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Effects of water temperature on paralytic shellfish poisoning toxin content
and toxin composition of Alexandrium catenella (toxic dinoflagellate) under
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Abstract The purpose of this study is to unveil the variation in paralytic shellfish poisoning (=
PSP) toxin content and toxin composition in Alexandrium catenella under nitrogen- or phos-
phorus-limited conditions at various temperatures. An axenic clone of A. catenella (strain TNY7)
has been grown in nitrogen- or phosphorus-limited semi-continuous culture at 10, 15 and 20°C.
The dilution rate was set to 0.055 d™!. PSP toxin content and composition of the cells collected
just before cell divisions were anulyzed using an HPLC-fluorometric analyzer.

The cellular toxin content under nitrogen-limited condition at 15°C (5.0 fmol cell™!) was similar
to that at 20°C (3.8 fmol cell™!). The cellular toxin content under nitrogen-limited condition at
10°C (19.1 fmol cell™!) was higher than that at 15 and 20 °C. The cellular toxin content under
phosphorus-limited condition at 15°C (61.0 fmol cell™!) was almost the same as that at 20°C (64.1
fmol cell™!). Under phosphorus-limited condition at 10°C, cellular toxin content of 104.2 fmol
cell™!, which is the highest contert ever found during our studies, was obtained. Toxin composi-
tion and ratio remained constant independent of nitrogen or phosphorus limitation and water
temperature.

This study shows that water temperature (15-20°C) does not have a sighificant effect on cellular
toxin content and low water temperature (10°C) increases cellular toxin content under nutrient-
imited conditions.
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Alexandrium catenella (Whedon et Kofoid) Balech
i, WENEHBLFENZENUMESTEET 2R
EBETHL. AEVP_KHIERING L, WEXKRS
DPIWEGNCERE L, “HWHEE{LT % (Hashimoto
et al. 1976, Sekiguchi et al. 2001). TOFLL -Z#K
Bx e MR ET 2 LERBERPEN, & XT3
WRREIC L DT AL bHBILDD, ABICKS
B omltid, aRmtsovic BEREHE RERE
FREGEELL TV,

ZHHREES W CABROMAEK S & bl ABOMAE
NoZEERIE, —HECEBIWIHEREEEDOEREIC
RELREITERO—>E LTEETHLEEZ LN
5. ABICL 2 HAOBEEE X DEFMICAEIAL,
BESATFHT 220, BRE-7) v IrHEES
Ebic, BERERIIBVLTARBEOHNMMES i OBEEL
e (FElk) PREPTEOL S IKEET 50
SITT BMEND D, ABBREGHEEICEVTEICHK
BREN TR AEHTTEEL TV AT TIRI
, EEEHRGEY Y757 Yy, MBS
EERBIEFHORAEZL > THAELBASEREL TR &
FEAoNBI s, BEARICHI-TEIER ) v
KEEPFRS N RGT TORERSB R0,

INET, EESRIABOMBEICHELIKEELEZZD
N3 20CTHEREERRETY, BHEEHRT 2R
BHEOMEHRENK L, MEAPERHIRRECH 5 &
&, MRENOEESRBEHEOTMCH 5EHET &K
LTI 50 (Matsuda et al. 1996), ) v HIfRIREEIC H
2EEICHEL B (FAEHIED 2006) HEBH B &%
Eomic LTE R, L2AT, KEE, BEEEHRcBL
T, 10CHhETcomBEPERINTBY FIFRLIEKE
RIS 1998), 15 CHRECHIEENSS B BEEE
fbta ¥/ &MPE XN TV % (Hashimoto et al
1976). x5z, EEHRRBROERICL S &, A catenella
BLUMD Alexandrium BOMBENEE & KB & DM
RITH5WTIE, HHEcE L 72kiB & D $EVEH T T
fERNBENS L B BERND B T &4, KEEES 5
BEGTTORBRRICL VHESI N TV 3 (Ander-
son et al. 1990, Navarro et al. 2006, Ogata et al. 1987,
Ogata et al. 1989). T oD &b, AEH 15CT
MIEANKERD B0k YHIBRE L - 258, KEH
20CHh 5 I C~NEET T3 & THRAZSES LR
L, “HWEBFLLLT K 2AEEHR RV O», Fi,

MIEANEENS KA Ebh> TV BEKEE ) ~
FIREMNENL S ET, MERNBSENREDLOLTEKLS
BhidisnohbEiEsnsg, 20CLTT, MEARESR
BBV VHBRIREICD 5 - x0ABEOHBEANEES
S UBHERLOEEBE S hicd 52 &3, KEMSHE
AHE KRS, £<IK20CL D ERVKEBEEBFETTD
FLV R AFETE 5 A TRETIEBTER,

Z IT, FHFETIE, BEKESH T CHIRREEOH
BRESMEL, MIEANERD 50 VHBRIRECD
BARED, BfHfas 0 OBRERS L UCEERILSE
DX IEHT 2p, FOMEAMEBESLICL .

MBS UFE

AR

ERICIAHARFEREROLEFFER L S52% 1987 &
KARKLERIEORRTO VX F2RFSE, thk
D 538U 72 Alexandrium catenella TNY7 (JEE 27 o —
VR RV

EEEH

ETOBEFRIL, ERE 80umol m™2s~!, EAREH
14 hBH 10 h 5 (6: 00 s=XT, 20: 00784 TiT-
7o, AERFOMEIREEIX FeTY (Fukami et al. 1992),
ST10% ST107* (Ishida et al. 1986) FHli& i\ F- i
HEr ¥ & U DAPI (4’6-diamidino-2-phenylindole) 4,
I & B E B (Porter & Feig 1980) ic &k W FERL
7.

iSRS ORER

FEGEREE O BB X CHBAHERTOHIZN
FREEEEEOSIT D0 DEEBEIT O BRI HRET 3
to¥bic, REOMESHSITON B EEZL /2.
200 ml ® SWIIm ¥l (Sako et al. 1990) D A - 72 300
mlEZ/7 520, WEEHEHICH 5 A. catenella
TNY7 #8fE L, LioEE&H T oEEET-7. —
BRIchIcD 30T SIcBEBEERWL, bR
BADRSA FI7 5 22HCTHEIBEMET cEETE
Bk DEEBETo 2. HBRIT, Ny FEICKD 24K
TTIT» 7.

ERTIRT COFESGEE HohUHEREERL
7= metals mix SWII ¥#fi (Matsuda et al. 1996) THIi4
BELILARE, ZEXRWR(EHR 1064M Y 9.2



94 BAZS 7 b vEoW $54% F28 (2007

uM,N/P I 1.2) EiicEE L, AIEELRCKET 17
B, Ny FREBZTOIEEL Ui, FIEEETR,
K 10,15, 20°CIZBWVTHRE (D) 0.06d™ I THE
FeBE (Nakamura 1985, Tilman & Kilham 1976) %
T,

UVHIRTTORERIEE Y HIR (EXR: 420
M, VU v 043 uM,N/PH97.7) &1 A &S IcHRIL /-
metals mix SWII #31 (V) 4IFREH) 35200 ml A -
12300mIB=ZA7 52 CABEERL, AiEEEL
T 20 BfE, 7Yy FREEEIT - /2. 20°C, 15°CTOYqdE
RBECFEHT 75221, BEER ThTholRET
BIER 21T - 7048, 10°CTOYEFEEEICFERT 7 5
Z 23, BER 7 BRIZ 15°CTREL, £0%, 138
i, 10°CTCHIEEEZEIT - /o, FIEEKTHE, 7KE 10, 15,
20CIK BV TAHMRED) 005 dHic THERILE
(Nakamura 1985, Tilman & Kilham 1976) 247 - 7-.

W EE ) EFRED) L oEZRiE, UToR
(Nakamura 1985, Tilman & Kilham 1976) T&3 I &
MWTE B,

u=-—1In(1—D)

ZORMS, BFRED) 0.05d ' TEHREILH B &
EDOARBO HIETHHEE X 0.05d 7! LEHEEN 3,

STEERERAIC & B A. catenella TNY7 % _Fad & [F UBH
REREILH, YeoREE 80 umolm 2s7), 20°CTHEEE (v F
HER, FBEEESAURET) L, MEsEEoZL
PEHELLER AEOHBEASZIE2:005 11:00
OfficEhT 3 &hibh ok (Fig. 1). COEREE
12, MRS T LA 11:00-12:00 KEH, &7 5
Zah s 10ml(=200XDml) OEERERETD, &

Y
[92]
3

g 88

g

Cell density (cells mi")

T S B A B B
8 12 16 20 0 4 8 12 16

Time (hr)

Fig. 1. Changes in cell density of Alexandrium
catenella TNY7 during a cell cycle in batch culture
under a photoperiod of 14L: 10D cycle (light on at 6:
00 and off at 20:00). :

BOF I BERFIREEB Loy v EIREARML
fo. REWBE H5VIEHEMT s80BIE, BEFREE
BOTEBARAET A LIk BRLL, KkExll-1t
EERPOMIEE R, FBAVZSA KI5 2E2HV
TR EIME T CHEETEEIC L DB L .
ZRFET coYEREETII 40 BRI, Y V&IET
TOXEFEE T 34 AREELTY, EERKEOD
Al RE T O BZ (0 : 00-1:00) (Fig. 1) i &B06} % HREX
L, MFEASEDOSS L UHIREEOHEICH L .

PR EZO S

RO BESTO Y, MESHBER OEZ] 0 :
00-1:00) iz BEic X O HII24EEE L, 0.05 M Fefg
A BEREER I X 0 iBNORERREEmMEB Lk
% (Sako et al. 1992), ¥3¢-HPLC (L-6200 pump, F-
1050 fluoromonitor, Hitachi #t), Wakosil 5C8 # 5
& (p4.6%x250 mm, FIs) 2HAVCKREHEEFORE
HEEBEAHT L7 (Oshima et al. 1988). 1 fifacics
EFN 3T RTCOMEREBRSOTE BRSO
BEE fmol cell™!) & L 7.

= S

f KLy RBS R D FERT

A. catenella OFIRZENT, BEEABARA» S 6 IFHEIER D 2.
00 & b LRy, MBS S 5 KR OBE 11
00 LI, BiIF—F & -7/ Fig ). T Enn, R
BOMISZIE, 2:00-11:00 OfficiThNn 3 I &238H
ST o, TOEREEI, FEEERICBITAR
M2 M2k THO 11:00-12: 00, FEHRE
SO H OREEMBSHRERD 0:00-1:00 27T
&kl

EZFIR T COREREERR

ZEXRFIRT CORBRTROMBPEE LS, T
TONKEBEHT TR AL 5% OMEXMBEHFENTS -
1z (Fig. 2).
FNENDIKIE (10, 15, 20°C) L EE4HIBOMAED
i+ s AL D OBREE fmol cell™) %
Fig. 31T/RT. 15, 20°CTERFIBIRET IcH 2 KED
Bflas -0 oREER, £h €150 38 fmol
cell”' TH - tz. —F, 10CTEZRFIRIRETIcH 54K
BEORAHKS 72 b OFERIE 19.1 fmol cell™! &, 15,
20°CTERFRRETIcH 2 2L D bHEL B - .
I0CTERFIRTICH 3 KBOBMNMIES 72  ORE
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Fig. 2. Daily changes of cell concentration in
nitrogen-limited, semi-continuous cultures. The
dilution rates were set to 0.05 d~'. Inorganic nitrogen
and orthophosphate concentrations in the input
medium were 10.6 #M and 9.2 uM, respectively.
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Fig. 3. Effect of water temperature on cellular toxin
content of A. catenella in nitrogen-limited, semi-
continuous cultures. The dilution rates were set to
0.05d~L

B (19.1 fmolcell™!) 13, 15°C-EXRFIETTELL L
DX 3815 20C-ZHRFIBTTHELCL 2DH5.0
{%%75) =l

Gk, FREEYEH B (mol%) % Fig. 4 1/RY.
AN D RS OFEEE & 7 OREELEL (mol%) 13, 7Ki&,
HTIRRIC PO OFTRIF—ETH . FELERSE
LT GTX5 (37~44%), C1+C2 (31~50%) 2&ATH
D, H0IZGTX1+4 (6~14%), C4 (3~10%) TH -
7z. 10°CTid, 15, 20°C &KL T C1+C2 A550% &
PREL, GTX1+4 5 6% &EPPED - 12

U VHIBRT T D3Rkt

) VHEIBRT TORERTROMIARE DL 15,
20°CTIFATE L E10% DHEXI A ZEE A T b - /2 (Fig.
B). 10°CIT B 2 EEK TIFOMIRHEEOLEIET16%
L, TOREEREIGEL TOWIE D - 7208, BREREE

e NEE
E 80 |- B emx1+4
5 F C1+C2
=} 60 L

D a MM emxs
8 40

1 r

8 r

g 2O

3 :

— O :

10 15 20
Water temperature (°C)

Fig. 4. Effect of water temperature on toxin compo-
sition of A. catenella in nitrogen-limited, semi-
continuous cultures. The dilution rates were set to
0.05d°L
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Fig. 5. Daily changes of cell concentration in
phosphorus-limited, semi-continuous cultures. The
dilution rates were set to 0.05 d~!. Inorganic nitrogen
and orthophosphate concentrations in the input
medium were 42.0 uM and 0.43 uM, respec- tively.

FORALLTLE -7, EHESMHEICTEELZK
T Lz,

ZhZFhoKiE (10, 15, 20°C) &V V4RO~ &
Tt d B BAE S 72 0 OiRER (fmol cell™!) % Fig.
61T/RY. 15, 20CIcBVWT Y VHIFRIREER THEE L -
AEOBAIMEL 2 ORFBRIE, THhTH61.0, 64.1
fmolcell ! TH -7, —7h, 10CTEEELILE S, KE
DHAIHED 72 0 OFAEFEIZ 104.2 fmol cell™! &, 15,
20C &0 bEALL. 10CTY Y4IFE Fich 2 AFEDOH
frfmiad 72 v OFRFE (104.2 fmol cell™) %, 15°C- Y
VEIBR T TEZE L & 20 1.7 1%, /KR 20°C- ) ~ 4l
[RTTEELLEXDORN 1.6 5 - 12,

EIRkIC, FREME SR (mol%) % Fig. 7 /R
HERE P D ERS OTER & 7 Ok (mol%) 13, 7KiE,
FRRICLLDLFTEE—ETH - . EELERD &
L T GTX5 (34~42%), C1+C2 (48~60%) & A TH
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Fig. 6. Effect of water temperature on cellular toxin
content of A. catenella in phosphorus-limited, semi-
continuous cultures. The dilution rates were set to
0.05d7L
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 OF
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Fig. 7. Effect of water temperature on toxin
composition of A. catenella in phosphorus-limited,
semi-continuous cultures. The dilution rates were set
to 0.05d7 %

D, B IEGTX1+4(2~10%), C4(3~5%) TH - 1z.
F12, STX (0~0.1%) & %\ i3 C3 (0~0.1%) i3t &
niswip, IOBEREEN.

% =

ERFIET TOREREETE, WIThOKEBEET
KBLTHEELTROMEBEDLE T L% LUNT
Hotz, TOTEMD, TRTOEET CTHEERTE
ZRIEEREICELTWEEIONS. —F, U vl
R ToFEGFEETIE, BMERTHOMEECES
M 15, 20CTIREIONLINTH > Eh b, RiFiE
BEEFEREBIZELTWEEEZSNS, LAL, 10CIKK
B3 EERTHOMBEEEOEHII 156 L PR
2, RBIEEREBIGELTVWA LR VWA EE -, 2
B, 10°C- V) VHIFRIREET TORBR TRIOMIAEEZL

¥ 54% FH25 (2007)

{bid, DELICBMERICH > 12 2 &5, BEEZHNOD
BEIL, THIREEE 12 - 72 & 2 O HEHEEE 0.05 day ™!
LD LEPPEVEETIEELTWLEEZONSE, LI
MHoT, 10C-Y VHIFRIREET CORBEARAND, BE
BTHOMIEN L, BEL-ARBECEERSETIREE
Lol E2XbbTAICELLY VEBRIREEICSH -
LMl N B,

I5CTERFIBTICH 2 REOHEAMITHL 72 DR
=8 (5.0 fmol cell ™)) 1%, 20°CTERFIRTICH % AEE
D#RFER (3.8fmol cell™) LD bRRE» - 12, KE
Brehoto, F1, 16°CTY VHIBRTICH 2 ABEDBAT
D 72 0 OFRFEE (61.0 fmol cell™!) i, 20°CTY v
HIFEFicdh 5 & = (64.1 fmol cell ™) &, EIFHE LT
bHote, TOTEnDL, HMIBNPERTIBRIKE, U
FRIREES B & DA D, KEM 20Ch 5 15 C~EET
TR LI DB - D DIRBRICKENENSH
L EFEWEEZIOND, K (A catenella TNYT)
DOWIEHEEF 15°CLD b 20CTRPEVLOD, &K
FEPAINE L 20°C L 0 & 15CTHEMITKEVT Eh S
(Matsuda et al. 1996), 15°Ci3 20°CIicVLiid 5 H#E5E I
BLIKBETHREEEZOND, ABEOWIEICKELE
{3720 156~20°C T, MlENOER - ) VHIROE
B, KEUAOBERGHIEADOREEEKRE A
IEHTVWEEHEEINS,

EHZHEIET, U VEIETE b, 10°CIcB T % BAL
fab - b DRFERIZ, 15°C, 20COF N &L TEL
oo to., REEENSHDCHZEBTTREEREL K Alex-
andrium B DOBAFHE S 72 0 ORBET, BHEICHEL 2
KBEHT L0 EKESZHTTEL B2 EMIH 2
EDERE XN TV B (Anderson et al. 1990, Ogata et al.
1987, Ogata et al. 1989). SEIOHERIEEL» O, KEE
Hh+oicd 288 T LRI, 2252013 VA%
[BanE&HETicBVWTh, BB L okiRL D K
IKIBSMHET THAMIE S 72 0 ORBENS < 73 5 [ H
HBEDNDDE L.

SEOREE T, BIRDOEBD 10°C- ) VHIFRIREET
TOEERTETOREERENEONTEST, HTE
L7z IR 0.05 day P S0 & BEL WY Vv HIFR &
HoTWic LI NS, ABEOBEMMES 2 DiiE
2, N vyEEMEL, HIEEREEL LI
ONTEL BB EBPES I >TVSE (HEIFH
2006) T &5, 10°C- ) YHIBRIRAE T 1238\ T HLIEhE
BE 0.05 d7 THABEFRENE S NIEE, B
fmiad 72 v oRBER, SEORBRTES N E (104.2
fmolcell ) kb &L 53 L FEEN S, 10C- Y v
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10°C, P- limitation
(This study)
10°C, Nutrient replete

condition [
(Matsuda 1995)

10°C, N- limitation [ ]
(This study)

20°C, P- limitation
(Matsuda et al. 2006, This study)

20°C, Nutrient replete

condition .
(Matsuda etal. 1996, Sakoetal. 1992) | ’

207, N- limitation .
(Matsudaet al. 1996, This study)

0 20 40 60 80 100 120
Cellular toxin content (fmol cell'1)

Fig. 8. Comparison of cellular toxin content of A.
catenella TNY7 in phosphorus- and nitrogen-limited
cultures at 10°C with those of previous studies.

HIFRKET coBRMMad -0 OBRBEISDVWTRE, B
B, TR EERETCOFREITOMENS B,
SEOHBRTE LN 10°C-) VR T coREDR
ARl S 72 b OBER (1042 fmol cell™ ) i, ThFT
A. catenella TNY7 %R W\WTIT-» - BEHER (Matsuda
et al. 1996, Sako et al. 1992, #AH 1995, HHE»
2006) O TR bEM - 12 (Fig. 8). L»L, 10C- Y v
HIFR T COARBOWEIERE L, 0.05d™ LT EHESH
BT EMD, BREREEOYENERS 5\ IdAEH
B OWERPENMFOEYFHIERIC L 2EREO DI
HIAFEESE 1B - 1254, 10°C-Y Y& FTtlikE
DELT SREENSEL SN B,
HBRET->cvwTFhokETd, ERFRTTRY v
FRRT & b S ICHIENEBENMEC 72 » fo. FREH:
HERN I, TONTFHEERNICEZ DERETEEAT
BO, BHOMEATOBESRKICIEI 3AFOTVF =
VISKETH B EEDLN TV A (Shimizu 1993). <o
TEho, ERERT CREEAGKICHEZERFENAR
EL, iAo s 3 EEESOEN DL
BoftkDICHENBRMES B> TRE VN LZE
Zohnd, —%, U UEHIBT cHEBRZEENSE L1
CEPMRENOERNH LBRME D 2OME I MO
T3, SEOHBRERY» SIIAHTH 5.
mianoEEd, BEKS VRO N/P Hic
FOEFHL, ) VEIETTREN/PHSELLBIEoh
THEANOEENE KA ERICH S T &85 Alexan-
drium minutum THE X h TW 3 (Maestrini et al.
2000). KEic>0Td, SEloHABEF—FHT
(20°C- Y YHIRT » HIRE 00547 THEEKO N/P

s 219.5 DIBAIT 84.9 fmol cell ™! GARIZH 2006)
TH - HENEEY, EERO N/P s 97.7 LEW
AEIOFEERTIE 64.1 fmol cell™! L{EL > T3,
BEDON/P P 97.7 L0 bFVEEKREHVT, 10C
H5Vid 15°CTHEIRRORRZIT - 12384, HIEA
EEISNORBRTEONMEE D &5 1 2 AR
b5, —FH, BEREBTICOVTIE, 20C-EZRHBET
(FIRE0.05d7!, BEKEO N/P Hh=12) TOLEDE
B4 3.8 fmol cell™' &, N/PH=0.16 It TsO&
B —%&HETCHREBEIT-> 2BESD 428 fmol cell™!
(Matsuda et al. 1996) S BIERUTH -7, DT &b
5, NJPE=12 k0 $EVEEREHVT10CH 3
Wiz 15 CTHEIRBORB LT - 184, WEREER
BEEIOHRBHEEL ZERUL, 303, HENOE
FERBHE L BB ETILIREBAKBZLEZON
5.

SEIOHB T O OFERS - BHEAMLE, chZE
TD A. catenella TNY7 DIEERBER I RKER LD -
7= (Matsuda et al. 1996, Sako et al. 1992, ¥2HiFH»
2006). Alexandrium & DRI O EEK ST - B
i3, BEKECIPOLTEHSLVWIEE, ThET
I HIEfI N TEB Y (Boyer et al. 1987, Boyer et al
1986, Kim et al. 1993, Ogata et al. 1987, Parkhill &
Cembella 1999), SEIOFERII NS E—FKT 5.

Pl &35z, 15~20CTi, KiEL b bHENDE
F ) VHIRORBESRNEOCBAMEL 7 ORBEE
RELEBXETED, HEANY VHIBREICH 2 &
%, BlES 1 0 ORBEVELBIERICHZ T &
RS IICIE 5z, F7, 10°CTOBMNMES - OB
BEIE, RV VEBELIT, 20CL0 bEL, &5
i, BERHETLD Y YEIRTTE B2 EMIKCSH S
TEBHOICE -, XU, 10C) VEIB TS
3+, Bflas 0 OREERMN I TORERER
OHTRGEL BB Ebh -, —F, flANOE
msy « SRk, HIFRERE ORI - KBEEICLD
RELSEH T2 L3N, FE—ETHBIEHHS
&5 o 72, '

A S n i RBREERE D &, ABROMIEHEE S E/DE
Hich b & ZREOBENHENT 2 FoIkiLEKE
BT 1998) &V e AREOHE - MREEE & HES
{b & OWHMEIRERRIE, BEHHRIcAER T 2 AE O BAHE
fas o b DRBEY, BEERICIVEH TSI LhZ
ORERO—D>TH B LEEALONS. G, HiGEEICE
BT 3AEOHMNES - OKRERL, HENOE
RV VERFEENEL, ABMRNOER Y vl
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FRIREEDS B HNAS 7. b ORBEB I UCHBEKEE - &
BSN3FEEEEBI 0L Y BEELRIFLTVS
PRRET B LENF B,

E] 3

EHEOFEITICH 2D, Alexandrium catenella DI
Heso—vikeEfBEOIREET L LI, HPLC
BOEAMIC L ZRREEHBOSTEE CHEEB KISV
Lo RERFREHIR AHEESERE, TERERE
EEREHER EFFERECLIDEHVLET.
T/, WEMHRBOEEYEL CRECKsVE LR
ERFERERAGRERER KBREEE, HIRFE
BEHE Tor BEEOEDBILEBELESET

51 A 3|
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