tween-20 0.01%. Blots were
incubated in sera diluted 1 in 200 in PBS for 2 h at room
temperature. After being washed, the membranes were
incubated at room temperature for 2 h in anti-rabbit IgG
{whole molecule) alkaline phosphatase-conjugated secondary
antibody (Sigma) diluted 1 in 20,000 in PBS. The colour
reaction was developed with 5-bromo-chloro-3-indolyl
phosphate 0.05 mg ml” (BCIP) and nitroblue tetrazolium
0.01% (NBT). Protein concentrations were determined by
the BCA Protein Estimation Assay (Pierce, Rockford, USA)
according to the manufacturer’s instructions, with bovine
serum albumin as standard.

Results

Cell ovoid, slightly longer than wide, circular in cross-
section, 20-43 um in long and 15-32 gm in wide (n =72)
during the culture were observed (Fig. 1a). In the ventral
view, the shape was pentagonal and convex. Epitheca and
hypotheca were nearly equal in altitude. The shape of
epitheca was broadly conical and the hypotheca was
irregularly trapezoidal. Cingulum was excavated and
descended at the end of cell. Sulcus was relatively wide,
running almost straightly. The APC was wide and angular,
with an asymmetric bullet-shape (Fig. 1b, c). The upper
segment of APC was nearly paralle] to the main axis of the
plate, whereas the lower was sloped inward. APC was
connected with the first apical plate. Ventral pore (Vp) was
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Fig. 1. Micrographs of Alexandrium tamarense cells in cultures.
A, light microscope of ventral view of cell; B, epi-
fluorescence micrograph of apical pore complex {(APC)
stained by calcofluor; C, APC by scanning electron
microscope; D, epifluorescence micrograph of APC
and ventral pore (Vp) in first apical plate; E, epiflu-
orescence micrograph of APC, Vp and sulcal plate
(Sp) in posterior plate.

presented in the first apical plate and attachment pore in
posterior sulcal plate (Sp) was also shown in the cells (Fig.
1d, e). There was no presence of PSP toxin-complex by
Mouse bioassay test and HPLC analysis. The nontoxic A.
tamarense had a binding profile most like toxic A. tamarense,
which showed a positive binding of ConA, ECA, HPA,
PEA, PNA, SBA and WGA lectins (Table 1), except for the
lack of reaction with LBL, PWM and UEA lectins (no
fluorescence on the cell surface, Table 1, Fig. 2a, b, d).
However, the nontoxic A. famarense could be differentiated
by a strong reactivity with PNA lectin, with remarkably
fine green signal on the cell surface compared to toxic A.
tamarense stained from even PNA lectin (Fig. 2c). The

Table 1. Binding response of toxic and non-toxic Alexandrium tamarense isolates isolated from Chinhae Bay to different lecting
used as fluorescent probes. The symbols of ++, +, p+ and - represent to emit strong, moderate and weak green signal
on the cell surface and no binding with lectins or autofluorescence, respectively

Strain ConA ECA HPA PEA LBL PNA PWM  SBA UEA  WGA
A. tamarense AT-2 (toxic) + + + + - + - + . +
A, tamarense AT-6 (toxic) + + + + - + - + . +
A. tamarense AT-B (toxic) + + + + - + - + - +
A. tamarense (non-toxic) + + + + - ++ - + - P+
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Fig. 2. Epifluorescence micrographs of Alexandrium tamarense
in cultures. A, light microscope of A. tamarense; B, no
binding of A. famarense stained by LBL lectin; C, treat-
ment of PNA lectin to toxic A. tamarense (two ar-
rowheads), while to nontoxic A. tamarense (one arrow-
head); D, no addition of lectins.

antibody targeted to nontoxic A. famarense was tested
against toxic A. tamarense isolates AT-2, AT-6, AT-B to
discriminate nontoxic from toxic A. tamarense (Fig. 3). The
nontoxic A. tamarense antiserum reacted strongly on the
Western blots with non-toxic A. tamarense, whereas no
binding of any toxic A. tamarense isolate observed. Reaction
was found in the 21-kDa antigens with a high intensity of
recognition.

Discussion

Morphological analysis
Alexandrium tamarense, A. fundyense (Lebour) Balech and
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Fig. 3. Immunoblot of the approximately 21-KDa proteins
from nontoxic Alexandrium tamarense. The protein was
analyzed by SDS 10% PAGE, followed by blotting
and Western screen with BioRad apparatus. Lane M
(marker proteins): rabbit muscle phosphorylase (97-
kDa), bovine serum albumin (66-kDa), ovalbumin (45-
kDaj, carbonic anhydrase (31-kDa) and ftrypsin inhi-
bitor (21-kDa). Lane 1: Western blot analysis of A.
tamarense AT-2, Lane 2: Western blot analysis of A.
tamarense AT-6, Lane 3: Western blot analysis of A.
tamarense AT-B, Lane 4: Western blot analysis of
nontoxic A. famarense.

A. catenella (Whedon & Kofoid) Balech are very similar in
morphological features and are considerably confusing
under the light microscope. However, the presence or
absence of anterior attachment pore in 1' plate plays an
important role in differentiating Alexandrium tamarense
from A. catenella/A. fundyense{7,19,23,50]. This study con-
firmed that this isolate was not regarded as A. catenella and
A. fundyense because of the presence of ventral pore under
the epifluorescence microscope. In cultures, the position of
the anterior and posterior attachment pores was detected
throughout the whole growth phases, which was present
in solitary cells or chain-forming cells during cell division.
Recently, Yoo et ¢.[52] reported a little variation in the
anterior part of the first apical plate and its posterior end
on the basis of original description. However, it is likely
that this variation is considered within the range of the
morphological variation of this taxon. Although the var-
iability in the morphology of APC for A. ostenfeldii (Pau-
Isen) Balech et Tangen was shown in New Zealand[35] and
Canada[8], recently, the analysis of APC feature of nontoxic
isolate showed also a similar thecal morphology as that
described in toxic A. tamarense[11].

Nontoxic A. tamarense

Adachi et al[l. showed that genetic heterogeneity of
crude protein band patterns existed between Japanese
(toxic) and Thailand (nontoixc) strain of A. tamarense. Re-
cently, Taroncher-Oldenburg and Anderson (2000) ob-
served the differential display (DD) patterns of toxic and
nontoxic A. tamarense and reported high variability between
them. Consequently, characterization of toxic and nontoxic
A. tamarense is quite different conception on the basis of
genetic understanding. In Korea, the present study was
first reported to exist nontoxic A. tamarense from Chinhae
Bay. It is known that Chinhae Bay is a large waterbody
with only one narrow avenue for exchange with oceanic
waters and it is known that the strength and persistence of
winds has an important effect on the residence time of
seawater in the bay. The occurrence of nontoxic A.
tamarense in Chinhae Bay as a heterogenesis species is
unusual. The variation in toxin production and composition
can be attributed to environmental conditions[36,51], nu-
trient limitation[6] and cell cycle events[5], with the genetic
factors having less impact. Other researchers proposed that
genetic factors might have an impact on the variation of
toxin production and composition{27]. Anderson[3] and
Ishida et al.[25] proposed that toxin production was di-



rectly contributed by intrinsically genetic basis. However,
Kodama[30] suggested to be involved mobile genes from
the endosymbiotic intracytoplasimic or intranuclear bacteria.
Recently, the development of molecular analysis makes a
possibility that toxin production better accorded with the
endosymbiotic-origin hypothesis than with the intrinsic-
origin hypothesis because PSP-producer species were ran-
domly distributed[53]. This study have not tested the
determination and occurrence of bacteria in cultures of this
 species, but is necessary to debate and study the interaction
magnitude in future. Spatial distribution pattern of A.
tamarense in Chinhae Bay is limited to widespread, almost
homogenous population, because this studied region is
difficult to be provided and mixed with outer waters on
the basis of overall hydrogeographical perspective.
Previously, we suggested that A. famarense in Chinhae
Bay was composed by a unique population with its own
physiological characteristics[11]. That indicates that Chi-
nhae Bay exhibits a stable genetic population structure and
forms a single phylogenetic group. Stable exchange of
genetic solidarity within closely related groups can be
explained by homologous recombination frequency. However,
there are also other possible mechanisms for genetic ex-
change within genetically clustered groups. This is intro-
duced by conjugation, simultaneous competence and re-
cognition sequence[34]. The exchange of genetic infor-
mation could not be a general mechanism. The observed
heterogeneous distribution of the toxic and nontoxic strains
may be a result of gene change at a number of times
throughout evolution. Further studies addressing the mech-
anism of heterogeneous strain of A. famarense, are nec-
essary. It is known that A. tamarense can generate asexually
or sexually against environmental and nutritional con-
ditions following in vitro and in vivo studies[40]. The most
reliable hypothesis is to be thought that some of the veg-
etative cells produce zygotic cysts by recombination with
genetic material during the sexual reproduction. In an
earlier study, we have compared gene sequences of cul-
tured cells and germinated cells from resting cysts in
Gyrodinium impudicum Fraga et Bravo and resulted to be
identical nucleotides[14]. This species cannot produce seed
source through sexual life cycle such as A. tamarense. In
Chinhae Bay, where PSP is monitored, the large numbers
of cysts found on shellfish cuiture are common|26)]. Lee et
al.[33] suggested that the relationship between the abun-
dance of cells of A. tamarense and shellfish contamination
was high correlated and reported no toxicity incidents in
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a decade in Chinhae Bay. This indicates that it is difficult
for heterogeneous species to recruit and mix planktonic
pool of toxic A. tamarense population, but this simply may
be an issue of spatial scale.

Detection

Lectins (haemagglutinins, agglutinins) are sugar-binding
proteins of non-immune origin that agglutinate or pre-
cipitate glycoconjugates and cells[21]. Due to the strong
affinity and binding specificity that each lectin has toward
a particular structure, they have been proposed as primary
recognition molecules[45]. This data on lectin binding dem-
onstrated the presence of glycoproteins that could act as
identification tools (Fig. 2). This implies that non-toxic A.
tamarense has more lactose and galactose residues on the
cell surface than toxic A. tamarense, whereas acetylglu-
cosame group on the cell surface of non-toxic A. tamarense
was shown in a shortage. Both A. tamarense and A. catenella
are considered toxic phytoplankton, however, previous
studies showed the same binding activity[13,15]. Cho et al.
[15] suggested that PNA lectin was useful to discriminate
toxic A. catenella from nontoxic A. frateculus. However,
three toxic A. tamarense isolates which were of different
toxicity showed all positive PNA lectin binding{12]. Con-
sequently, toxic and nontoxic A. tamarense and A. catenella
from Chinhae Bay have common biochemical character-
istics for the presence of PNA lectin on the cell surface,
whereas in non-toxic Alexandrium species it possibly seems
to be absent or shortage on the cell surface. It is also sug-
gested that biochemical characteristics on the cell surface
of toxic and nontoxic A. tamarense seem to be different and
thus further expect the determination of protein-coding
ribosomal RNA because of high degree of functional con-
stancy.

During the last ten years, characterization of harmful
marine algae by molecular probes techniques has become
increasingly important and has now more or less replaced
biochemical methods. Compared to biochemical analyses,
DNA-based techniques have the additional benefit that
they often provide significant information needed to verify
or interpret the understanding of the taxonomy and sys-
tematics. At the generic level, polymerase chain reaction
(PCR) amplification of the ribosomal DNA spacer has
proved to be a very useful genetic mark for differentiating
the species of Alexandrium[2,10,38,39,43,44]. More recently,
however, Anderson et al.[4] suggested that oligonucleotide
probe targeting rRNA had a variation of labeling intensity
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depending on growth phase because of different concen-
trations of rRNA. In contrast to rRNA probe, immunofluo-
rescent antibody targeting a cell surface protein, was less
variable in signal intensity, although growth condition and
step affected the results[4]. Similarly, Costas et al.[17]
suggested that cell division cycle, culture media and envi-
ronmental conditions had no impact of lectin binding
activity. Considering in present study, it was certain that
nontoxic A. tamarense showed an unknown molecule on
the cell surface, indicating that it might play an important
role in taxonomical tool for differentiating toxic from
nontoxic A. famarense and it also revealed to be different
the biochemical molecular between them on the cell
surface (Fig. 3). Consequently, this make us assure that the
use of lectin and antibody probes targeting molecules on
the cell surface will provide a reliable information for

discriminating, enumerating and monitoring Alexandrium.

Future perspectives

Studies on phylogenies and evolutionary relationships
are a long-standing topic debate{50]. A satisfactory res-
olution on this issue and clearer understanding of genetic
status, will depend on the identification of defined pop-
ulations and their interrogation with reliable genetic mark-
ers. The application of molecular tools has the potential to
resolve much of the controversy over Alxandrium tax-
onomy, evolution and the species conception. Recent ap-
proaches studied to identify species-specific genetic mark-
ers for addressing taxonomic and biogeograhic questions
in Alexandrium|2,41,42]. They demonstrated that small-subunit
(SSU), large sub-unit (LSU) and internal transcribed spacer
(ITS) rDNA regions were able to separate Alexandrium
species or populations that exhibited two distinct genes,
called “A gene” and “B gene”[2,41,42,44]. Interestingly,
both strains of nontoxic A. tamarense isolated from Tas-
mania, Australia and Kushimoto, Japan, formed an inde-
pendent molecular group and a unique evolutionary
linkage[2,41,42]. The possible mechanism of distinguishing
populations is evolutionally explained by the introduction
of natural immigrations or human activity[44]. Since Al-
exandrium have a cosmopolitan distribution and dominates
the populations of many environments, and it seems to be
morphologically identical and to occur in geographically
isolated environments world wide, they have a number of
advantages for population analysis. Unfortunately, however,
no study has actually tested the genetic character and
possible population subdivision of the species within

micro-geographic area in the Korean waters. Consequently,
we will conduct to detect the possible existence of the
genetic subdivision. between micro-geographic locales and
investigate the extent of DNA divergence within micro-
geographic area.
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