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2 o H A= Ao A thddt 23 A8 A %%9}%_‘15% Alexandrium  catenella(Group 1)2] 273} A win] A =j
=9 ﬁc}%k% ZAFSEA T A catenella®] &7 A HAAAGE ZH2E 20~30TC - 20~30 psuRl oW, F2AAH FAAFOE YERTH 4
catenella’= W& T2 FIHI0TS} 15C)A 5F 540 27 vYelgton, o webs o7t 24 okt waha 15C°16P94
F2oA B FF9 e AYHd EAS M FEGHEZFIE A, olmdFE wEA 5348 steAdel Aok FF
catenella®] Z@| WM& vpu| A 5 Gz B E A8 ot FAWAS WE A catenella®] THE Tk FR AR o] vl 3 F & 3ol EH??}
A7t ¥ Beg Ao s woH

HMEO| : Alexandrium catenella, 52, A%, A%, v o &=

Abstract © In this study, the variability in paralytic shellfish poisoning (PSP) by the toxic dinoflagellate Alexandrium catenella (Group I) was analyzed
under a variety of water temperatures and salinities. This dinoflagellate experienced optimum growth at temperatures and salinities of 20~30C and 20~30
psu, respectively. These findings indicate that A. catenella is an eurythermal and euryhaline organism. High toxin contents and toxicities were observed
at low temperatures (10 and 15°C), where they were associated with low growth rates; salinity did not have any significant impact on toxicity parameters.
Therefore, it is likely that 4. catenaella contributes to the rapid intoxication of commercial bivalve when temperatures are <15C. To better estimate
PSP caused by A. catenalla, we suggest that the influence of various environmental factors controlling PSP should persist with other 4. catenella stains

and commercial bivalves.
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1. M 19861 Ak Ao A A wieel] 2o 9= T3S U

Al 1178 9] PSPE5 $hxp7) WhAYs g o, T15 21 o] ALga)

S-Zuele] vle)Ad vl S (paralytic shellfish poisoning; PSP)S 12, 1996k A AANA FAEEo] WatAlol] F-2H &

FARAQE 9 Hagk Tl A Ak Faer sl o R g S Ha 2wo] AgEtE 5 RS EAVF A EHH R
I ATKNIFS, 2016). Tl =0] ojujuFo] S3}o 23k T  LASFL ATHChang et al., 1987; Lee et al., 1997).

2 254X 7} vl ALEa Qo B3l B A PSPES F=2 F98= dlexandriums 1970\ Atiol] F= 1]
A A3 ¢tk (Nam et al, 2020). PSPol| &8 F5 At =, f§9, ¥ 2 S5 T UF-E Sy oo

P 2d vl AR oY, HZde A AAle] &9
&35}l 9l tH(Wang and Hsieh, 2001; Anderson et al., 2012;
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Rossini, 2014). =] Aol A dlexandrium 42 A% &7 1.
= 1978991 Ao 2 A Lo (Cho, 1978), <F 204 F

oA S-ElUetill A= A catenella, A. affine,
A insuetum, A.tamarense, A. minitum, A. fraterculus 5 °F 691 &
o] &3t o= d#l A4 ti(Shin et al., 2014; Kim et al,,
2017). 20001 %= ©] 5 Alexandrium spp.©ll ©] 3+ tikAjo]l Hx}
7Fstal = FAMo) ™ (Lee et al., 2017), 53] F5 9HE

9 Alexandrium &5 =

o
250 S PSP A AAHOE AR wAlst AF FA9
o A7 FAS RPN 1

S-Elugell A= sl PSP ‘ﬂ?l &2 Alexandrium catenella,
A. pacificum A Gymnodinium catenatum©] | 2k
o &gk ouj gl F PSP= AAZHA Bzl ® o] glow, o
F-5-0] 4 catenella®} A. pacificum®] UJFOZ HE A Q)
FHA EAAZEA HolHE AFESIe] &9l A tamarense
O} A. catenella’= A. catenella®} A. pacificum .2 XA =
t}; Shin et al, 2017). °]E ¥ HZxol| Fole WEZ A%
ot A2 ZEARE B2 AT dEve R o] nf i F
= 5342 & gle] 971 P2 STHON et al, 2012).

SHH, Alexandrium 4572 Z=(light intensity), $3(salinity),
< % (temperature), F ¥ (nutrient) 5 E2]-3}stH A QA
WstE A 9 PSP AAbe] AAHH, o]g e Q4 E
o] B2 or Ahgsto] koA psprt WAstE Ao R
A 9 E]—(Oembella et al., 1988; Barbera-Sanchez et al., 1993).
Fee & doll #olate] dwtHom Fo] AFFatd
A g e Z7}i A = S 7FsH (Epply, 1972; Davison
and Davison, 1987), ~0°] W& W& AFELE7} sholx
HAEET7 =A7] Wi AE F Sses S |
CH(Navarro et al., 2006). =3, W& =20 A= PSP2] A&
Al k271 (Arginine)ol] o] gk Wi A o] wrolxar ¢
o] o] ob= 7] U(Arginine)e HiaEA AEE Edto] PSPR
2L tH(Anderson et al., 1990). P& A HTEd3 2
F3k Aol glo], 343 A W3 o] F(advection)?} T}
ZHdiffusion)oll 98l A E7}F A= Fas &ﬂﬂ 7=
s, 934 Eu AlxE AAE g
S mH thBoney, 1979). 3 A& )3 Z"l ik t”H
7h gh=27] el s A4 Tos uEA He, A
&% 2] 7F YERY PSP AJAtell 9dekS 57 th(Laabir
et al, 2013).

webA] 2 ATE BAHAE A o R A Ee ey
9] A. catenella (Group )= o]%@].o:] PSP AJAkel mA|=
I Al S AU GAE S Foke] A ESITH
3t A catenella®] WE o] UHJH °] PSP =3} 7lsAE E9
skl ot

, G. catenatum

B Ao AFRE A4 catenella (KNU-YS-01)= FH54k
?%%L%Qif%Ei e TS ARSI o, Al
£ 20T A 30psucl] AT T Hitel] whE

A. catenella®] A7 W3l 548 vietsly] HOHH g A3
7] 371 MEE Y EekaTe] HEste] 9F 30psu 23
sl 4wk 2% 5,10, 15, 20, 25, 30C 9] 69-A], W% %
20C 207 G/ 15, 20, 25, 30, 35psu STHAON A A&
5 s 9E 242 wA] A ARS-E gl <]
71 ¢F 34psucl”] wliEol] 15~30psus ©|2n 355 A}

1

bol zstROv, 35pus Al FUAA &S

. 02 o2 oo o2 K
ols
0

T WSl W ks HoS wiAlsy] A8 = 20T,
A 30psu 2L 200 pmol m? s'ol] A} vl Ur(pre-culture) S
3l & =4 7] (exponential growth phase)e] A EE A& 25

o} 35psu®] W]l o] Aate] wikstgitt 12| AL 25 psu HiA]
o] MEZF 871l As W thA] 20 psuE o] A8kl o
™, 20psu WA O] AT 710 AIEE TRA] 15 psui
oj2ate] it Wslel wE A oA FFES Hdig =3
2 20T WUE AEES dFol 1TH 2=

sto] Z}7ke] EmEuAle] =UAZTh 1 % 29 K

27 10A1°0 in vivo chlorophyll 84 3ts 57433t
= (specific growth rate; p)© WAL E Hole &9tke

s olg3te] vk Al o3 ALtskadct.

f
03”: i

ot oX o olN
o A ool o

At''N,

A 745 5 (specific growth rate; day™)
No, Ne A7 oA 2719k tA ZH(day) 5
At: th=237%7] 713t (day)

o Bk

B30 ME Alexandrium catenella®| D[

N3] g AR ARE 42 Fet o

719] A. catenellas 944 l"f:r?] oF 3000><g, 10

min)ato] FF NS AASIAL SRFE AHE FH, AxF DA
2] 3k} 21 5 pelletoll 0.5N o} A E 2(acetic acid)S &5
A7beaL, 20Tl 24413t YE et e § 259
712 v star, 9AE2](10,000xg, 10 min)dte] 5 S
EH etk 233 A5 A ko] o 317 (Ultrafree-MC; M. W.,
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10,000, Millipore, Massachusetts, USA)Z < Z}a}5 31, Aozl
Al &+ High Performance Liquid Chromatography (HPLC)Z 4]
a3t

HPLC £4]-& <A A= (Hypersil GOLD C8 columm; 250 mm
x 4.6 mm; Thermo Scientific, Massachusetts, USA) 2.2 7+ A&
8 & periodic acidZ AM3IAA HHFFEAS WHE oS
FFAE712 F2A 3= post-column H 2 ©]-8-3} %1 tH(Oshima,

1995). FAlol A}2% FF=A+E National Research Council
Institute for Marine Biosciences (Halifax, NS, Canada)oll 4] %k

o, FME AR SFEe AF5A0e] Ad WAHE
BE AAsIAth T3 S5 (fmole cell)S 54 (STXeq) -
2 83171 984 Oshima(1995)7F A3 toxicity equivalent

factors (TEFs)& &-8-3fo] 7|4kl Sict.

3. g1t ¥ @

3.1 £21 H& H5l0| M2 Alexandrium catenella 2l M4zt
&g

2o WE A catenella®] BES B, 10TAAE A =

717HEt ARG sHA kAR, vy A 2o A=

23k A S THEFE 1), THE 10T E 2 2EUA

et AEEEe] FHaE HolA %‘9}9_“1, 5471352t

3 AEUEE BT 3 15T A9, o2 52 +

th= Al Ee] F77F whE ] gkgton, 30TE fr=

H LA AAARE 6 $HE Agst7] AlFsklth A

7& o] AAEEE 0.00~023 day' oI, W AF

rlr 4

0~15C 310 4(0.00 ~0.09 day') 223 20~30C
ol 1L 0.19~023day' = UEMGTE F, 2 AFolA B
A catenella FF(strain)i= 10T~ 15CoA W& A5

B O A AN O O P A TSI e

=, 20~30ColA v A wE AAELEEE Hols Zog
A& 4 AThHFig 1).

ol WE A catenella®] A4S B, 15~35psu7}A] A
ol A AGE sl o, 35psullA BlaLA Aol =g
APEAA R, Yo 2] P A= & zpo]7F YERA]
ZdrhFig 2). A T AFEEE 0.16-0.22 day' Qo
15 psut 35 psucll Al 0.18 day '} 0.16 day' = W] % SFLX gk,
U A] Fhe e fARE AREEE BSITH0.20~0.22
day'; Fig. 2). %ol i A catenella’= A2t A
=4 7hed 9N Tow AAEh

2 AddA 229 HA 23 G2 20~25T9 20~
30psu= YERStOoW, B Y FElEl FFet vuE sk
(Table 1), G AR ol 23 A tamarenseSt A<
Ao R FW7he die] TFET HAA 52 TN A
48 s Aoz yeigon, ginteA s Tt 1B

rinaoﬁmm o N rlo O R od
M

é-ﬂ

B 27 Alexandrium catenella (Group 1)2] vhu] A 3l = AY4kol

A e duel 9%

U= 9e oM AP 3k sl o2 B Oh et
al.2012)= WA Ap7)21 443 599 A9 A catenalla

7}, 68 A catenlla®} A. pacificum®] E3F, TS A. pacificum
ol $4 @ s AE Huade, ¥ ATIH AEH F

ol ool e AP Ae) 2aolghE, 15 1580
= E3o] 715 Ao w Ho, 693 79 = Alexandrium®]
=3 Aso gk Wl HE7 dQs Ao Helth T
@ 793 o] Bae] ¥ A7IAAE B o] A
e el HE e Hel ol HuHel AuHz
AL 7 O AEZHIERL AEA A 583 9F
o A& Aoz HohET)

=

5

2
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Fig. 1. Growth curves (a) and growth rates (b) of Alexandrium

catenella under various temperature.

3.2 -’?-EJ'-P S HaEol| ME Alexandrium catenellal OHH|A
= 2
= ="
oA BEX3 A catenella® 7BF, FLAEL

N-sulfocarbamoyl =43 1 N-sulfocarbamoyl gonyautoxin 2+3(C1+2),
gonyautoxin 5(GTXS5) 12]3l carbamoyl &4 .= gonyautoxin
1+4(GTX1+4)$} neoSaxitoxin(neoSTX)©] ™, T4 H-LS carbamoyl
54191 gonyautoxin 243(GTX2+3)°0| At o2 B Cl+27}
60 % ©1’3S Ao, HlaA ZF5 02 Mol neoSTX
% oF 10% AEZ UEFTHTable 2). Th2 £F9] BxA4S
R (Kim, 1995; Kim et al., 2005; Hamasaki et al., 2001; Yoshida
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et al.,, 2001; Ichimi et al., 2002; Jiang et al., 2013), T3]
TRl Cl25 C27F tii- ol 121, saxitoxin(STX) <}

neoSTXE Z£FH R 2ol vEldth GTXAIgS i
GTX1+4% GTX47} LA F0]9 AL, GTX2HBE T+ HE &}
ol YA, Ui PR B AFoA ALES F
o} 2 AholE BolA ekghr.
100
—|—15
—D—zogiﬂ (a)
—8—25psu
= ——30psu
_g 104 ~*35psu
o
S
e o
(&)
g
=
5
0.1 i
0 2 4 6 8 10 12 14 16
Da
0.3 B
(b)
%
g 024
[0]
®
£
5 0.1
0]
0.0 ' ' ' ' '
15 20 25 30 35
Salinity (PSU)

Fig. 2. Growth curves (a) and growth rates (b) of Alexandrium

catenella under various salinity.

B, A catenellal A o2 AFEET e 10~15C
TFIHAA 71 2 58413 ~416 fimole cell) o2 B H]
om, AAETIL =20 20~30T FIHolA 7FE e =3
(147~ 160 fmol cell)S YERN ATHFig. 3). F54 (toxicity) 2
HE B, 4 catenella= 10~ 15Tl A A 0] %<& neoSTX
o] FgFo R =3ty nlaste] of suiAE 20~30C T 1HE
th A Vel thEg 3). d¥HA o R SEEE AT B
o] 714 FAHQRN(FL, i, DT e AFEE
o] W3tz ZElx ™(Anderson et al., 1990), &L=} 55
= dEe dAE e AoE ArdE o] ghth(Proctor et
al, 1975; Ogata et al, 1987). W F2o X & w@ild 3449
Atz At ofm it UFQl ol2 7| (arginine)d] F7HE
7Y Al ww, A= PSP el ARgE AL dE A 2l
(Anderson et al., 1990; Hamasaki et al., 2001). H38F, W 2
2 G484 JFS v A= AR YA E GFS Fof A
rUle] FAEAR o] Yolx A FHa,

e

247

Ueldtls A7 23 % 9 tHGedaria et al., 2007). Wb, W
O Foo A AFEEI} e A catenellas T ZA SHA] 9]

Atz Q1% PsPe] AEAQ of27|de] SR £ =
TS vepithE 71Ee] BaEdt AA8glTh

Table 1. Comparison of optimal temperature (Temp.) and salinity

(Sal.) for growth of the various A. catenella strains

Temp. Sal.

Area References
(C)  (psw)

. 1622 30~35 Lee et al. (2005)
Enlrla: Bay, 15 30 Lee et al. (2006)

ore 15 30 Oh et al (2012)
Hiroshima Bay, 15 30  Yamamoto and Tarutani (1997)
Japan 17 25  Hamasaki et al. (2001)
Mikawa Bay, 15 32 Yamamoto et al. (1995)
Japan

Southern Taiwan 28 - Su et al. (1993)

Eastern Coast,

Canada - 15-23

Prakash (1967)

Yeosu, Korea 20~25 20~30 This study

Table 2. Toxic profile (mol%) of toxic dinoflgallate Alexandrium

catenella

Toxic components A. catenella

Cl1+2 6L.5
GTX1+4 9.97
GTX2+3 0.17
GTX5+6 18.1

deGTX2+3 0.00
neoSTX 10.3

Baek et al.(2020)2> 201733} 20183 2] AA QdZa| 2 4.
catenella®] & &A 3} AFF X (Mytilus galloprovincialis)®] = 343
AE A8 o, ddg20] 12~15TolA T2 PSP
9] EAJo] 7]5%(80 ug STX diHCI equivalents 100 ¢S %
shalom, 15CallA 7HE %2 545 dJERlthar Bast
Sl &gk A3 Zo|(Table 1), 2] 4. catenella™ 15C
oA 7HE HAAGS Bol7] witel, wE o]E el wet
PSP FHgFie Ml A vhepLbol SRk, @ ke] o ml sl
o] PSP HA S ;2 15Tl A A VERN Y] wiof], ¥
ATolA AHES Tk Z2 AR EAS e FF

7b ZEIGH, ojvful RS WEA 531 Al 7hsAdol 9
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Fig. 3. Toxin contents and toxicities of Alexandrium catenella

under various temperatures.

Cembella et al.(1987)% 5 FARZFE Alolgt o|mslF
T W pHOlA 7RSI R G EAEe} thE H A o] e
Witkal R asksic) A4 PSPAE 5 E<H 3 Nesulfocarbamoyl
E(C1+2, (34 133l GIX5H)S 7HAE 59 zqges
olu | 77} Aol sHA ¥, A A gko] WAYsle] EAdo] 7}3k
carbamoyl = 713+ Uh(Asakawa et al., 1995). =, N-sulfocarbamoly
S ARl Be f5 gHRERIE EASY &g Fol

S4o] JrjPE, ol A% 542 el B8 7

A Sieh e REETAES ARl Sl @
Ag Asins) s dAe) Arsh gol fEstuw
9 AR BE AT WY ojE, £4

o debA = olvjul el H4E A HlaLar

o] 3l

A Bay

300 60
[ Toxin contents
—— Toxicity

200+ 40

100 - t 20

Toxin contents (fmol cell")
n
(bex1s) Auoixo

15 2‘0 25 Eb 35
Salinity (PSU)
Fig. 4. Toxin contents and toxicities of Alexandrium catenella
under various salinities.

AEWAsl WE A catenella® FFHF W3l AEHY
(15 ~35psu)ol A 22} 147 ~ 211 fimole cell' S 7FA1W §-2] 3k 2}
o] 7} VEFA] eFhtht-test, p<0.05; Fig. 4). =4
AEZ Z 2Fol7F LA B(t-test, p<0.05; Fig. 4). A3} PSP

Alexandrium catenella (Group 1)9] vHH| A=l 5 A 4kel] w] X

A A= d@sTrer A B4 o] Fobxitke At v
2 dolxivks A% F, AiEs A3 EEEo] 9l
Parkhill and Cembella(1999)°l] 2]3}H #<I4d F2 A catenella

(Y2 4 tamarense)= S
ZFo] EAlo oS wx
&59] Aol & LHERY Y] ufiol
Ak e dRrws 54
i Awstel, R 52
ar sklnh o) 9b A A 7= Laabir et al. (2013)1; B askgl
S|, gl FHASE F4o) Srkdrhn slnh, w
Aol SIS HAo] AAadthE A3 A th(Hamasaki
et al., 2001; Grzebyk et al., 2003; Lim and Ogata, 2005). =3+
HAFEEE BAY dEsEAA A Ss=7t M =
th= 231% QItH(Lim and Ogata, 2005).
oj¢} o] thgdt AE WSt wE G e
VA ZFY AA 3 2FEE e il é} A& B
4 E, Al 2 G & Aed F98 T e ¥
A4 F)oz Ay 4 2 tiLim and Ogata, 2005). ¥ &
ks =
A

o

P A3 FAAd T2 e GEEA (<15 psu)dl A
S AAEEE Holn, 532 i Wt A @
A FE=THA. minutum©] ©] Lgol 3}

& gl % 42T B9 B

Q%E]'(A. catenellaﬂ 0] J-E— | -1,;16]—

(A tamzyavamchzﬂ }

LE]—
C o fERREm, £ aTel fEal
W

ARZFE A catenella®) 7] W&o F WAl 15 &3

A AR 55 Holof shAIRE, AdE 3 HA 15 &

sl 54E Belvh wEbA Adlexandrium Fo) tdE AET
3]

o

=
=3heke] A= Fol whel &EkX] =(species-dependent) 543
o
=

Gk 91% ik o, g FUATE A4 Al

o =
T
By
rl F
JPH
D1"
r&
ﬂ
10,

E
Hﬂ
_}L

N
e
Py
(o
it
0%
&
it
v

EEBEI

O‘X]‘?}, 2t
g or EAE LA 8 2,

T WYL 53] nFe AEjott o= =gt ZiTJr ZE]_—O]
PSP2] & E-o] A (species-speific), & FF 50]%

ol uhe} v PSP B skaL Sl
o &3 f-Fugel A PSP BUHY 2 FEAIIHS 7|2
2 ol glow, HPLCE & & 717

:

Frede FAZ g A2 &

% jo
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