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Abstract © To supply a stable amount of standard material to detect paralytic shellfish toxin (PST), we examined possible increases in toxic content in
Alexandrium catenella and A. pacificum using a light emitting diode (LED), which is one of the most eco-friendly and economical lighting method. When
comparing the growth rates of organisms and wavelengths of light used, the half saturation constants (Ks) of red wavelength were higher than those of
other wavelengths. In contrast, the Ks of blue wavelength were lower than those of other wavelengths. Moreover, when comparing the toxic contents and
wavelengths of light used, red wavelength produced approximately 8 times more toxic content in A. catenella and approximately 3.2 times more toxic
content in A. pacificum than other wavelengths. Thus, the toxic content present in the organism might be closely related to the Ks of light. The optimum
light source to be used to ensure economically effective and productive growth in an Alexandrium culture system (photo-bioreactor) would likely consist
of a two-phase culture, wherein a blue LED is used during the lag and exponential phases to increase growth rates, followed by the use of a red LED

during late exponential and stationary phases to achieve increased PST yields.
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5 AT ZF Alexandrium catenella®} A. pacifcium)

1. M &

wlH] A = A~ (Paralytic shellfish toxin; PST)<
S Bt LA gom, Hxol 727t HEX
saxitoxin®| TF. 8}8H4 FxE 1975 XA AA §)
WaEow, 11 % v o] @A AL, AR 305
o]Fe] o] ATt A= Ao R de]A UThH(Oshima, 1995).
T4 7 2R 8] Eelvh WA @omn, Aol A

AN EHUEFALS] 485t hEFol2d F92 v
[e]
o

AA 545 FAIRITh S-2uvete] A PSTe| o8 F5 A}
5= 1986 FAF oA F5 #x7) dAste] Abiet
Atz FAAo 2= wuEgon, 19968 A AA|olA
%= AFgARA o] A5} TH(Chang et al., 1987; Lee et al., 1997).
H&o] mid $-2vtel dekdell A pSTe] 7]+X] Z3KE &

71554 80 ug/100 g)oll whet 4 ol mj sl 7o) Fak7t w5+
2 THON et al, 2012).

PSTE T2 FEA7]= YJAF Alexandrium spp.i= 1970
ddel]l 2 v=, §9, 4 2 55 5 OFE 6k
A el A AEA F-sHIA, 19909 o] % &d
gL A w9l 47 o] th(Hallegraeff, 1993). =i
Aot A Alexandrium %2 Z AKX e 19780, oF
209 F9| Alexandrium %N A A catenella, A. affine, A
insuetum, A. tamarense, A. minitum, A. fraterculus & °F 691 F
o] Zd3sl= Ao B o] QIT(Shin et al, 2014). L F
-2yl A= 4. catenella®} A. pacificum©] PSTE A A7)
= oEAS] ddFe® dHA UTHKim et al, 2002; Oh et
al.,, 2012; Kim et al., 2017).
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Alexandrium %52 OFE AEZHIAEAY 2, 98, £+
2 Jgd 5 El-shey Sl o) AGEE AA

Ho, 585 52 SR AHA JgFS
7] Q) thH(Hwang and Lu, 2000; Hamasaki et al., 2001; Etheridge
and Roesler, 2005; Han et al., 2016). L % 32| Wal= F3t

WA g oY) B Fow aclom Agety, 4PEE

Mol o3t ~Edst 4P SRl JFL v
el wpge slge] AT oR ek el P
2 F9H D AollE G nA & on, e 37
g A el wek AT 0 Qe 24 2 F4F &
M2 5 Qo] 8B ST 5 YA Rokol e B

1994; Oh et al., 2015; Han and Oh, 2018).
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AWe 7R eR sha AR, 24 AL Sl wet 2
A, B APGAIE S0 B2 Ql¥o] 28, A

st vhg B4 gate] nAE e shgel g

2007). 7}7b2 AE o] A$-, 20159 F-E PSTE] #2] 0] HEA
oA g NA| A Zv}E 18 9] (High Performance Liquid
Chromatography; HPLC)= ¥ 7 %] 21 ThH(Suzuki et al., 2017). ©] =
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2.1 LED mj&ol| mE oH|N S4 {9l E¥3E Alexandrium
catenella®}t A. pacificum 4% 50|44 met
B AFo ARRE A catenella™ ZEGAEH)KNU-YS-01)
7] ¢

YHLIMS-PS-2729) 0. 2 LB F-oF who 2o
gpoll WE A catenella®t A. pacificum®] HAEA S Thols)
71 A, Z7Fe] 5 GEEERFES £ 20T, D 30psu,
B 300 pmol ms'(12L:12D;cool-white fluorescent lamp)ol] 4]

TG T4 A gES A8 2L $ 9ml v
3% H(DH. TT10100, DAIHAN, Won-ju)oll 5ml 2 ¥jA S 9
skar, HFAME7F 100 cells ml'7} S =5 HE 38T 949
FPe g o g &G I (flyorescent lamp)E ©] 233 S
W, 93-S A LED(Amax = 450 nm; LUMILEDS), =521
LED(Amax = 525 nm; LUMILEDS) 12|31 44 LED(Amax =
650 nm; LUMILEDS)E ©|-§-3}3lth. F&2 F 8T7(10, 30,
50, 75, 100, 150, 200, 300 umol m'zs'l)i ZH3R o, HE
dEo F7Hs gRletr] HsliA olE (HAoE TS Al
7ol & 3433 %= Al (10-AU-Fluorometer, Tuner Designs)E % 5}
in vivo chlorophyll 3 #gts 574383l A5 el ©e Al
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1 A 745 S (specific growth rate; day)

lmax: 2 A 745 5 (maximum specific growth rate; day™)
L. %% (irradiance; pmol m?s™)

Io: B34 (compensation PFD; pmol m*s™)

Ks: W32 3} 33 (half-saturation light intensity; pmol ms™)

2.2 LED mtgo| mE nHjy 54 el

= EZ3E Alexandrium
catenella®t A. pacificume| S&tgF 5} mot

f=13

gtgo| WE A catenella®t A. pacificum®] 5= H =
AWstE Fetalr] YA 2 20C 9t 30psu, FF
300 pmol ms'(12L:12D; cool-white fluorescent lamp)oll A <=

AL F717A ZGAIZ F, 200 ml B FE ek~ Fak A
AL A AFg s vpR e R g 2014 100 mlell HF
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o] F9L A&e WAF, F A LED, %4 LED 18] i1 A A
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(Ultrafree-MC; M. W., 10,000, Millipore, Massachusetts)oll 4 ©]
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Research Council Institute for Marine Biosciences (Halifax, NS,
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Fig. 1. Growth curves of Alexandrium catenella under various
wavelengths (a: fluorescent, b: blue LED, c: green LED,
d: red LED).
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Fig. 2. Growth curves of Alexandrium pacificum under various
wavelengths (a: fluorescent, b: blue LED, c: green LED,
d: red LED).
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Fig. 3. Specific growth rates of (a) Alexandrium catenella and
(b) Alexandrium pacificum under various wavelengths.

nd e
=4

o e 42

Lederman and Tett(1981)°] 5L oAS Ea 3t
FeFyl WAL o BAE WA, Acatenellar= 7 A3}
QA= A FFHE, A A TG} 25 2] 5ol A
SAROE FASHA LEFS Thttest, p<0.05). 3FA]WE Ks
A gl A 7HF A JERa, g A 7

o o 02i

oI 1+

_87_



SEQITHFig. 3a, Table 1). A. pacificum-=
T MO A] FF I} 5 A5 o 4] B
YERS T SHA R Ksv= =47 A *“»Woﬂﬁ = VEbs
v, A A 7 wEA UERSth(Fig 3b; Table 1).

Table 1. Parameters of Alexandrium catenella and A. pacificum

as a function of light intensity under different
wavelengths
. Ks max
Species Wavelengths (uM) (élay'l)
Fluorescent lamp 68.7 0.28
Blue LED 36.6 0.21
A. catenella
Green LED 129 0.30
Red LED 138 0.31
Fluorescent lamp 125 0.50
Blue LED 63.7 0.45
A. pacificum
Green LED 219 0.60
Red LED 228 0.65
WRE PR Y PARERAN JBEFaE F I
o5 affinity) = LFER = Ks7} 4 Ashgo] ThE ST o
Al YEFETHOR et al., 2007; 2015; Shikata et al., 2009). ¥ -
o] A3, F F BT GAIGA b =2 HsEe B
Stk F3d WA F 442l chlorophyll = T2 Rk
4 shgdish A Astgoiel We Faen, of 3 PAng
g AR Aot FEA EvHoE ol gHol,
AR FHA 2 W 2] Akl RS T

Aoz & 3 ti(Kianianmomeni and Hallmann, 2014). %] A4
A= JAnAy) zho] FA 0] Chlorophyll o} =3}
g o)A, & AgelA AAasddel A stwe
g Brt ‘i}?‘ﬂ ‘JrEbAh—t“] Folgo] W& Ao
= S5 53 AT

o oA o] AXE
821710l

oz o rlr

e}
T

g O X e Y J;

HEAN

R

==y
=

ATHRa et
al., 2016; Han and Oh, 2018). THe} = o] PST7} 2 A5}
A ﬂlo] FE7b Gobd, 7)ol o 3 FSAHS ugro

3 ARG N AESE Gueta, F7lo] 4Ange
! o UA & A3l ElE PSTE KT} Zu]A

o =Z 7lgg)

°f
=
=
=

7]

. 71 =) 4

2 7

R4

ot
Fot

. O A
S

3.2 LED I}Zz0f mE niH[Yd S4 {91 EZ3E Alexandrium
catenella®t A. pacificum®| S&ZF H3l met

A catenella® SZAAS HH, FAHELS N
S 0R Cl+2, GTX 5, 18
9} neoSTXO| ™, WA S
o 1 Cl27F 60% 14
50 % MOl neoSTX:E 2F 10%
A pacificum®] 735, FLATLS
Cl+2, GTX 5+6 18|31 carbamoyl 54 &2 GTXI+40]H,

i=Rie)
F/‘o}:}\é“ﬁ\_

N-sulfocarbamoyl
carbamoyl =4 &2 GTX1+4
carbamoyl =73 <1 GTX2+30]%l T}
& AAsg o, vl
A5 YERN A TH(Table 2).

N-sulfocarbamoyl =7 ©. 2
il
A catenella®t 7] carbamoyl &3] GTX2+3°] At
o 4 catenella®t 7Fo] Cl1+27F 60% o] Ate] gaks B
At 74507 3 FE neoSTXE AEE A & THTable 2).

A 7

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

catenella and A. pacificum

cong)())(tilzms A.catenella A.pacificum
Cl+2 61.5 56.3
GTX1+4 9.97 19.0
GTX2+3 0.17 0.11
GTX5+6 18.1 24.6
dcGTX2+3 0.00 0.04
neoSTX 10.3 0.00
LED 3ol s F&H 4 catenella®] 551 (toxin content)
o] 7 5Fig 4, FHAL, A5G 223 S Aol A vhe
FEH(50 pmol m%s oA L FEE B 2™ 100 pmol m7s!
ool At STk GolH = e ehiRTh A 4wl

e 98 333 927 50 pmol m?s' B tH= 100 pmol m%s?!
oA A YEFEO W (360 fmol cell™), 150 pmol mZs'o A t}
_,_3],0:11:]_ 71—& J}a“coﬂ}q ] /\uvq,x]—o] 1;]_2 .4—?4&1:]—
=7 Ve o™, 100 umol mstel A 1 &po) 7t
, AAE 8ul(FFWE 100 pmol m*s?!) =2 F=
o}, Saxitoxin® 2 FAFE = A (toxicity) 7oA =
, A Y 1A ol A5,

o

off
K r1r

ol
%0
e B

M ol

oY ¥
oo [H

XJ_‘

el
(e}

Mo AL off mu SE 4 B 2
%

A] 48 STXeq).
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5 AT ZF Alexandrium catenella®} A. pacifcium® X743 vl H4 Ak vjx] & Wle] ulate] gk

& w0y FolA 5o dkow, Hol Fold4E S4E ol
3 A A wch AAgl e SEmsh 2ol 100n
% ol m’s'¢} 150 umol ms' ol A ThE v}he] B FHHT} &
57 % =4S BrheF 140 STXeq).
§ 100 4 S5 9 549 S oE kX Eel-gleAel $7
g a9l uhel gekach Az el pAste] Exw @
7 z2d 9] WMB= Ogata et al.(1987)7 Hamasaki et al.(2001) 5
g "] v o], Fe] TIkeh wate] Byt Fashs 4ES
2 * W3 § A7} Q). 8471k, Etheridge and Roesler(2005)Sh
S 7 Laabir et al.(2013)2 F&o] ZF7k9t 37 S5 =7t S7hdct
" B RIE Qo] B f% UREF AXTE A7 e

"5 100 150%50 100 150% 50 100 150% 50 100 150 ymol m2s! 3 AxE Busta vl wEbA E AFolA] REE 4
Fluorescent lamp: Blue LED ! GreenLED ! Red LED catenellavq _(’)__1‘:__: lex}_voq E‘_—,]—Q’]' o)} i] -6—],9;]\1] Ell—9 A paci Geum
o] A9-= FAko] Bare} dA|ate], 2 ot % G A
AU BE Fo wet 5 Ago] depA= S 2
Atk o] 312 PSTol| tfgk & 5o] A (species specificity) & & il
HE 5 AR 2 S5Es AXEde 35 S A
EAAGEES Bde] glomw, MEud FHss dihe] F
I=(cellular nitrogen content)ol] 2]&3le] & F=7} A ujE =
B 17} 2ATh(Leong et al., 2004; Van de Waal et al., 2013). @&}
A HlE o] 8% PST 24 S fsliA« Yo FEE FasA
g S ol gtelk pSTY] S FH3I %
= Aow Aztdr.

ShH, KsoF S-5=oF A% ddo]
A. catenella®t A pacificum 55 =2 Ks
A3l HA oA e Hr 2
Ks= Eoz]t% ZJAﬂvq.X}-O]]}\it 17%3_ =

Wavelengths

Fig. 4. Toxin contents and toxicities of toxic dinoflgallate

Alexandrium catenella under different wavelengths.
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Alexandrium pacificum under different wavelengths.
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