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Effects of environmental factors on PSP production of the dinoflagellates
Alexandrium catenella and A. pacificum and intoxication of wild mussels
(Mytilus edulis) in the South Sea of Korea

Ki Taek Nam

Department of Oceanography, The Graduate School,
Pukyong National University

Abstract

Experiments on the growth and toxicity of A. catenella and A. pacificum a
representative causative species of paralytic shellfish poisoning in Korea, were
conducted. Toxicity changes due to physical factors such as water temperature,
salinity, light intensity and quality were carried out in the laboratory. Growth rate
and toxicity change were examined under the following combination of
temperature: 5, 10, 15, 20, 25 and 30C, and salinity: 15, 20, 25, 30 and 35 psu. No
growth was observed with a temperature of 10C at A. catenella and 5C and 3
0C at A. pacificum. The optimal growth range of A. catenella and A. pacificum
were 20-25C in temperature. There was correlation with water temperature
change except that A. catenella showed high toxicity at low water temperature
(10-15C) and A. pacificum showed high toxicity at 25TC. A. catenella and A.
pacificum grow well in all salinity range and are euryhaline organism. There was
no significant difference in the toxicity change according to the salinity change. In
light intensity experiment, A. catenella decreased the toxicity as the light intensity
increased and A. pacificum increased the toxin content as the light intensity
increased. Light quality experiment was performed under fluorescent lamps, blue,
green and red LEDs, Both A. catenella and A. pacificum showed the highest

toxicity and toxicity in red wavelengths. Arginine, a precursor of paralytic toxic
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poison, 1s an amino acid constituting protein, and indirectly inferred the
concentration of arginine, a precursor of PSP, by measuring protein. As a result of
the protein analysis according to the light quality change, the highest protein
content was found in the red wavelength. Therefore, it can be inferred that the
high arginine concentration in the red wavelength contributed to the production of
paralytic shellfish toxins. In addition, these proteins are converted to the final
product ammonium when the primary producer absorbs DIN (nitrate; NO3—N,
nitrite; NOo-N, ammonium; NH;-N) in the seawater, and is used for protein
synthesis. Therefore, if the nitrogen content is high, there is a possibility of
promoting paralytic shellfish poisoning production. In this study, the toxicity
changes as ammonia concentrations at different wavelengths showed high toxicity
at high nitrogen concentrations. Therefore, it is suggested that if artificial nitrogen
1s introduced into the sea area where paraltyci shellfish poisoning occurs, such as
dredging business or nitrogen fertilizer, it will promote PSP. Overall, A. catenella
1s considered to be a species that contributes to PSP generation because it is
most toxic in the surface water temperature range in March when paralytic
shellfish poisoning occurs in spring. In salinity, both species are euryhaline, and
there is no significant difference in the toxicity change due to salinity change.
Therefore, the effect of salinity change on the toxicity in the general Korean
marine environment is considered to be insignificant. In addition, if the Ilight
intensity decreases over a long period of time, such as on a cloudy day, it may
suggest the possibility of promoting paralytic shellfish poisoning. Although the
light quality showed the highest toxicity in the red wavelength, in the general
marine environment, red wavelengths are the most absorbing wavelengths in the
ocean. Vertically shifted dinoflagellate may have minimal effect on the production
of paralytic shellfish poisoning.

Experiments on the change of toxicity of mussels grown in near Gwanpo

Port in Geoje Island began to feed as soon as the feed organisms were



administered. Toxicity began to increase after 3 days and peaked after 7 days. In
addition, there is a positive correlation between the presence of A. catenella and
the toxicity of mussels and the highest toxicity was found depending on the
surrounding nitrogen concentration. In addition, with the increase in the amount of
A. catenella, the toxicity of mussels increased immediately in 2018, but increased
after a week in 2019. In conclusion, A. catenella, which is highly toxic at low
water temperature, reached its highest level in March and May, but from May, the
water temperature rose to 15°C or higher, indicating that its low toxin content did
not affect paralytic toxic production and nitrogen concentrations in the surrounding
ocean not only amplify paralytic shellfish poisoning production but also suggest

the possibility of premature expression in bile after feeding on food organisms.
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AA Ed3taL A (Wang et al, 2005, Nguyen-Ngo, 2004; Anderson,
2009; Anderson et al,2012). =] A<toll A Alexandrium %9 Hzx =9
Hus 197849 Aoz dyAdq  glew(Cho, 1978),  oF 209]F 9]
Alexandrium < <olA @Y= A catenella, A. dffine, A.

insuetum, A.tamarense, A. minitum, A. fraterculus 5 °F 6] Fo] =39

te Aoz deld I Kim et al, 1998; Shin et al, 2014). 2000Y%
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S HE AoR AAR. w3 BE FIAS = AEZHaE A
of glo] "FAQl QiolH, FFAe A F WHkS oA ATP(adenosine

triphosphate) ¢t  NADH (nicotinamide adenine dinucleotide)E 43 3t=H)
3 A A 3l
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A, AEZGIELS A o] % (vertical migration)S E3to] Wo A7 ¥uk

ofyel Hef 4 wiste] %" 4 Ath(Ronaldo leal carneiro et dl,.
2009). T3, AAN)$F AP)E Alexandrium 2 Ao J&FS vzt
A dHA o, Aavt Bt 54 ES AT, Qo] AlRkEW
MEG S5403aS 7421 Boyer et al., 1987; Anderson et al., 1990a;
Marsot, 1997; Matsuda et al, 1996; Béchemin et al., 1999; John and
Flynn, 2000; Maestrini et al.,, 2000, Etheridge and Roesler, 2005, Wang



and Hsieh, 2005). webA], g5t Wz 9 o2 QsiAet=s v
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pacificum (LIMS-PS-2729)+= 747t H-4b A4t absbd 2 gkl o)t

e AFAREA TN Bl Aol ol g3herh wiFe] A&

i

WA= g3l ST E vteE o= 3 {/2(without silicate, Guillard and
Ryther, 1962) Hj#] o] ¥  selenium(H:Se0s) #HF5E=E 0.001 pMeo] HE=
A7vste] ARESAT Hl Y Al F23 AR 20T, 30 psutoH, FEFS
200 uymol m? s! (L'D = 12L : 12D ; Cool-white fluorescent lamp)o. &
A AT AFel AMEHE 7= 234 AESH o HE AdEr] 9
8 2-aeh-EE120C, 202 kpa, 30 min)$ ARESIGlom, RE AP
clean benchell Al 3] & ]t}

Ao o]g&% A catenella®t A. pacificum= AMIW (Provasoli et
al., 1959)e.2 st A7 st AM9 &3> dkhydrostreptomyci
sulfate(5 mg mL™), potassium penicillin G(3.5 mg mL™'), polymyxin B
sulfate(0.194 mg mL!), tetracycline(0.5 mg mL ™), chloramphenicol(0.05
mg mL 1), neomycin sulfate(0.25 mg mL )¢ 67}4 IFAEAS E3talo]
ZABEA T 24 well platee] ZA3 AM9 S5t v s AxdS 7;
7} 0.05:0.95, 0.1:0.9, 0.2:0.8, 0.3:0.7, 0.4:0.6, 0.5:05¢] H &= H7}

EQF vt ATh 2443 3 An A Stell A HF AlES AL AFE
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% 242
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J|m
o,
ftlo
5=)
12
ol
ol
N

EE #FsAd di 2de wj A Ao AFEE HEl ST oF A
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Aod 2T £oL 200 WP AXE 7o 104 LEE F7a
of Zzte] eEuAl] EaAA Aze Fen G @A gl @

AEE 300 ml M FZek==el 12 MAE 150 mlE T3 5 HF Ax
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Fd3s T 2d 1049 in vivo chlorophyll &33zks A3 ch Al FE 9
A& e (growth rate; W+ WFEAES Hole 7IF &9k €3 #%s o

g3kl the A (Dol o8l Axtatan,

_10_



=——In (1)

At N,

o

Ny : A7 A 2719 A EZS(cells mL™)
N, : A7 oA 217 39 Al ES(cells mL™)

At - =719 7)1 7Hday)
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DN
o
o
N
H
b=k
7
ogj,
(&
ot
2
5=
gl
2
S
Q
S
Q.
3.
<
5

%9 A% o

Feko] wE A catenella®t A. pacificum o BAEARES dotslr] 9
& F& 20T, ¥ 30 psu 223 300 umol m”® s Fol APAEYS
3 & A A7) (exponential growth phase) =719 AEE 3 =74 10
30, 50, 75, 100, 150, 200 &3 300 pmol m* s'¢ & WA= W% F
B(DH. TT10100, DAIHAN, Won-jwdl MZ57F ¢F 100 cells mL ‘o] =

T2 HArbeu AE Ure AL olE

L

How vl e Azl in
vivo chlorophyll 3334t S48t MEe A< E(growth rate; p)o

A A (exponential growth)S Hole= 7|7F w9k AB{S o] 831

o

T2 i mE A Ay 22 WHoz A(1)E ol&3td Ate
Aok B 210 AP triplicate® FHFALH, AFEEE o5 Fdyk
o2 Yetdltg &, e FE AHE e A gsto] ALeAt. WAL=
P2 #AAE= Lederman and Tett(1981)¢] =elS 7f =
o] &3t ALtstdtt.

r°“
X
dlo
)
@
o

Pt e — 1)+ (- 1)

(2

po: A A4 = (specific growth rate; day ')

W, - H WS E(maximum specific growth rate; day )

I : ##(irradiance; pmol m > s )

I, © 733 % (compensation photon flux density(PFD); pmol m™ s™')

K, : W3 3} (half-saturation light intensity; pmol m ™2 s™')
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o] W& A. catenella, A. pacificume 43E
A el A ZRFE £ 200 9 30 psu, F% 300 pmol m? st
(12L: 12D; cool-white fluorescent lamp)oll Al tFAE 71 7FA] A Al
F W<} FE(DH. TT10100, DAIHAN, Won-juwel 5 mL
F7F ©F 100 cells mL ‘o] H =% A7ttt gde] Fe
49 Z(fluorescent lamp)E o] &t om, GdIgS A
nm), 4 LED(25 nm) 12]il A4 LED(650 nm)E °]&3stath. &

9 30 psu, F#F 10, 30, 50, 75, 100, 150, 200, 300 pmol m* s’
Fo] o]E Ao =E FAG Az

AR

ke

¥R oo
off

A FHEHAOH HEF AFE

o in vivo chlorophyll &#%3tS =43}

A3t & el s Atk w4
.

Al
= E
W, AFEEE o5 Wigho= e

j
a-

off
=1

A

23S triplicate® -8 3F41 2
w22 #gE ghe A9

)

£

o] wE A catenella$t A. pacificum® S EAS dotdlr] ¢
A MAHAZRRE £ 200 9% 30 psu, F#F 300 umol m” s (12L:
12D; cool-white fluorescent lamp)olA WA 71714 AZAD F
200 mL W&t A Az A A3 s vtE e R g /2
A2 100 mLE F93 F JAF AEUE7}F oF 20x10° cells mL o] &
T HUbstdd. o] 3 Baadoz 33X (fluorescent lamp)
=2 ol gty o, ddgge FA LED450 nm), 54 LED(G25 nm) 18
I A4 LED650 nm)E °o]83tdt. & 20C, 9% 30 psu, FHF 50,
100, 150 pmol m 2 st Z@oA FaqEg o a3y T7)9 MES
T35t A AT

N
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2-2-3 333l WE Alexandrium catenellad T4 W3}
g stel w2 Alexandrium catenellao 4] @2 stapi s s dol
w17 $ste] wge] FYde Egudoz &3 X (fluorescent lamp)E ©]
g3l o, dduge JA LEDMA50 nm), =4 LED(525 nm) 18] 4
A LED(650 nm)E ©] &3t th(Fig. 2). AF&¥ m A= oA A5k 9
Y= nigro w2 ok JfEd {/2(without silicate) v A =, Wi Zet= 2~ 500
mlel 350 mlE FYs 3, HF AELDE7 oF 3x10° cells mL o] J &=
oAt A catenellas &3t 3o 2 20T, 9% 30 psu 1
3100 pymol m 2 st & FzAoA A vl (preculture) S AF F, A ZY
Steta e S B g A Lowry et al, (1951)¢] W
Mo 7 BA3om Protein standard solutions ©]-838te] TFgNS %
Askal, E3A k9l alkaline copper solution 5 mlE % 7tste] H&sHA &
starh 102%% = @ dS F=3k 5 folin ciocalteu® 1]+ 30+ 7F

WAsta A EFskAT. 3000 rpmellA 1027 94 BN F

—

UV/Vis spectrophotometerE ©] &3t 750 nm 3}Fo Al F3 =& 43
o FEE Tt
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3000

2000

1000

0 + + 4 .
300 400 500 600 700 800
Wavelength [nm]

Fig. 2. The Red, Blue and Green LED used in experiment.
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2-2-4 7+ Y IEYol Fxo| wWE Alexandrium
catenella® A% 2 543
Zb oA kol Ho]l wE A ctenelladl e A 2 S
st5 ol 7] 98te] A=A wl(batch culture)’dEolA] 2ES A A5A
ok kel AFEE WA= AK Q1T E AR o R ¢ L1 WA E AME-S)
Aom, Aads 7 R 1,10 pM] 294 s Ao w

v

& £ 20T, 9% 30 psu 283 FFL 100 ymol m? st (121 : 12D
cycle) sfoll Al A ATt o] 300 ml Wl¥Zet=d] kR o} 33E

3
A 150 mLel| AZE ¢k 20x10° cells mL 7 &2 HZE

o] H7bel v

ol
=

Atk 4 WL o)A P AFEE AP LT PHoer WY
AT RE A¥Y 2 duplicate® FHRoH, 4 S HIEHoE Y

Buglen, Bus ofz W ge BEA At
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2-3 Alexandrium &9 E3F A =4 &4

2-3-1. Alexandrium 49| UHH| 45 &4

kRl H 5 (PSP) & 24 8h7] A1d AR dA = deA8d7] $719 A

_I

catenella <+ A. pacificum= W& A4S & wjx AR AAZ 9ste] 94
#2(3,000xg, 10 min)ste] s ods A7stL SHF= AHE 7 QA A&
(3,000xg, 10 min)&tAct o] FHAHES 23] W& 3fo] B M E pellete] 05 N
Acetic acid® FH7bsba,  -20Cel 244 WERA F 29 337
(POWERSONIC420, Korea)E ©]-&3le] oF 15% rA S = 33]o AA g F,
A2 (10,000xg, 10 min)ste] &5 dES EHFAT EHT F5HES oA
7] (Ultrafree-MC; M. W., 10,000, Millipore, Massachusetts)ol o] LA £
(8,000xg, 10 min) F, & o3} ARE wpH]Ay w5 24 A74A -20To] &
skt (Fig. 3).

el A dlE BAS 98 7]7]9] 272 Table 191 YeR At PSP &
21 & Oshima (1995)¢] o] wlz} High Performance Liquid Chromatography
(HPLC)E AHg3tel #4389 om(Fig. 4), 9474 A= (Hypersi GOLD C8
column; 250 mmx4.6 mm; Thermo Scientific, Massachusetts)2. 2 2zt AE S &
2]3t ¥ periodic acidZ At3IAA dF FEAE WE U FFHPE7IZ A6
= post-column W& o] &3t B AFgE F =2+ National Research
Council Institute for Marine Biosciences (Halifax, NS, Canada)® #2419 Al &9
=382 (Toxin contents)< X FE5Aote] Ao WHH| 2 HE AXsl o™ (Fig. 5),
%544 (Toxicity)< Oshima (1995)2] =75 7} 4=(Toxicity Equivalency Factors)Z
o] &stol zt olJHAAEY] AFT #FH FFLFY woRFH =FHAH(Table.

2).
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Cell density - 80,000 — 100,000 cells

Centrifuge at 2,000 rpm for 5 min

Wash with cold distilled water

Hepeat 2 times

Fix with 0.5 N Acetic acid

Store at -20°C

Melt at room temperature

Sonicate in a 1.5 mL micro-centrifuge tube
Centrifuge at 10,000xg for 10 min

Centrifuge at 8,000xg for 5 min with a 10,000 M. W. Centrifugal filter device

Store at -20°C

HPLC analysis

Fig. 3. pre-treatment of Alexandrium catenella and A. pacificum cells

for PSP toxin analysis.
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Table 1. Operating conditions for HPLC analysis of PSP toxins.

Column

Hypersil GOLD C8 column; 250 mmx=4.6 mm; Thermo Scientific, Massachusetts

Mobile phases

Flow rate at 0.8 mL . min™

(a) C1-C4 1 mM Tetrabutyl ammonium phosphate, pH 5.8 by acefic acid

(b) STX 2 mM sodium 1-heptanesulfonate in 30 mM ammonium phosphate, pH 7.1 : acetonitrile = 100 : 6
(c) GTXs 2 mM Sodium 1-heptanesulfonate in 10 mM ammonium phosphate, pH 7.1

Post column

Reaction reagent

Oxidizing reagent

Acidifying reagent

Flow rate 0.4 mL . min!

7 mM Periodic acid in 50 mM potassium phosphate buffer, pH 9.0

0.5M Acetic acid

Reaction

Detection

10 m Teflon tubing (0.5 mm id) at 80°C in air

Excitation : Emission wavelength = 330 : 390 nm

_19_



Fig. 4. High performance liquid chromatography using
post—column oxidation method(AOAC, 2011) for paralytic
shellfish poisoning (PSP) analysis.
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Fig. 5.
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HPLC Chromatogram for A. catenella

KNU-YS-01. Standard means standard toxin

and Control, Blue, Green and Red mean toxin

contents of A. catenella grown at respective

wavelengths.
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Table 2. Toxicity Equivalent Factors (TEFs)

used to convert toxin contents in to toxicity.

Toxin Toxicity
equivalent factors (TEFs)
C1 0.01
c2 0.1
C3 0.02
C4 0.1
dcGTX2 0.2
dcGTX3 0.4
dcGTX1 0.5
dcGTX4 0.5
GTX2 0.4
GTX3 0.6
GTX1 1
GTX4 0.7
GTX5 0.1
GTX6 0.1
dcNEO 0.4
STX 1
Neo-STX 1
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2-3-2 Alexandrium catenella®] A THA o] 2 =X H3G}H

Alexandrium catenella®] 73 GA o] e SA4WH3E dolr ] ¢35t

F9L Byudoez 3 Z(fluorescent lamp)E o] §3k3lon, 7H7he
AEE HAT&H d&d 4sste 22(207C, 30 pswo= F=HS 200u

mol m? s! Z7oA FaAE AT AFEE A= el A A 9SS

2 ntgow 3 =Y f/2(without silicate)l A=, 2L wiFZet~=o 1L

o WiAE F43 F, HF AELEIF F 50x10° cells mL 7 HEE A

TAAT AE dro] =

chlorophyll 34 #< S43tdon, AYEEE T2 did "& A
© o

dad 2
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2-4 AR sjde] Tx]F9] ojy|X
2-4-1 R FDR|(Mytilus edulis)

© AEE A= AAA

_E, O.I..
J—l

o

[l

ot

|

fm
2

bal

g

I

)

i

LG AT Aok A 7

AtHFig. 6). 2 A AFEAY 2] *H 5

]_
F SAs Fdl AT A7) JhAE FRSY. AFEAA R 20184

ol

Az syt $HtE A5 1 mL= Sedgwick-Rafter chambero©l]
# 3t Fukuyo et al. (1990)¥ Shim (1994)¢] ®rHo uiz} 338k3 w] 4 3}

ol A Alexandrium catenella MEZE LWL E 54 2D AF35A )
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 — -
126 12re 128°€

Fig. 6. Sampling stations of mussels in gwanpo-port in

Geoje, Korea.
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2-4-2 Nt A Fe & AFFXY 54 ¥
Table 37 #Zo] AEE XFHAE o gl &3t aerations
FA8 A2 39 FeF 23T, 30 psu, 100 pmol m st (12L : 12D cycle)
Ag 2o EAAAGY AArRTEe 2§ 71 2A7](DK-8000m
DAE-KWANG Electronics. Inc., Seoul, Korea)E Alg&3titt. =% 7%k

Fob Aqow @ AFPA WA PR 98 FE4 Hu

I
i

=
Isochrysis galbana (¢F 30,000 cells mL HE &F5stgth o] & AFEx
5& 9F 25 Lo Fxol oF 18 Lo A catenella’} 4,000 cell mL ™7} %=
= FEedth JAFFAY AHE SAS SlalA AFH e A LAZF S
= Sedgwick-Rafter chamberol] # & #s&n 74 3slo|A A3ttt =
AEAoe 3MA Y JAFEAE do2 AFHst] AAF AFS o] &3t

om0, 12, 48, 72, 96, 120, 144, 168117k 7+A o 2 =3 & v}

Ay}

ol

N
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Table. 3. Shell length, width and height of Mytilus edulis.

{(mean+50D mm)
Hour  Shell length  Shell width  Shell height Total Weight{without shell)

0 72.7+1.9 37.6+2.2 26.1+0.8 21.01
12 78.3+5.1 37.5+1.3 26.9+0.8 21.43
24 76.7+5.5 37.6+1.8 27.6+3.6 18.69
48 80.5+4.3 39.7+2.7 29.4+1.8 21.99
72 77.3+4.1 3p3TRE 30.1+3.0 21.15
96 73.0+£2.2 38.4+1.7 26.7+£1.0 18.66
120 75.6+2.6 38.9+5.1 27.8+4.7 2.08
144 79.4+3.9 39.5+14 29.6+1.8 18.25
168 78.0£7.7 37.0£1.0 27.7£1.0 2044

_27_



T
i d

0°

2-4-3 20184, 20199 &4 42, ¥, A

A3 o (Fig. 6)

20184, 2019%

M

il
TR

=K

e

12> °F 11-12 mo]t}.

TR

o] &3}

=
=

A{-S T-S meter(YSI 30, YSI, USA)

2o obele] g e

5}

=]
14

i

HAIE 1eal

Y HERT

=
=

o Exdgoyle Hes

o

atell

35T

Nd
ol

;00

1

A "k

<)

1= Ee A4

UV/Vis Spectrophotometer® ZHtj 3

AE AR F,

o
v

A 1A71e]

2l 640 nmeoll A

ol UV/Vis Spectrophotometer =

Al €t

)

e

off A &

1 543 nm

-

A9

\

o Foo

=

—_
"o

)

}
o)

19d 7t=s &

%

o] 2

dEH, Aol opdAtom el

_28_



—
fite)

—

O

o

<«

—

NV

4ol 7+

pzs

< molybden

S35kl ¢l-molybden’t #

3}3HE-2 ascorbicitel 28] 3k

el
il
olo
=
)
H-

o

21 885

A9

w}

|NS UV/Vis Spectrophotometer(X-ma, 3000PC) = F | 3

&t At

/1\1,

_29_



2-4-4 AA ¥ % HPLCEA
SAF A4 AFe Aol 50 mL AN R Frel wa
ZF°] 0.IN HCl= #H7Is ths 2 7](Glas-Col, USA)E o] &sto] oF 3i#
% 2Ae sasta 1 ¥, Bl 0IN HOIE A7he v 10T

oft

5i-7F S®E §F pH 3-42 x4dsto] A4#2(3,000xg, 10 min)ste] A&
As EHIAT HFeHS HeE=y FTHTEZ AFHE Seppak Cis
cartridged] 3 271 & FHZ 15 mLE B8 i Folo] Y4oE= 15 mLE
gke] of 3} 7] (Ultrafree-MC; M. W., 10,000, Millipore, Massachusetts)ol] %
o] 4&e(8,000xg, 10 min)F Lol o3} AlgE £A A7bA -207T
oA ®¥skd v (Fig. 7).

HPLCE ©| &3 /M7 =54 &4 2-3-1FAM A3 W 54

Al Al sksie
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Shellfish weight, shellfish meat weight and shellfish shell length measurement

Homogenize with a ultrasonic processor for 3 min
Add 100 mL 0.1 N HCl and adjust approximately pH 3-4

Boil for 5 min and cool at room temperature

Adjust approximately pH 3-4

Centrifuge at 3,000xg for 10 min

Load the Sep-pak C;; cartridge

Centrifuge at 8,000xg for 5 min with a 10,000 M. W. Centrifugal filter device

HPLC analysis

Fig. 7. Pre-treatment of mussels for PSP toxin analysis.
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m 23 9 23

3-1. Alexandrium &9 x4

A. catenella, A. pacificum ~18]31 A. tamarense® SZAS HW,
TEAH o7 FAAEL N-sulfocarbamoyl 54 02 Cl1+27F RS 1%
3t} (Table 4). Carbamoyl 54 5 STXE v# && AEFHA gkon,
neoSTXE strain@ = zol7} A yetwth, GTXAE S i
FoARZ Yewton, GTX2+3& strain® & zFo| 7 YEbwkx wk o 3
FAToR A=H3AH
Alexandrium %9 7% AME7}3H(thecal plate)e] AlF-A Q1 o]
w2 A wH(Fukuyo, 1985), A. tamarense®t A. catenella= E|E% o =2
Alexandrium 49 & T HUY FAste] E5735H7] w9 ol @ (Taylor et
al., 1995, Kim et al, 2002). 3A|%F A. tamarense= PSP ST <
GTX5+6%] HF A= A catenella®t = F7d] =ko]7) lom, o] 2113}
T £S5 FEAS 4 %lE biomarker® ©]-&% o] $ktH(Taylor et al. 1995).
shAqE 2 Ao A= straindl wWEl A catenella®til 3= GTX5+6E5
A 7R a gl AL oY ATt Table 4).

Fl(‘

M
=]

]

N

2 AFFR, A catenella®l 745, T2 E2 N-sulfocarbamoyl =
Ho g2 Cl+2. GTX5 28] aL carbamoyl 5422 GTX1+49F neoSTXo]H,
m ZA RS carbamoyl £AQ GTX2+30]3t} dZFo 2 wwl Cl+27} 60%

oS AREF e, HnAH HFEO0® HOlE neosTXE ¢F 10

X
o
ol
il

el AT A pacificum® A5, LA N-sulfocarbamoyl &4 &

C1+2, GTX 5+6 ¥ il carbamoyl A4 o2 GTX1+4o|HW, m e B A

f

catenella®t 7+°] carbamoyl 54l GTX2+3°]t}h. A catenella®t 0]
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T strain 25 Cl1+27} 60%°]49] =S H9A

neoSTX2 w2 =S e
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Table 4. Toxin contents and composition of various Alexandrium genus.

species C1 c2 STX neoSTX GTX1 GTX4 dcGTX3 GTX3 GTX2 GTX5 GTX6 Total References
A. catenella 2.75 29.09 3.87 0.85 1.89 0.05 0.03 6.70 - 45 This study
A. catenella 221 22.96 0.02 0.21 0.81 4.24 0.12 0.02 3.65 - 34 Oh et al. (2009)
A. catenella 3654 24352 : 1472 249 32.89 0.06 1181 0.16 ; ; 342 This study
A. catenella 140493 167299 - 13431 70.28 25042 2389 7.19 - - 2369 This study
A. pacificum B.89 153.73 L 234 4 L - 0.09 : 24.65 190 This study
A. pacificum 8494 179.92 3 2418 3953 0.15 0.36 L 1216 70.46 336 This study
A. tamarense 137 80.22 0.02 6.72 1035 411 - 4.80 0.66 - - 148 Oh et al. (2009)
A. tamarense 5.66 11.08 - 0.83 0.87 4.82 - tr - - - 23 Kim et al. (2005)
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3-2. WSt & Alexandrium £9| 7§47 X =/dwHst
3-2-1. £ 9 dBEWHSGlo| & A. catenella?t A. pacificum®]
.]

BFEE L SYUs

W, e g S A4kl S WA= e g
M= A catenella®t A. pacificum® HA 37 =1 2 =AM 215 7
szl st 27 422(10, 15, 20, 25, 30°C) 5TAIF +=(5, 10, 15, 20,
25, 30C) 69A Z18lar Fi(15, 20, 25, 30, 35 psu) btHAlell tjste] A%

My A] FFtadsE AdE Bt A pacificum 5C¢F 30CE Al
e BE FE7El A AFS BAt(Fig. 8). A catenella®] 4 3}o

2 AFEzo WeE 001-0.23 day 'oln, W A =(0.01-0.09
day HE BI® 42 10-15CE A3 20-30TCE 0.19-0.23 day '= FAF
o A5 HATH(Fig. 9a). A pacificums 5C¢ 30CoAAE A
stA gFokem b vre AFLEEZ ®H 10T (009 day DE AL
15-25TC ¢ AA4%E 0.21-031 day ‘o HHE 7FAt(Fig. 9b).

s
o

A. catenella®} A. pacificume G9] TE2 ARZECT ZF7)E
o, & 20-25CA Ao AFE=7F et e (Fig. 9), Ak 3463l
t}. A catenella®t A. pacificum® =<0l st A AHAAZ2AS dofp,
A. catenellas 10-20C, A. pacificum2 20-30Co|tHOh et al, 2012). &=
g A catenellas F-Elutel Felgh el A4 16-22C (o] 5, 2005)
a2la FAaiet E2FE 15T (Lee et al[2006)E Holw E AFo 4

Hroh vhA GeElUX Tl 3o A 228t A catenella strain £ AF 9]
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A. catenella®t A F2H QoA A A5t (He et al, 2010; Wang and
Hsieh., 2005), & ¢ A3t fAstdth. webs, sdFolete &
Ao mep A AR 5A o] zkol7b k= AL o) v ghri(Gallagher.,1982).

A. pacificum®] 735, A. catenella®] Y|l AFALH 7 Ao & F
Tai Tam ¥ 859 HAAG 22 20-26CT= 2 HAAFH FASHA
YEF THGavin et al,, 1997). T3 $F9o FF+ 20-23C (Siu et al
1997), ¥ Tokuyama®t ¢

J

Z

T
T AR JAoR e FedM AAYFEes ARon, B 4
F3} A e 54 AT

Fig. 10=

o
e
i
X

w2 A catenella®t A. pacificum® =3ShF
(toxin contents)S YEFWTE A

10-15C F3rollA 7H¢ =& 5e8k(413.15-415.79 fmole cell)S 7H3 &
o, AGEHE7E = 20-30C FRrelA 7B e =38(147.49-159.95

catenellge At Hd oz HAETI} o

fmole cell )& 713 tHFig. 10a). stARF, A. pacificume F&o] Z7184
E gAANCR E& 5EFS Mo, 25ToAA 71 & 582(1206.7
fmole cell )& e EH(Fig. 10b). A4 (toxicity) 232 ¥ W, A catenella
2 10-15TeA 540l =2 neoSTXE shEo] =7] wFol 535y} v
wsto] oF S 20-30CTtET Ao =A 4Yeyuth(Fig.lla, Fig
12a). 3tAIRE, A. pacificum2 57d0] @& Cl+2¢ GTX5+65 A9 =
Al neoSTX, GTX1+4, GTX2+39] Wsl= YEUA 2o (Fig 12b),
weba, sS4 S 2 Aozt vEubA e kvk(Fig. 11b).

e FedME aud g4 AR A% 4PEEd 93 F
1)
S

o AEZe] vre dmd e MxUe olZ7]d(arginine)d S7FHE 7}
Ao, =4 A (toxin synthesis)ol AF&E = Aotz 4HA A

(Anderson et al., 1990). 3} W& 2o o 9 £ % (division rate)

rlo
M



(temporary cysts)E& AT =ZH, S 3 Aibel FAG2 o
1 (Laabir.,, 2011), =2W3ld] w2 =

AT A% (Christine et al, 2014). wWz}A, A pacificum®] Y& 4
ST e 538 FS el B 7]de ez ALY 53], A
pacificums 25ColA 7F8 =& 53312061 mole cell’) 2 543 (142
STXeq)= HEHOH o= HE F271H10-200)B 4 of 2-3v] =&
Cl+2 5425 717 AL | <=tH(Fig. 12b). Sako et al,(2001)o] 2]a}&
25CAA Z=2dQ0 STXS GTX2+3& k=A< GTX569 GTX1+22 3
A AT+ sulfotransferase (N-ST)9] &47F HEAH S BAthal 39S
W B ASF A pacficum GTX5+6%= oFE F==>7H10-20TC)3
AbSFRAAIRE,  Cl+29) Ae3t F7b FEletA #EREHAV] wiEel
sulfotransferase (N-ST)o| &4 Al o] 2§

A Feuvet dadtel A mEl sl B A ZFF2R e 10-1

5Colm, F&o e il =T @ E4e] kA U A

ll

O

rE
e}

S A. catenella®)| <13+ wiu] Al % @Al o]
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Table 5. Comparison of Growth rate of A. catenella and A. pacificum at

various irradiance under different wavelengths. (irradiance unit: pmol m %s ™)

Alexandrium catenella Alexandrium pacificum
I} A
I8 Fluores Blue Green Red Fluores Blue Green Red
E= —cent —cent
(day™)
10 0.01 0.03 0.03 0.06 0.09 0.01 0.01 0.01

30 0.03 0.14 0.06 0.15 0.12 0.10 0.06 0.01
50 0.12 0.22 0.07 0.14 0.15 0.17 0.08 0.13
75 0.18 0.21 0.10 0.18 0.20 0.26 0.13 0.13
100 0.17 0.23 0.13 0.12 0.33 0.30 0.18 0.19
150 0.16 0.27 0.24 0.18 0.29 0.35 0.24 0.26
200 0.21 0.26 0.28 0.24 0.31 0.35 0.32 0.32
300 0.23 0.24 0.30 0.30 0.38 0.36 0.33 0.37
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synthetase — Glutamyl-tRNA — Chlorophyll

Fig. 25. The pathways of paralytic shellfish toixin (PST) formation.
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culture age.
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