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Abstract

Fluorescent species-specific DNA probe (AT1) of toxic dinoflagellate Alexandrium tamarense was tested on several
other species, on comparison of binding activity at different preservatives for fixation of the cells, at different culture

age and estimation of cell density by light microscope or epifluorescent microscope using whole cell hybridization.
Th AT1 probe specifically bound to Alexandrium tamarense, whereas it did not bind to other phytoplankton, in

particular Alexandrium catenella, morphologically similar to Alexandrium tamarense, could not react to ATl probe.

When cells were fixed with all three preservatives, labeling cells of Alexandrium tamarense emitted strong fluorescent

signal intensity. In addition, regardless culture days, binding activity with AT1 probe was strong. The cell densities

estimated by epifluorescent microscope were than those estimated by light microscope. The enumeration and

identifying of Alexandrium tamarense using DNA probe method will be contributed to a new biotoxin monitoring and

prediction system in field.
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Introduction

Korea has rich shellfish resources and a vigorous
shellfish aquaculture industry that was threatened from
marine biotoxins of algal origin. Paralytic shellfish poison
(PSP) contaminated mussels and oysters, caused by
Alexandrium tamarense (Lebour) Balech, have affected ex-
ports to other countries with associated losses for shellfish
harvesters. It is important to meet the needs of the
shellfish industry by exploring a rapid and accurate way

of identifying and counting a PSP-producer, Alexandrium
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tamarense. However, considerable time and taxonomic
skills are required to identify and count a particular
species in the field samples using light microscope. In
order to avoid these risks, biochemical methods
(lectin-binding assay, immunoassay and DNA probe)
have been developed to detect targeted phytoplankton
species in the last decade [1,2716,]. Previously, we
applied FITC-conjugated lectins to some Korean red tide
microalgae including several species of Alexandrium [4,5].
However, little is investigated on the application of
species-specific DNA probe to toxic Alexandrium tamarense
in Chinhae Bay, where the shelifish biotoxin contami-
nation occurs annually. In this study an attempt was

made for a new biotoxin monitoring system using DNA
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probe that is quick and accurate means of identifying
toxic Alexandrium tamarense in the field samples from
Chinhae Bay.

Materials and Methods

Cuttures

Four strains of Alexandrium tamarense (AT-2, 6, 10, B)
were taken from red tide waters in Chinhae Bay and the
strains were isolated using capiliary pipette under
microscope. The isolation procedure was done at
National Fisheries Research and Development Institute,
Pusan. Alexandrium catenella (Whedon & Kofoid) Balech
was obtained from Inje University, Kimhae, Korea. The
organisms in this study were maintained in f/2-5i
medium [9] under 12 h light/12 h dark cycle (100 mol~
s") at 20°C (Table 1).

Field samples

Dong-Woo Kang provided natural seawater collected

from Chinhae Bay on May 2000.

Preservation

Preservation methods using 1%, 2% glutaraldehyde,
1%, 3% Lugol's idoine solution and 1%, 2% formal-
dehyde were evaluated for their effect on fluorescence
intensity according to the procedures of Scholin et al.
[13].

Fluorescent signal intensity
The visual fluorescent signal in each sample, from ~
(weak) to ++ (moderate) to +++ (very strong), with a (-)

indicating a negative result.

Whole cell hybridization

Whole cell hybridization with species-specific probes
was tested against Alexandrium tamarense from cultures
and natural samples, using the filtration method [11,14].

This study used 4 kinds of probes: ATl probe

Table 1. Isolates of harmful algal species used in DNA

probe
Species Location Toxicity]
Alexandrium tamarense (AT-2) Chinhae +
A. tamarensc (AT-6) Chinhae +
A. tamarense (AT-10) Chinhae +
A. tamarensc (AT-B) Chinhae +
A. catenella’ Chinhae +

Cochlodinium polykrikoides (CP-1)° Tongyong -

C. polykrikoides’ Kunsan -
Eutreptiella qymnastica (EG-1) Namhae -
Gyrodinium impudicum (GI-1) Tongyong -

Gymnodinium sanguineum (GS-1)  Masan -

Heterosigma akashiwo (HA-1) Jindong -
Prorocentrun: micans (PM-1) Masan -
P. minimum (Pmini-1) Tongyong -
P. triestinum (PT-2) Namhae -
Scrippsiella frochoidea (ST-1) Yousu -

Toxicity was analyzed by high-performance liquid chromato-
graphy with a fluromonitor detector (Ex. 330 nm, Em. 390 nm).
Toxicity in four isolates of AT-2, AT-b, AT-10 and AT-B was
3.245, 5.716, 0.999 and 0.178 pg STX., cell' in late exponential
phase under the same culture conditions, respectivelv.
“Collected during the 1997.

‘Collected during the 1999

*Obtained from Inje University, Kimhae.

(5-ATCGTACACAAACACAGCAC-3, specific probe for
Alexandrium tamarense) {2], UniC probe (5-GWATTACC-
GCGGCKGCTG, positive control for all eukarytotes) [11,
13], UniR probe (5'-CAGCMGCCGCGGUAAUWC, nega-
tive control to test for non-specific retention of probe)
(11, 13], and no probe (negative control to compare
against UniR for autofluorescence versus non-specific
retention of probe). Cells were fixed for 1 h, and
following washing and probe addition, were hvbridized
as described by Scholin et al. [14] and Miller and Scholin
[11]. Binding reactivity was examined under a Nikon
Optiphot  microscope  with FITC optical filter set

{excitation 4530-490 nm; emission 529 nm).

Effect of culture age

The effect of culture age on the fluorescence signal
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intensity was determined by harvesting cells from batch
cultures of Alexandrium tamarense (AT-2, 6, 10, B} in early

to late exponential phase and at stationary phase.

Enumeration on field and mixed cultures sam-
ples

The usefulness of the fluorescence staining methods
for counting field samples was determined by the
staining and counting of the stored field samples and a

sample from a mixed cultures (Table 1).

Results

Table 2 showed the reactivity of species-specific DNA
probe (AT1 probe) for Alexandrium catenella and various
dinoflagellates using whole cell hybridization. AT1 probe
conjugated strongly several strains of Alexandrium in this

study and had an appearance of ovoid in the periphery

Table 2. Binding activity of fluorescent DNA probe (NA1)
at different isolates of harmful algal species
using whole cell hybridization

Microalgae Fluorescence intensity
Alexandrium tamarense (AT-2) +4+
A. tamarense (AT-6) +++
A. tamarense (AT-10) 44
A. tamarense (AT-B) +++

A. catenelld’ -
Cochlodinium polykrikoides (CP-1)' -
C polykrikoidesZ -
Eutreptiella gymnastica (EG-1) -
Gyrodinium impudicum (GI-1) -
Gymnodinium sanguineum (GS-1) -
Heterosigma akashiwo (HA-1) -
Prorocentrum micans (PM-1) -
P. minimum (Pmini-1) -
D. triestinum (PT-2) -
Scrippsiella trochoidea (ST-1) -

'Collected during the 1997.

“Collected during the 1999. Obtained from Inje University,
Kimhae.

+++ (strong binding); ++ (moderate); + (weak); - (no binding)
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of cell (Fig. 1), however, showed no binding activity
with other dinoflagellates. Glutaraldehyde, Lugol solution
and formaldehyde for cell preservation in the field and
laboratory used commonly fixatives. Under the epifluor-
escence microscope, the intensity of the fluorescent signal
generated by fluorescently labeled cells showed higher
fluorescent intensity regardless of different strains and
methods (Table 3). The difference in fluorescence gener-
ated by cells fixed in these fixatives was minimal. Cells
from early to late exponential growth (545 days) in batch
culture showed the strongest binding activity consistently
(Table 4). When cells were fixed with Lugol's idoine
(3%) from field sample, AT1 probe showed a speciation
in toxic Alexandrium tamarense that emitted strongly
fluorescence intensity (Fig. 2). Tests on the field and
mixed culture samples showed that it was easier to
positively identify toxic ~Alexandrium tamarense and
discriminate them from non-target species using epifluo-
rescent microscope than using direct light microscope
(Table 5).

Discussion

In Korea, toxin-producing dinoflagellate A. tamarense
was observed from middle March to early July and
distributed mostly in Chinhae Bay [10] that is a semi-

ro

Fig. 1. Cultured cells hybridized with species-specific
probe ATL
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Table 3. Comparison of different preservation on toxic
Alexandrium tamarense (AT-2, 6, 10, B) using
DNA probe assay in whole cell hybridization

Strains  Preservation (%) Fh.;oresc‘ence
intensity
AT-2 Glutaraldehyde (1%) ++
AT-2 Glutaraldehyde (2%) +++
AT-2 Lugol’s idoine solution (1%) ++
AT-2 Lugol’s idoine solution (3%) T+t
AT-2 Formaldehyde (1%) ++
AT-2 Formaldehyde (2%) t++
AT-6 Glutaraldehyde (1%) ++
AT-6 Glutaraldehyde (2%) ++
AT-6 Lugol’s idoine solution (1%) ++
AT-6 Lugol’s idoine solution (3%) ++
AT-6 Formaldehyde (1%) ++
AT-6 Formaldehyde (2%) ++
AT-10 Glutaraldehyde (1%) +++
AT-10  Glutaraldehyde (2%) e+
AT-10 Lugol’s idoine solution (1%) ++
AT-10  Lugol’s idoine solution (3%) +++
AT-10 Formaldehyde (1%) ++
AT-10 Formaldehyde (2%) ++
AT-B Glutaraldehyde (1%) ++
AT-B Glutaraldehyde (2%) ++
AT-B Lugol’s idoine solution (1%) +++
AT-B Lugol’s idoine solution (3%) ++
AT-B Formaldehyde (1%) ++
AT-B Formaldehyde (2%) ++

+++ (strong binding); ++ (moderate); + (weak); - (no binding)

Fig. 2. Cells in field fixed with Lugol solution (3%)
reacted with DNA probe. Arrow indicates the

location of the label.

Table 4. DNA probe binding to toxic Alexandrium tamarense
(AT-2) at different stages of growth

Culture days Fluorescence intensity

5 days +++
10 days e+
20 days +++
30 days e+
45 days +++

+++ (strong binding); ++ (moderate); + (weak); - (no binding)

Table 5. Comparison of cell density of field samples and
mixed culture with Alexandrium tfamarense by
light microscope (LM} and epifluorescent micro-

scope (EM)
Samples LM (10 cells L") EM ( 10’ cells L")
Field
Sujong 9 15
Wucheon 13 18
Dandong 5 9
Chilchundo 1 12

Mixed culture 17 20

enclosed bay with a restricting exchange of the waters.
Since Chinhae Bay has been regarded as an important
local shelifish cultivation region, the monitoring of
Alexandrium tamarense has frequently taken place at many
locations around the coast of Chinhae Bay. Lee [10]
reported that four species of Alexandrium (Alexandrium
tamarense, Alexandrium affine (Inoue and Fukuyo) Balech,
Alexandrium  fraterculus (Balech) Balech and Alexandrium
catenella) have occurred in Chinhae Bay, with Alexandrium
tamarense and Alexandrium catenella (PSP toxin producer),
and Alexandrium affine and Alexandrium fraterculus (none
toxin producer). The identification of genus Alexandrium
has based largely on the morphological features of the
thecal plates [8]. These features can be varied depending
on environmental condition [12,15], however, four strains
of Alexandrium tamarense (AT-2, AT-6, AT-10 and AT-B)
used in our study indicated a strong binding activity
with AT1 DNA probe (Table 2, Fig. 1). Even though AT1
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probe is identical nucleic acids to ¢TAM-F1 [2], the
reason of different intensity may be associated with
modifications in the hybridization protocol. Four isolates
in this study did not reveal considerable nucleotide
variation in the internal transcribed spacers (ITS) regions,
in particular complete identical sequence to Japanese
Alexandrium tamarense OFX151-A [6]. It is thought that
how to treat the cells are important to enhance the
signal.

All three preservatives and at different concentrations
used for fixing the Alexandrium tamarense cells were
satisfactory in maintaining the general shape and
structure of the cell, including consistently strong signal
intensity (Table 3, Fig 2). However, cells treated with
strong concentration (>3%) were associated with vul-
nerable morphological features, in particular decline of
signal intensity (unpublished data). It is therefore that
treatment of 1-2% in three preservatives may be
desirable to identify and enumerate field samples of
Alexandrium tamarense. In contrast to immunofluorescent
detection targeted to cell surface, changes of binding
reaction over times [3], fluorescent intensity of AT1
probe was not changed even in late growth phase (Table
4). As seen in Table 5, enumeration of Alexandrium
tamarense cells from Sujong, Wucheon, Dandong and
Chilchundo field samples were easy and great in
estimating of Alexandrium tamarense cells using epifluor-
escent microscope than with light microscope. Since this
method provides for more accurate Alexandrium tamarense
discrimination and enumeration than that of traditional
method, it will be established to new biotoxin monitoring

and prediction program in Chinhae coastal waters.
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