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Development of Paralytic Shellfish Poisoning Toxification
and Detection of the Genus Alexandrium by using Real-time
PCR Assay in Jinhae Bay, Korea

Jeong-Kyeong Park

Department of Fisheries Biology, Graduate School,
Pukyong National University
Busan 608-737, Korea

Abstract

Outbreaks of toxic dinoflagellate Alexandrium have gradually increased in
Korean coastal waters and caused severe damage to shellfish culture industry.
The survey on mussel toxicity in | association with toxic dinoflagellate
Alexandirum was conducted when cultured mussels Mytilus edulis were found
to accumulate paralytic shellfish toxins from March to May 2007 in Jinhae
Bay, Korea. The cell density of Alexandrium spp. increased until mid of
April, following decreased and disappeared in end of May. The maximum
cell densities of Alexandrium spp. reached 25,800 cells L' on 30 May. The
mussel toxicity also increased with increase of the cell density of
Alexandrium spp. (except 30 March), and decreased gradually in proportion to
cell density. The highest PSP toxicity was 4,456.01 pg STXeq. 100 g on 18
April. The predominant toxins detected in mussels were Cl1+2, GTXI1+4,
GTX2+3, and trace toxins were dcSTX, neoSTX, STX, GTXS5. At the
beginning of the survey, the proportion of Cl1+2 and GTXI+4 in mussels
were much higher and lower, respectively. However, the former gradually
decrease, while the latter gradually increased thereafter.

In order to rapid detection of the genus Alexandrium in environmental



water samples, the real-time PCR assay was adopted. 5.8S-b5' and 5.8S-b3'
primers specifically amplified only the genus Alexandrium, while amplification
products were undetectable in reaction containing the DNA of other
dinoflagellates. The 6-month field survey conducted in Jinhae Bay
(April-September), and the DNA of the genus Alexandrium was detected in
April, May and August. It was similar period of occurrence toxic
Alexandrium sp. in Korean coastal water. Therefore, the real-time PCR assay
is available to rapid detection of the genus Alexandirum during coastal water

monitoring.
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7] wia| 2 Aol o] 2 A dtH(Bricel] and Shumway, 1998). T3 STX
(saxitoxin) 3t&=& FTHw= dulmalgld Foldo=m F IH& o F
I 2078 ol FHEER FAEHY At SAo] Ao &2
carbamateA ] E4A(STX, NEO, GTX1-4¢ ZAo 718 &
N-sulfocarbamoylA S 4(Cl1-4, Bl1-2), =1 <39 4L 7HA+=
decarbamoylZ 54:(deGTX1-4 deSTX)Z A HHOshima et al,

2003). mHH|A =S BAEtE HEREFE Alexandrium acatenella, A.
catenella, A. cochrticula, A. fracterculus, A. fundyense, A. leei, A.
minitum, A. tamarense, A. tamiyavanichii, Gymnodinium catenatum,
Pyrodinium bahamanse var. compressum 5©°] 4&A JtH(Taylor et

al., 2003).



Alexandrium<& F2 2n) 3 2@ 9=
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R0l 2o 2] < ol A
A&l © W (Dale and Yentsch, 1978), HZolle = W EY, = H
gao e Fdsar YrH(Wang et al., 2005, Nguyen-Ngo, 2004; Chou
et al, 2004; Persich et al., 2006). A Al AAH A9 Alexandrium? =%
Fh winlAg dis B A gk W A7 s o] ghvh(Hall, 1982;
Oshima et al., 1982; Maranda et al., 1985; Yoshida et al., 2001).

Tl A= 1986 3 1996 =3kl ©@X& AFHAT Abgho] Abdste
At o] vl S i (Chang et al, 1987; Lee et al, 1997), ol& 3 &3} w2+
Ao did w2 = g2 22 e FEEA vEH v =

FH D AAL AFE g Asjwt RA YR Y Sof
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69 Abol TAIA(B0 wg STXeq. 100 g ) ool B4t #AEHx Y}
(NFRDI, 1998-2003). Chang et al. (1988)2 =3 Z&qt s

W= Aol Aol E o] A, tamarensed= 2C13} 3, Han et al. (1992)
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of tigk A7 S E et Eelk & (2005)2 X389 e] Alexandrium& <]
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Sandwich-hybridization, immunological 71¥ % ¢]g] A Es2 e W
M Eo] 7ty o] ¢th(Scholin et al, 2003). ©] % Real-time PCR 7]¥-&
A71gE ol AEF A=Y HEd AFE7t Thsste] @A
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2.1. Alexandrium% 9 83X 9 X AF

Alexandrium?; w2l SHE s vty nd, FA-7, AAE
oF 1A, AHAFAM AAANRE AHIIAY. AEE  Core-sampler
(TFO type, @ 1.1 and 4.3 cm)E ©|&3sto] A F A2(10C) H¥s}
of A= ERtetlar ol WAty 98] 4T WetAolA Huet
Aok AAAIRY] HF5S Holdo] ofFsfdd FHAZ §F 25aA g
3} nylon mesh® o #stAth. e a4 ¥ (SPT-density gradient
centrifugation method; Bolch, 1997)2 o] &3lo] A AA R W FHER
2 2391, =H3u A (Olympus IX70)3Fe] A A By slS o] &3}
o] Alexandrium tamarense/catenella complex +WXAE F23stAth
23 FHEAE SWI A, 17C, 180 umol m °s '] ZAstolM &
obA|Z L, F-t3tate] Al thul st A EH(Table 1).

3 % 50 mLE %3393, 10% glutaraldehydeE ©]-&3te] HE 5=

2 1AsYY. 1 A- " A BE Sedgwick-Rafter chambero] 1 mL ¥
3t Fukuyo et al. (1990)¢} A1(1994)¢] HWho whel 54 2 A3t
A= FAT AT Mytilus edulis)E AEZHAE APAEY 7Y

gk ool A oF 207041 AR & A=(10T) delz dddz eutsith



2.2. HPLCE o] £ 3 uln|A d% &4

ntH)l A 9E BAS Oshima (1995) #We] we} HPLC (High
Performance Liquid Chromatography)Z ©] &3}t T3¢ H4 14
S 9% AAgE FAe] FAFE FF9 01 N HCl2 #d38tsta o
So HAEHAA &3 14 7](Daigger Ultrasonic Processor, GE750,
Japan)E o] &3t ISt ek 242 pH =4(35~40) & =+

g(100C, 5 min)gdtxx LA (3,000xg, 10 min)ste] Asd=
Sep—pak Cig cartridge® o33kt o] 5 15 mLg 3Heoj3}7)
(Ultrafree-MC; M. W. 10,000, Millipere, Japan)o] %o QA&
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Table 1. Isolation information, strain code and identification of Alexandrium
regional isolates

Sampling
Strain code Site Date Origin Species
SCPC0603 Samcheonpo 11. Mar. 2006 C -
GSW0407 Gosung Jul. 2004 \WY A. catenella
GHCO0701-1 Gohyeon 17. Jan. 2007 C A. tamarense
JSPC0701-4 Jiseopo 17. Jan. 2007 C A. catenella
JSPCO0701-5 Jiseopo 17. Jan. 2007 C A. catenella
JSPC0701-9 Jiseopo 17. Jan. 2007 C A. catenella
SJC0611-2 Sujeongri 09. Nov. 2006 @ -
SJC0611-3 Sujeongri 09. Nov. 2006 G -
SJCO0611-7 Sujeongri 09. Nov. 2006 (% -
SJC0609 Sujeongri 11. Sep. 2006 C A. tamarense

C, cyst germinant; W, isolated from water samples.



Table 2. Operating conditions for HPLC analysis of PSP toxins

Column

Zorbax XDB-Cg column (4.6x250 mm; Agilent Technology)

Mobile phases

(a) Cs

(b) GTXs

(c) STXs

Flow rate : 0.8 mL/min

1 mM Tetrabutyl ammonium phosphate ,

adjust pH 5.8 by actic acid

2 mM Sodium 1-heptanesulfonate

in 10 mM Ammonium phosphate, adjust pH 7.1

2 mM Sodium 1-heptanesulfonate in 30 mM Ammonium

phosphate, adjust pH 7.1 : acetonitrile = 100: 6

Post column

reaction regent

Oxidizing reagent

Flow rate : 0.4 mL/min

7 mM Periodic acid
in 50 mM Potassium phosphate buffer, adjust pH 9.0

Acidifying . d
0.5 M Acetic acid
reagent
Reaction 10 m Teflon tubing (@ 0.5 mm) at 656C in water bath
Detection Excitation : Emission wavelength = 330 : 390




4100 g of shellfish meat homogenize with a ultrasonic processor

4 Add 100 mL 0.1 N HCI and adjust approximately pH 3

4Boil for 5 min

4 Cool and adjust approximately pH 3

4 Dilute to 200 mL

«Filter or centrifuge to obtain a clean solution

4 Load the Sep-pak Cis cartridge

4 Centrifuge with a 10,000 M. W. Centrifuge filter device

Paralytic shellfish toxin analysis by HPLC

Fig. 2. Sample preparation of mussels for PSP toxins after the slight
modification of Association of Official Analytical Chemists (AOAC,
2000).
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3. Real-time PCR 7|9 & o] &3 A3|7+e] Alexandrium® AE

Aaiet B85 A. catenella (JSPCO701-5)2F A. tamarense (GHC0701-1)
5 77t A4 EE st TE buffergs #H7Fskar 100TCol A #<91 ¢ PCI
(Phenol-Chloroform-Isoamyl alcohol, 25:24:1)8 S H7}slar PAlE
(14,000 rpm, 10 min)3FAt}. 99.5% o &= 3 M sodium acetate (pH
5208 H7Id F 4Azkest WAS L DNA HAd& 918 -20TelA 30
F 947214000 rpm, 20 min)stH L 1 & 70% ol
o

S &7 50CoA A%X3a TE buffers: d7iste] £ Azt
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3.2. Alexandrium% 5 °]%3 <l Real-time PCR

23of o] &3 primere Alexandrium< 5.8S5 rDNA o] Eo]% o
Z HE&S= 58S-b5 (5'-YGA TGA AGA ATG CAG CAA MAT
G-3")¢} 585-b3" (5'-CAA GCA HAC CTT CAA GMA TAT CC-3')
(Galluzzi et al., 2004)& A}F-&3F9th(Fig. 3). PCR HE-g-94-2 Platinum
gPCR SuperMIX-UDG (Invitrogen), 50 uM SYTO9 (Molecular probe),
0.05 uM primer, =3 DNA, 32} S/F55 ol &39 . Alexandriums:
Eo]#<Ql Real-time PCR F3& =2lst7] #sl A. tamarense, A.
catenella®}t b/ 2] FHBZZFI Karlodinium  veneficum,
Cryptoperidiniopsis brodyi, Gymnodinium impudicum< 23 o]&3s}
ATH.

Real-time PCR Cycle2 95Co| A 103, 95Tl A 16%, 60CeolA 1+
7+ 50 cycle® FZ359 tHRotor-Gene' ' 6000, Corbett Research).

5.8S-b5'»
™ B - ~
SSU ITS1 5.8S ITS2 LSU
- \_ W,

45.88-b5'

5.85-b5": 5' -YGATGAAGAATGCAGCAAMATG- 3'
5.8S-b3": 5' -CAAGCAHACCTTCAAGMATATCC- 3'

Fig. 3. Organization of Alexandrium species rDNA and location of primer for
the Alexandrium genus-—specific PCR.
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3.3. PCR inhibitor

Aaieks o R FFs5 250 mLE A5 §F, GF/CE o3t
319 WHoz DNAE FEdtt. d@4si+A5 DNA FEoqd
Karlodinium veneficum DNA FZ4S 71 & KVEF2a (5° -ACA
GGT AGC GTC TCC AAC GA-3)9} KVR2b (5" -TGG AGC AGG
CTA CGA GTC AA-3) primerg ©|83}o] Real-time PCRS 33}
ATH.

3.4. Real-time PCR 7|¥ S o]-&3 R vte] Alexandriums AE
2007d 494 9971+ ZAafukel E@ st Alexandirums S &3}

71 98wl 1070 AA(Fig. DA A dF s+ girez
Real-time PCRS 339 . Al=% NERDIo| A A& ®EgkT),
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m. 234

1. Asrte] mpu] Ay A5 LA AL

1.1. Alexandrium%9 €333 X9 =3}

2007 3ol A 5Y7tA e vte] Alexandrium%9 &3 % FAMA
39 3090 A1} 2014 27k 25800 cells L '9} 19,800 cells L '2
HE UERRR, olF A thE A Frhste] 449 18¥el 2 7,500
cells L'9} 8050 cells L 71#4 Z718 & thA] 723509 o (Figs. 5, 6).
Tx 9] H5A4L 3¢9 209 A FANA FAR oskE HEFH U427
g STXeq. 100 g'1), 4T S/18el wel 5% " S8k 4
4 189 AA17 2014 Z+zF 4456 pg STXeq. 100 g, 2,868 pug
STXeq. 100 g ' 2 7h3 A #2830, + Ad =F 59 1995 H
TAA] o]ske] HAdo] YEFGTHTable 3).

HEgre] b FFEg e vl R SAE T OAAAA BT
Cl C2, GTX1, GTX2, GTX3, GTX4, neoSTX, deSTX, STX7} A=H

Ak 19 Cl+2 524 v = vt 44.38 mol% il 349 20

e
o

of 7Hd B AEE F AAHAo

_—

/b s Tonlgel Ak g

B
ol

o] 49 2694l 3500 mol%7kA YrolbHth GTX1+4e] A&EH=
30.43 mol%®E A ZAFIAE 1400 mol%= WA HEl ey 49 6
i 58.00 mol%7tA F7FatdaL, o] % 54 23¥el 9.00 mol%=
skt GTX2+39 AwHl& H 1 16.71 mol% 1L, 3¢ 209 3 =AM
M AEHA %o olF A Frhete] 449 264 36.00 mol% s

UERd 5 A3 HAsklvh MRS neoSTX= 349 309 ARl A

o,
e

B



10.00 mol%E YERH § HA 743, deSTX S STXE Al 5He
Al 716l 0.00~2.00 mol%= A HEF ATk neoSTX, deSTX, STXE
Z}zb Wt 3.23 mol%, 0.09 mol%, 0.76 mol%<] &R S vErstth A
H29] Cl1+2 HxA4 AEnlE Hit 3939 mol%E 39 208 A FAlel A
4 741(81.00 mol%)ol "l &l 2 53.00 mol%E YeEbWaL, o] & HA 7
a3ttt 59 89 o] & TUFSITh GTX1+49 AEHlE= Hi+ 35.09
mol% = 3¢ 20¥4FEH 4¥€ 20¥7h4 31.00~64.00 mol%= S 7}k aL,
59 23 800 mol%Z #astAth GTX2+39] A¥H|= Hit 3500
mol% $31, GTX6E FAMZIE B At xoz AEHAxn &

Ht 558 mol%Z EFSETE neoSTX, deSTX, STXE= ZHzt Hit 1.82
mol%, 0.14 mol%, 1.27 mol%2] A &H|E YERWL]

ZA1ZE Bet vhhlA dlF S4E S8txo]d C2, GTX3, GTX49]
o] Cl, GTX1, GTX2 F=FEH =}Oif A== 7|7kl C2, GTX3,
GTX49] gaFo] 7HAaslal o]of ¥hal [ Cl, GTX1, GTX29] & &o] Folx&=
HstE JEoh
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Table 3. PSP toxicity of mussels Mytilus edulis and abundance of the genus
Alexandrium cells on Jinhae Bay from March to May 2007

Stn 1 Stn 2
Toxicity Alexandrium spp. Toxicity Alexandrium spp.
(ug STXeq. 100 g ) (cells L™ (ug STXeq. 100 g ") (cells L™
20-Mar 4.27 1,200 14.13 2,900
27-Mar 110.21 850 99.26 800
30-Mar 283.30 25,800 47.77 19,800
06-Apr 1,221.92 1,850 1,411.20 1,600
10-Apr 1,671.06 2,650 1,345.22 1,400
18-Apr 4,456.01 7,500 2,868.57 8,050
26-Apr 1,731.47 500 774.04 300
08-May 358.84 100 178.54 100
19-May 30.45 700 36.65 400
23-May 27.24 350 19.47 200
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BStn 1 OStn 2

0 10 20 30 40 50
Toxicity (X100 ug STXeq. 100 g~ 1)

Fig. 4. Comparison of the PSP toxicity of mussel Mytilus edulis between the
farms in Jinhae Bay from March to May 2007.

_17_



S
en

(I /S99 000°Tx) £3SUIP [19D

N I
ot s EEOEODO
o &
5 N s
= /N B ]
2 i B <
& B T
5 2 SEE { o
_-+ R BT =

(3001/DaXLS 57001 x) LA3dIXO],

(olow) uonrsodwod urxog,

Alexandrium cell density (a), and PSP toxin composition of mussel (b)

Fig. 5. Temporal change of PSP toxicity of mussel Mytilus edulis and
at Stn 1. in Jinhae Bay from March to May 2007.

_18_



(I/S1199 000°Tx) AMSUap [[BD

[ un [—) W =)
e (g} (o\] v v un

—0— Cell density

40 [ = Toxicity

(3001/DaXLS 87001 x) £&31X0],

W STX

@ deSTX
O neoSTX
B GTX5

[ GTX2+3
GTX1+4
O cC1+2

.

19‘23

May

T
T Tr——
T

8

26

18
Apr

0

6

MR

Mar

20‘27‘30

S [—J [—) =)
] =] ~r N

(Yolow) uonisoduwiod urxo],

100

Alexandrium cell density (a), and PSP toxin composition of mussel (b)
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Table 4. PSP toxin content and composition of mussel Mytilus edulis at stn 1 in Jinhae Bay from March to May

2007
Toxin content (nmol g ')

Cl C2 GTX1 GTX2 GTX3 GTX4 GTX5 1neoSTX deSTX STX Total
20-Mar 0.20 0.25 0.06 - - Tr T Tr - - 0.56
27-Mar 0.37 1.08 0.36 0.06 0.11 0.89 - Tr - - 2.89
30-Mar 0.66 2.64 0.57 0.24 0.79 1.45 0.08 0.72 - Tr 7.18
06-Apr 2.33 6.20 4.58 0.55 1.23 9.90 - 0.31 - Tr 25.16
10-Apr 4.87 8.97 1.1, 0.70 1.19 13.00 0.15 0.08 0.27 - 36.40
18-Apr 11.12 21.06 3233 16.12 0.75 5.69 2.75 3.26 Tr 0.56 93.68
26-Apr 7.31 2.46 6.91 15,25 0.92 22 2.07 1.13 Tr 0.25 33.54
08-May 2.15 0.58 0.95 2.47 0.28 0.29 0.71 0.21 - 0.14 7.79
19-May 0.38 Tr 0.11 0.17 - Tr 0.09 Tr - Tr 0.84
23-May 0.32 Tr Tr 0.18 - Tr 0.07 Tr - Tr 0.73

.—, not detected.
Tr, <0.05.
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Table. 5 PSP toxin content and composition of mussel Mytilus edulis at stn 2 in Jinhae Bay from March to May

2007
Toxin content (nmol g ')

Cl C2 GTX1 GTX2 GTX3 GTX4 GTX5 neoSTX  deSTX STX Total
20-Mar 0.22 0.27 0.19 Tr - 0.09 0.07 - - - 0.92
27-Mar 0.24 0.59 0.28 Tr 0.09 0.61 - Tr - - 1.88
30-Mar 0.17 0.55 0.24 0.11 Tr 0.28 0.14 Tr - - 1.53
06-Apr 2.88 7.53 5.35 0.56 1.42 11.41 0.06 0.35 - - 29.57
10-Apr 2.79 4.00 6.66 0.72 0.96 9.50 0.08 0.12 0.26 - 25.10
18-Apr 437 12.19 23.39 8.66 0.13 3.7 1.42 2.16 0.02 0.38 56.47
26-Apr 2.82 1.46 3.64 4.61 0.10 0.61 0.78 0.52 - 0.12 14.66
08-May 1.00 0.21 0.43 1.19 0.14 0.15 0.44 0.13 - 0.10 3.78
19-May 0.39 0.06 0.17 0.19 - Tr 0.09 Tr - 0.01 0.98
23-May 0.27 Tr Tr 0.15 - Tr 0.06 - - 0.01 0.57

.—, not detected.
Tr, <0.05.
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1.2. Alexandrium< 3839 vy W5 =4

&g 319 14, HHE Alexandriums; 872 viulAg o5&
3.95 (JSPCO701-5)~144.20 (SJC0609) fmol cell’ o1, RE HelF

oA Cl, GTX1, GTX3, GTX4, neoSTX7} AZHUrt A x} 74
g BgFe FeARe Cl+291, 183 AHAE EFFE neoSTX,

14 FEFE GTX1+47F 8 Aol Art o] o= GTX2+3, GTXS,

deSTX, STX %ol HFAHEo= HAZHU AAE RIygF F
JSPCO701-5% ¢ vk 54(3.95 fmol cell )S UEFN L, FoARES
Cl, M EFAELS GTX4, GTX57F AE=EAh 23 AT BeyFs=
GTX1+49} neoSTX7F FoATo=E vt Tk FAHd A

Aol BAY. FFolA Aol =L Carbamated =4(GTXI,
GTX2, GTX3, GTX4, neoSTX, STX)+= 2.12 (JSPCO0701-5)~89.43
(SCP0603) mol% A 3L, GHCO0701-1 (63.98 mol%), GSW0407 (75.95
mol%), SCPC0603 (89.43 mol%)ol A= #l-¢- =& Hl&& YEWTH
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Table. 6 Individual toxin contents of Alexandrium regional isolates

Toxins, fmol cell!

Isolates Cl C2 GTX1 GTX2 GTX3 GTX4 GTXS5 neoSTX deSTX STX Total
SCPC0603 9.16 - 3.57 0.40 7.40 32.86 1.63 4551 - 1.59 102.12
GSW0407 5.84 4.53 1.41 - Tr 23.79 - 7.54 - - 43.12
GHCO0701-1 2.17 10.96 0.35 Tr 0.28 6.69 - 15.42 0.10 0.74 36.71
JSPC0701-4 18.70 54.72 1.74 Tr 0.92 14.36 - 51.29 - 1.11 142.87
JSPCO0701-5 3.75 - - - - Tr 0.12 - - - 3.95
JSPCO0701-9 8.94 16.67 0.65 Tr 0.15 443 - 9.95 0.45 0.14 41.38
SJC0611-2 32.06 46.89 4.63 0.15 6.55 39.89 Tr 7.06 3.95 Tr 144.20
SJC0611-3 4.52 16.18 0.97 - 0.21 7.44 - 2.85 Tr - 32.19
SJC0611-7 7.46 19.56 0.68 Tr 0.55 6.50 Tr 0.56 0.22 - 35.59
SJC0609 6.56 44.70 0.32 Tr 1.41 19.02 Tr 14.70 3.02 Tr 90.40

-, not detected.

Tr, <0.05.
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2. Real-time PCR 7|®H & o] &3 A3|9+e] Alexandrium® AE

2.1. Alexandrium% 5°]%3 <l Real-time PCR

Alexandrium%; % 5°]% 2l 58S-b3’, 5.85-b5" primer’e] Hk-g-

J
J|m

olds AzFstrl A A, catenella, A. tamarense W EF  £]ol
Karlodinium veneficum, Cryptoperidiniopsis brodyi, Gymnodinium
impudicum W FTE DNATH o2 AL8-3}o] Real-time PCRE A A3}
A tH(Table 7). ¥-&A 3} positive control(A. catenella. A. tamarense)<
Aegt & oA R =/ F kg5l #] ¢Fol, 5.85-b3’, 5.85-b5" primer’d

2 Alexandrium< ol W3] & SoldS UEHZ ASS A

Table. 7 Specificity of Real-time PCR

Species Phylogenetic association Amplification
Alexandrium catenella Dinoflagellate (Gonyaulacaceae) +
Alexandrium catenella Dinoflagellate (Gonyaulacaceae) +
Alexandrium tamarense Dinoflagellate (Gonyaulacaceae) +
Alexandrium tamarense Dinoflagellate (Gonyaulacaceae) +
Karlodinium veneficum Dinoflagellate (Gynmodiniaceae) -
Crytoperidiopis brodyi Dinoflagellate (Gymnodiniaceae) -
Gymnodinium impudicum Dinoflagellate (Gynmodiniaceae) -

-, amplification products not detected;
+, amplification products detected.
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2.2. PCR inhibitor
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At oW @ inhibitors A% ¥4 eithFig. 12). webd siwe] @
FAFAE 250 mLE Ao} HHEAL ol§aA ghobw 319

DNAFZWH 22 Real-time PCR F8 0] 7153} th.

2.3. Real-time PCR 7|®& o83 A3yt IFZJFA =9

Alexandrium & AE
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Fig. 10. The specificity test of the genus Alexandrium specific primer set, 585-b5' 5.85-b3’.

A, B; A. aatenella; C, D; A. tamarense.
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Fig. 13. Real-time PCR assay on environmental water samples in Jinhae Bay for detection of the genus Alexandrium from
April to September 2007. A, A. catenella (nested PCR); B, Aug. Stn R-7; C, Aug. Stn R-8; D, May Stn R-8; E,
May Stn R-5; F, Apr. Stn R-2; G, Aug. Stn R-10; H, Apr. Stn R-5; I, May Stn R-10; J, Apr. Stn R-3.
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Table 8. Detection of the genus Alexandrium by Real-time PCR assay on
environmental water samples in Jinhae Bay from April to
September 2007

Station

Month 1 2 3 4 5 6 7 8 9 10

8 - - - - - - + + - +

9 = - - == - - . 3 _ _

empty space, not sampling.
+, detected; -, not detected.
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V. 1

m}‘.':

1. A3jrte] wiul g S5 FA ZA

1914 Alexandrium:2 ) 25800 cells L' %3
EAe 445602 pg STXeq. 100 g o]tk AA 204E Ao 19,800
cells L' £d%& HERIIL Ho) 542 286857 pg STXeq. 100 g ' &
2 A1 vusgls oW @ FHN 540l BF WA YEETth oF
I ZEfRke] Alexandrium& e =9 @0l S5 SAAE S7ste A
o2 AlFHETh 1990 ASIRE ZALAE 4¥€ T+ HRJAAESY 4%
7 el wet @2 o] 54l F71ekSlal(Lee et al, 1992), 2005 ZA}
ol %= Alexandrium spp.7} =@ o] BoldrE HAFO SAHAE F
7}&F S TH(Shon, 2005).

ShAIRE, @] mhH| A s B AJAER]D Alexandrium €]
Zheb WREA] T A7 EdEA e Ae® Als®th(Figs. 5, 6).
Alexandrium%9] Hd dF2(3Y 30d) FA9 Hd 53 27144
18 E T o 354 = A yEuton, o] W ©x]e] HAd2 3F A1 A(80
ug STXeq. 100 gheldt oAU HA F7hs= A7k ol F
Alexandrium% 9] Q%2> A S7Fetlal, d%F9 7o vl e st
G219 BAE ZF718 T Chang et al. (1988)8 19871 wmhal %]
A owkelg wlRF 53t AlFE & oF 79 S Protogonyaulax

T H537F AEHA

N
et
off
ftlo
T
o
<9
Rl
A
i)

o|N

catenella (= A. catenella)?} 33311 mv|A

é*’.:



o AFEE of 5AAHALE Fo| AN Eo] A AT HsHS T
3 Nishitani et al. (1984)& 198133} 1983y w9 Qurtermaster
ol AFHEAY =AY A catenella® ABBAS FAE Ay}

19810l AT Aol Aol FHad st & A= A, catenella

o APl Aujo] Euson 1983ddE U] FAT] 4
gol =2% F S0l Aol wustel AAMFY FAFH AF

A, YAAEo &) AAEE 11B-epimer HA(C2 GTX34)E =
el Aol A
2 A3 AH(Oshima, 1995; Bricelj and Sumway, 1998). T3 Z7/1F

Adel A48 545 F oJddASae] A8 dufdAM =33 =3

Adubyg o 2 - " E - 1la-epimer 54(Cl, GTX1,2)

AdrE AASAdd A F2 e ZIHFe 22 YoM i
ostAY stekAQl wkgo] o5 =Adseto] WAt dEA Utk
(Shimizu and Yoshioka, 1981; Sullivan et al., 1983; Anderson et al.,

W

1989; Cembella et al., 1993; Bricelj et al,, 1996). ¥ ZAlANA = F A
AR @A 53 AE Aol e o] d @AY S| HEE
=37 A2 E A 11B-epimer 5427F 1la-epimer 54 H] 3
H &2 Yelytoy Al5o] AP s HA 1la-epimer 549 HlEo] 11
B-epimer Bt} A} = A UERS

A, STXE= Z/F AlFol &gd 2 Hl&o] F7ketH,
(Oshima et al., 1990; Sekiguchi et al., 2001) o]+ A< A3} - 3
HEg-o o] &5+ glutathione@} 22> EE(thiol) 3}3t=2 WHg-3to] wf
HIA )7 52429 11-O-sulfate FE=AGTX)EZFYH  AAASAT
(Asakawa et al., 1987; Sakamoto et al., 2000, Sekiguchi et al., 2001).
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oAbl STX= AR 104 3¢9 30¥4 3 49 69 v EFo= yEd
As Aeletd, A=se A7IFEH AEHAoH, ol GTX1+4¢] H&
2 Ader #Aasdrh ol B2l 98 11-O-sulfate =A<
GTX1+47} STX=Z A Hgd Aoz Abgey

Aaiuks Ekel Jafjor 5x9e] A, catenella 2 A. tamarense 3T
— 3.95~144.20 fmol cell 4 =35k2kS e, o= Kim (1995)3}

Kim et al. (2005)9] ¢]3] ZAtE Aawe] Alexandrium? 2259 =
HaFat ARSI T
WA o2 Alexandrium%-> A A2 FE JfATolg =

1154

>

rlo

3

3tk (Boyer et al., 1987, Oshima et al., 1987). & ZAlo| A ZFafvke] 3
G BE EEFolA(JSPCO701-5. A<) C1, C2, GTX1, GTXS3,
GTX4, neoSTX7} sL3Al A=A, GTX2, GTX5+= wH#Ho|AY
AZHA &+ 5L 23t vt STX+ 1@ AAxe 2 Fo
AR AEHAL FZYY EHFANANE oAU AZHA Fof
STXl 93t M= v& SF2A4S 7HHe A7t S99t o

2L Aeirtat gAs i v, GTX30] AE=HA &%k
A AHRHES BEF e C27F AEHA &2 Wb GTX29 GTXS57F 4
= Hof Halnte] YT 524004 AelE dERUTE AL (2002)2
Asnke] Aot A EFolA FUE dolx= GTX2 ¥ STX9

Moz HAHI, oA o|d A9 el AT Ao Fhe

sty BE BEF 5240 Cl+29 vzt 7B =kow,
A Mzl EelF7F 48 el HlE neoSTXEY &8 7F =4 o
ok vbH Ay A ¥ B W59 carbamateAd 549 H]
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2. Real-time PCR 71 & o] &% A&7l Alexandriums AE

H Ao A= Real-time PCR 7| <& o] &3to] Alexandrium%<S 3

FAFARAA Folgelm A&sl AEFT & Ut S Awag

L
ftlo
M

t}. Alexandrium? 50] %<l 58S-b5’, 5.85-b3’ primerd] Eo]A
Z3t7] §lske] Rafnko A 28 sk A. catenella®t A. tamarense Y%=+
oF 71 ¥yl 3F 9] HEZEF DNA 8-S AFE3te] Real-time PCR
S AAFA AL, primer A& wke]l Alexandrium ¥ YTFE Al Qe o}
& SR xFe vhEehA] @of 1 SolA o] &AW At Galluzzi et al
(2004)¢] dAFoM = ol&golrt A catenella, A. taylori, A.
tamarense, A. minutum®t 1 2| S}HEZ5F
gk primer®] Sold< &<l sttt

4, @Al sds 5 PCRe Belst= #7] - #718d& £

et al., 2006, Zhang et al, 2005). 5§38 &5 Al&5% A €4H(phenolic)
I} BAN FEE5IF 2SS PCR WaedxE xgsta 9 th(Wilaon,
1997). Rafut A=A 7ol 250 mLol tha PCR Wajelxt=S sels)

7] 98 A& A5 DNAFZ=N Karlodinium veneficu
4

3
ftlo
k)
N
N
ol
ol

o] Real-time PCRE AA|g A3} o] X A= ot Wadxe

’

AZH A Zodth(Fig. 12). meEpA] 2 Ao A o] 83 DNA F& Wi
2 zanke] @8 FAE 250 mLul Waidabe] dFgS WA v A
o2 Q% o] Real-time PCRF3 o ©]&st i 4A&s dAF|TAI=
W Alexandrium= 2] & 7FsstAtt

20073 4€9HE 9¥97bA Real-time PCR 71§ ©]&3te] H&nte]

Alexandrium%:2] d& ZASE A3 449, 59 183 8¥ 9 A=
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)

oA Alexandrium%:o] HAZ % JAtHTable. 8). 493 5de H=E
Alexandrium=> 5732 swke] wpujyd sfs Aol Al HEe Had
Fo 72 Al HH(Lee et al, 1992), 8¥o= F&2 oA 2o A
3t Tow AdHH(F T, 1999) Alexandriumo] A&EE o2 Alsd

.

=

==

J|m

o] Al genetic markerg ©|&3% TAAH HEL FHEHTH O
- fFAbste] AR o R A TS shr] o Fol dI B
st wE HEFo] 7Fs3hH (Muller et al., 1995; Mauchline et al., 2002;
Zhang and Lin., 2002), #<*°l= Real-time PCRS @)Ul 3l 4
ZRAES HAEstd ol &3t Utk Galluzzi et al. (2004)2 ol&g o}
AFAFAEN A minutum® A& HES RS AT v I,
H <+ Kamikawa et al. (2007)2 A &u| Alexandirum FRAEXAE A=
stal J=FstE AAIg vE Qlth g oo I REA it R e #H AL
dgs FE JUARZEF Pfiesteria®l 3 HEANZ o] &3At
(Bowers et al., 2000; Saito et al., 2002; Zhang and Lin, 2005; Lin et
al., 2006).

B Afo s A ASos ety dFslFA gl vl
A s A AAFQ Alexandrium? 2] Real-time PCR #H&7]WH &

AESAT. e o] AWe olgd BRI J& GUe 94

N

=

fllo

A= Aekstel SYT09] Hl&] Eo]jAlo] =& Tag Man probeE o] &3
HHH (Bowers, 2000), A2 W FHIEAS] A& A3t So] 7w o]
of & Zo=z Az}
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V. 89

o~

id mhejAg g s B ® IR Fgo] X H = evs oA
o7 gx9 vA d5 AT Alexandium 5o A AMA L 2
¥ Real-time PCR 7]/W¥< o] &3 dAFAA 545 W Alexandirumss 2]
A& A& WHS Al=d Wekth AlexandriumZ 9 23S 39 30
Ao G137} 2004 z+z 25800 cells L'¢F 19,800 cells L& HH 4
i, ol F Aad vg A Frhete] 49 18Ul zhzb 7500 cells L's}
8,050 cells L7474 713 F oAl #askeich @4, 9§49 5428 3
9 209 A ZAFANA FFAA ol R HE=E A 2427 pg STXeq. 100
g ), 49 189 AH1T 20014 Z+7F 4456 pg STXeq. 100 g ', 2,868 ug
STXeq. 100 g'o2 AW ZFFo pjehin, & 44 =5 59 199
ZAMRE FFAIF olske] FAe] AEFHALE A el FAAE AFHH
o vl #HE SA£E F AEAACl, C2, GTX1, GTX2, GTX3,
GTX4, neoSTX, deSTX, STX7F =5 th 3 2 ZAldAE Ay
Al Sae o AT Sxgu|7F wstetdtt HR® =3 X dE= 4
4 109714 11B-epimer’t =& HlE&S e oL Al5o] 2ldx= 44
189 2-¥ 1la-epimere] H]&o] Az} =71ttt Dalwt 329z
X Alexandrium% g9 vl #5538 395
(JSPCO701-5)~144.20 (SJC0611-2) fmol cell ' o] 9, RE EFo)A
Cl, GTXI1, GTX3, GTX4 neoSTX7} #Z&9 A}t JSPCO701-52 A €]

@ Aswe] PeFe FaARA §48 S24e wyn

1

i

vk XA X ANAToZ AFHEATt, Alexandrium% S A

5 =
Asie WgaFol PCR Wl As Belet A of el 250 mL
=
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primer< ©]-83Fo] 2007 4~9¥€7tA] Hswke] 107 A HolA &4
TFAEE Yo Z Real-time PCRS 33t 23 Alexandrium% 2 4

4, 54, 84 A=A
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