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Harmful algal blooms (HABs) cause mortality in aquaculture; identifying the causative species is difficult after cell
degradation due to microscopy limitation. Herein, we tested whether gill pigments could be analyzed using ultrap-
erformance liquid chromatography (UPLC) to determine HAB exposure. Red seabream Pagrus major and abalone
Haliotis discus were exposed to three HAB species (Margalefidinium polykrikoides, Alexandrium affine, and Kare-
nia mikimotoi). The gill tissue pigments were analyzed using UPLC. M. polykrikoides (1,000, 2,000, 3,500 cells/mL)
caused 100% P. major mortality in within 1 h. The cells were not microscopically visible due to their fragile structure;
peridinin, a dinoflagellate marker pigment, accumulated in gill tissue. A. affine (500, 1,000, 2,500 cells/mL) caused
no mortality but produced time-dependent increases in chlorophyll a and peridinin contents, indicating stress. K. mi-
kimotoi (10,000 cells/mL) exposure increased chlorophyll a and fucoxanthin contents, with pigment levels increas-
ing with exposure time and cell density. H. discus exposure to K. mikimotoi resulted in time and density-dependent
increases in chlorophyll a and fucoxanthin contents. UPLC-based pigments were used to detect HAB exposure and
pigment accumulation associated with specific taxa, even after algal cell degradation. This study provides a rapid,
quantitative, and easy-to-use diagnostic tool for HAB monitoring and response strategies by laypersons.
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al., 2010). gt=t 3¢t A= Margalefidinium polykrikoides

i AQtell A Hhgst= ol A= s EIAS] =4
o, TR of 2t e A| 7] 5ol P A= A S
2 dHA Qltk(Berdalet et al., 2015; Lee et al., 2017). £3],
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Fig. 1. Microscopic images of HAB species used in the experiment. A, Margalefidinium polykrikoides; B, Alexandrium affine; C, Karenia

mikimotoi; HAB, Harmful algal blooms.

S FASHA] 2 A7t Wot i Foll Higt 4t sl
T AFsieh ey olE T2 A AlA 20 Aol A=
AA S frdshe tEA Rl fralld Axez dA
©.v(Zhang et al., 2022), Hi5ti 54] A AR S 2)-7H
o] oa|2 gushe A0 E K 1E 1 QIT(Niu et al., 2021).
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7 B 4= Qth(Wright et al., 1991; Mackey et al., 1996).

Z]2oll+= UPLC (ultra performance liquid chromatography)&
AR&St] 71 HPLC 40 o Zeld #4 AE 1022
2 0T 4 9l B4 B8 e e 02 BaEw 9)
CHAL et al., 2002; Swapna et al., 2024). oJof] 2 I71= 7|&
o AEEFAE A B4l HRtEE Mas 24 7S =W
222 QFAAE obfu] 220 A geto] A4 24 WIS} o
A sl AR AE =5 A A e B8 7S B

Hoflratdtaos Easdd Az A
M. polykrikoides (NFRDI-CP001), A. affine (AL-
TY-1508-02), K. mikimotoi (KM02 KSS) 352 o|-8-50] &
2135} Table 1, Fig. 1). $4 2z A=
) oo w919 2 0l 12 g 2o Bkl
& STt Fe WHE00 uEms) 9 v arel
O] =R (500 uE/m%s), F/2 medium (Guillard, 1975), 9+
32-33 psu 27 3lol| A, M. polykrikoides®} K. mikimotois=
2 25°C, A. affine= 7~ 20°C= wijgsoich vk 871+
St ol 4] 2] ARt ikl oEg 71 S A-g sttt
(NIFS, 2017). 27] AU 3 9js) $-2l2 A 101
8710 R} RS LINRE 17 71202 A wjoksha
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Table 1. Information of harmful algal bloom (HAB) species used
in the experiment

Species name  Cat no. Location Year
Margalefidinium  \epp.cPo01  Busan, Korea 2013
polykrikoides

Alexandrium

affine AL-TY-1508-02 Busan, Korea 2019
Ké_zr.enia . KMO02 KSS Seto Inland Sea, 2016
mikimotoi Japan
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Fluorescent lamp

Phytoplankton culture scale-up

100 L

Metalhalide Lamp

ﬂ ) Pagrus major

Aeration% E

Control Treatment Control Treatment

Pagrus major

2,000 cells/mL
3,500 cells/mL

1,000 cells/mL
2,500 cells/mL

-

M. Polykrikoides A. affine K. Mikimotoi
1,000 cells/mL 500 cells/mL 10,000 cells/mL

Exposure experiment

Pagrus major

Control Treatment

~

Haliotis discus

* Dead
— Sample collection immediately

Control Treatment * Alive

— Sample collection at 1 & 3 h
K. Mikimotoi
10,000 cells/mL

3 All experiments were conducted in triplicate
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Fig. 2. Overview of (A) phytoplankton culture scale-up from 50 mL to 500 L, (B) exposure experiment and (C) workflow of pigment extrac-
tion and analysis from gill tissues. UPLC, Ultra-performance liquid chromatography.
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Phytoplankton culture Freeze drying (3 days)
grinding to powder

1 g used for extracted

(M. polykrikoides, A. affine, K. mikimotoi)
filtered through a GF/F filter

A A

[ Extraction: 10 mL 100% acetone ]

3

[ Sonication (10 min), extraction at the 4 °C (24 h) ]

[ Centrifugation for 10 min at 2,000 rpm ]
Filtered through the 0.2 pm syringe filter

yL HPLC grade water ]

[ 1 mL aliquot of sample + 300

A

Pigment analysis using UPLC with standard pigment

Fig. 3. Workflow of the experimental procedure for pigment analy-
sis of fish gill tissues and algal culture samples.

Korea)E ©|-8-5}¢] -80°Coll 4| 341t A1 %3 Tt.
UPLC &4

A% S 380 Hla A4S 918l A== 47 mm GF/F o3}
A& s uokel o 2 100% oMAlE 5 mLE 7kt
Z2592471(10 &)= A E'J’SP“‘E}(Fig 2C, Fig, 3). ©]% 4°C

olale] WerAol| A 24X 7 FF Mg & 6}@‘4 FE5d
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13l hydrophobic syringe filter (25 mm diameter, 0.2 pm
pore size; HYUNDAI MICRO, Anseong, Korea)= ¢J1}5}%
O o] 3tE ARG | mLe} HPLCE water 300 uLE =35}
of EAJof] ARE-SFITE. A4 FA41S 93] 5 8F[Chlorophyll ¢
(Chl. ¢), peridinin, 19'-butanoyloxyfucoxanthin, fucoxanthin,
19'-hexanoyloxyfucoxanthin, Chlorophyll b (Chl. b), Chlo-
rophyll a (Chl-a), S-carotene]®] 3% A 4(DHI, Horsholm,
Denmark)E AME-31$11L 71 5 Chl. a, peridinin, fucoxanthin
S A2 E A A A Ax(marker pigment) 2 ]85 T A4 H
A2 Wright et al. (1991)0]4] AIAISHHPLC &4 27A4-S 7|9k
o= sto] UPLC 2# o 5A 2243k jPS ARgshal
Th(Lee et al., 2018). A5 24 A W gl 2412 Table 29|
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M. polykrikoides A. affine K. mikimotoi

Fig. 4. Cultured phytoplankton pigment composition of Margalefi-
dinium polykrikoides, Alexandrium affine, and Karenia Mikimo-
toi.
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M. polykrikoides| ‘==% P. major A&-oA+= =& 10
HHE g A Az o] 308 Al HlAREo] 60%] 23
o 605 o|yjo] = JHA|7} :q]A]—E]—OﬂE]—(Fig 5). 27149l
Al] k-0 7= == 3080 5557 B 14694 652
wastglont obbul A Asl7k FAI5H ARl Aolol M.
polykrikoides®] 2| {THFig. 6). ©l= A3 AFtoflA Hir

Table 2. UPLC analysis conditions used for pigment detection

Item Condition

ACQUITY UPLC H-Class (Waters Corp.,
Milford, MA, USA)

UPLC PDA detector
Waters HSS C18 (1.8 um, 2.1x100 mm)
Column temperature 35°C

Systeme

Detector
Column

Solvent A MeOH:AmAc:BHT (80:20:0.01)
Solvent B ACN:Water:BHT (87.5:12.8:0.01)
Solvent C Ethyl acetate 100%

Flow rate 0.35 mL/min

Run time 12 min

Injection volume 10 uL

UPLC, Ultra performance liquid chromatography; PDA, Photo
diode array; AmAc, Ammonium acetate; can, Acetonitrile; BHT,
Butylated hydroxytoluene.



300

w0 g——————1

:\3 80 I —a&— Margalefidinium polykrikoides — Pagrus major
% —a— Alexandrium affine — Pagrus major
= 60
<>“ —l— Karenia mikimotoi — Pagrus major, Haliotis discus
g 40
(]

20

0 1 1 1 1 & 1 1 1 1 1 1 1 1 1 1 1 1

60 90 120 150 180

Exposure time (min)

Fig. 5. Time-dependent survival rates of aquaculture species ex-
posed to each harmful algal species.

Fig. 6. Microscopic images of gill filaments of Pagrus major ex-
posed to Margalefidinium polykrikoides. A, Before exposure; B,
After exposure. Red arrows indicate M. polykrikoides cell, and red
circle indicate epithelial hyperplasia in the gill filaments.

% M. polykrikoides®) ichthyotoxin 4] W 32 ROS (reac-
tive oxygen species) A4 52 THE QA5 A2 A7k of
7 NS G 4 gl Al d S-S ohal b BelA A
+ Adtolth(Yang et al., 2022; de Silva and Gobler, 2023). B+
H, A. affine®} K. mikimotoiol] 5% &5 =2 3A7H7HA]
HARZFEEAYEER] Rk, Tl A, affine@} K. mikimotoi A ¢
T orhu] el s 22 Wat D Az o] BakE it X
L Aqto] w2 H A. affined} K. mikimotoiol k=% o] Fo|| Al
= A} BAElR] QokeolE Bl Al ROS w7} &
oA F71eFR Al I2E|E, SOD, catalase, glutathione per-
oxidase Z7}e} 7+ AEH A HES0] LFERTHNIES, 2023).
ESE =Y 1§l vjo|shut 29 K. mikimotors E315hH=
Karenia 452 88/ (haemolytic) @ A=A (cytotoxic) 2H-&
o2 £AHEE o ity 4 At (Chang, 2011). &
F 23 A AR ekA] QR e AR} M2 R
Swo] W ofrbu] U] Mg 24 Weke S S Fa 1
J3kS gHlek 4= QI 2IckFig. 7, Fig. 8, Fig. 9). 0|23t Axt=
T4 BACZ HAE fastcta de] &# % M. polykrikoi-
des 2Jo| =, A. affine ¥ K. mikimotoi®} Zro] HFA o & FL5)
St 7ol mlulshtal AAR = F5 Al HARE st
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Fig. 7. Pigment composition in the gill tissue of Pagrus major
exposed to Margalefidinium polykrikoides, showing changes
in Chlorophyll a and peridinin concentrations according to M.
polykrikoides cell density.
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A= SEQAIRE, ob7hulol S 3telo] 228k 2] ws} 2 el 2
Ed|AS FUE 4 98-S AARITE thebA] 35 ol Fof o
o 2% s3] Wby A, obrbe] 248 AHstel a4 9 %
2] QRS BA B o] 2% e o] 2 BRoh o] glo] £
ofnlgh g =72 248 4 9L Aolck

HEME B U A XN

M. polykrikoides, A. affine, K. mikimotoi®] 1L vl%F
ohe ol gl 7k Fo| Ak 24 MwGCHFig. 4). M.
polykrikoides= Chl. ¢, peridinin, 19'-butanoyloxyfucoxan-
thin, Chl. a, -carotene A4, A. affinex= Chl. ¢, peridinin, Chl.

A4 K. mikimotoiol X]+= Chl. ¢, fucoxanthin,
19'-butanoyloxyfucoxanthin,  19'-hexanoyloxyfucoxanthin,
Chl. a, B-carotene 5] M4V} 2 HEZF Sk 715 Chl. a
OF Ak Q] ep 270 8 FFEE|lo| = A 4Ql peridinin
o] M. polykrikoides, A. affine®] | A| M 4912 B3I M.
polykrikoides®] M3 U7} 1,000, 2,000, 3,500 cells/mL=
Z7V3}ol| whe} Chl. a®} peridinine] B34 Z71511cHFig.

a, [-carotene

g =gl e S

of7p] 41 st 301

7). Tk 60 ool M. polykrikoides®l| ‘rs% ©E o]F7}
A AFBHg17] T el Al7bo] T ofrbu] A4 sk Selah]
FoHAHt. A. affine®] A A 22 AREE Chl. a2 peridinin &
AN Z7bo] afel BAart 4% ZHSRT, Azl T %
7he B4 WeksA) e, 8). ST Fhl ok of
2 570] AJA[A4Q] peridinin©] 53] Wof H A A 5 4
Ao R =2 == Ho|x fucoxanthine A A| AR ALE-
sojof gt} o= K. mikimotoi7} QHHA 9l o} H 2 7ol
golgh Max 232 AYal 17| wjZo]ti(Chang and Gall,
2013). AA| 2 K. mikimotoi= 34 R M A2 fucoxanthin
9 acyl-oxyfucoxanthin =25 =2 v]&2 G311 3o
W], o] Al 2A4E TR SARE B 712 2 o
AE B0 P20, Yabdel FeH URARI B
-8t peridinin T4l fucoxanthin 2 acyl-oxyfucoxanthin -f-=
AZ A B4 A 24 ZR0IA Karenia 40| 0]24
¢l Gymnodinoid 2FARZF AF Y-S EojFtHChang and
Gall, 2013). o]2|st EA2 Karlodinium, Takayama <01 4]
= FARH yebdtH(Daugbjerg et al., 2000; De Salas et al.,
2003). wetA K. mikimotoix= M. polykrikoides®} 22 Ut
Mol ohplman A2 PRI by s T4 U B4 7%
o] BAH 02 Aolshue ol oprfu] 24 ) A B4 2
2 S43 o Freto] F2e Bast glek. K. mikimotoi
of le&¥l ol7Hu|of| A= peridinin HE %A A Hi-p- W
a50] 9 AL, Chl. a8} fucoxanthin ©] AJ7tof| whe} S7Fsith
(Fig. 9). o] o} o] =8 A 25 0] M4 24 wolsl= AL
of7bul 24 o) Al 4 ATE HetelA sl el] Sisl B4
Ho|c}. wehy 9 4% AR Ad 243 FE0] uhE 54
S48 oplu] 228 P4 A2 1E AR 1Y ALS 9B

s 7)eko 2 28 Aolth
o7tol MA x4 3|
% QB0 w2 E FETH AR ofpu] Al HAS 5oy

stom 24 0] Hee g £o]7] {8l Azl lFH A
WA 9] ob7trl & Hxdt o7 S-gsginh il HEE
Al A ZHEHE, Chl. 2 0.072 pg/L, peridinin 0.002 ug/L, fucox-
anthin 0.005 pg/L; 215, Chl. 20.091 pg/L, fucoxanthin 0.007
ug/L) ol @l Y g =nl 5 8o dFE = U
4 EHoluy op7hu] | 2Rt AlEEHAES R TSt
ol, ol 5 HllF g2 7H=st Al 4] Aol A AlskSAet

Az Qg =EH oprn] M B4 AW B FolA =&
A7+ d == Z71o] wl2} Chl. a, peridinin, fucoxanthin®] &=
7} 578z 78 & WERH T M. polykrikoides ‘r-Z<2] 745
A7 ez 9 ZE ob7ta] o) 4] Chl. a+= 0.202 ug/L, peridinin
© 0,031 ug/LE, hZ7(Chl a 0.072 ug/L, peridinin 0.002
ug/Lyoll 8|3l G251 Z7Fsl9tt. A. affine =% Ao 14]
7ol Z}2} 1,032, 0.286 ug/L, 3A417E Fol= 1.641, 0475 pg/L
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