[1 O Cylindrotheca
closteriumU 0O 0O 0O OO OO O 0O O O Heterosigma
akashiwoO O OO0 OO0 O0OOoOoOoOOd

mEN godooooooogn
ISSN 03878961
oo gg,oo
oo,oo
oo,oo
go,od
0,00
ugo,oo
oo goooooogogd
0/0 570 10
goooo p. 13-20
goono 20100 20
00000 o0oO0o0ooO0o0DUoo0o0oUoOo0oUoooUooo er
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council @ ui INnow quge

Secretariat



Bull. Plankton Soc. Japan 57(1): 13-20, 2010

BRSO by
FE

© The Plankton Society of Japan 2010

EEW: Cylindrotheca closterium MWSEEH: 3 29715 7 1« N
Heterosigma akashiwo 123 57 L a/X ¥ —YE O [F]E

WEHEFTD* « /NEEEED 2« hREEEY « RS 5w 20—« [Kig Y

U HARKRFEEYEERFE  T252-8510 fiZs)IE R B 1866
DALt 5 v B4 T250-0042 HZE)1IE/NHIFTHIKE 464
3 BB EEYE AT IERRE T112-0004 BT HIX 424K 1-4-25

Identification of allelopathic substances secreted from the bacillariophycean
Cylindrotheca closterium inhibiting the growth of the red-tide raphido-
phycean flagellate Heterosigma akashiwo

NaoYUk! UcHIDAY*, TakAHIRO KoziMA 2, KINGo NAKAZONO?, RITUKO KATAGIRI®,
Koicur ArRAY, AND Juro Hiromr"

U Department of Marine Science and Resources, College of Bioresource Sciences, Nihon University,
Kameino 1866, Fujisawa, Kanagawa 252-8510, Japan
2 Plant Bio PLC, Ogikubo 464, Odawara, Kanagawa 250-0042, Japan
) Chemicals Evaluation and Research Institute, Japan, Kouraku 1-4-25, Bunkyo-ku, Tokyo 112-0004, Japan
*Corresponding author: E-mail: naoyukiu@brs.nthon-u.ac.jp

Abstract We previously proposed that growth inhibition of Heterosigma akashiwo (raphido-
phyceaen) during mixed cultured with Cylindrotheca closterium (bacillariophyceaen) might be
brought about by an allelopathic substance produced by C. closterium. In this paper, we
reconfirmed the allelopathic phenomenon to be caused by an algicidal substance secreted from C.
closterium and then identified the allelopathic substances to be fatty acids such as c¢is-6,9,12,15-
octadecatetraenoic acid (ODTA).

The cell numbers of H. akashiwo in a unialgal-culture in medium filtrated with a glass fiber filter
from a unialgal cultures of C. closterium under the initial stages of the stationary growth phase
(non-treated medium) decreased significantly to approximately 5% of that in Erd-Schreiber
modified medium (control) within 72 hours after the beginning of culture. The growth inhibition
was unaffected when the culture mediums were autoclaved or nutritive salts were added to the
non-treated medium, and when both treatments were combined. From these results, together
with the failure to detect eicosapentaenoic acid in the non-treated medium, it was strongly
suggested that the growth inhibition of H. akashiwo was caused by an allelopathic substance
secreted from C. closterium.

The fractions (Rt53 and Rt55) with algicidal activity were purified to chromatographic homo-
geneity on HPLC by sequential procedures consisting of chromatography on a reverse phase
cartridge (Oasis HLB), HPLC on a gel filtration column (Superdex peptide), a reverse phase
preparative column (L-column), and a reverse phase analytical column (L-column) from the
non-treated medium. The 24 h LCs of Rt53 and Rt55 for H. akashiwo were 50 ng mL ! and 47
ng mL !, respectively, which is similar to the 24 h LCso of ODTA (72 ng mL ).

LC/MS analysis by electrospray-ionization (negative) revealed that Rt53 consisted of two
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components with a precursor ion (M—1)" of m/z 249 (Rt53a) and 275 (Rt53b). The precursor ion
of m/z 275 generated product-ions with m/z 231 (corresponding to the molecular formula of M —
COOH) and 177 M —C4H¢COOH) by LC/MS/MS analysis, of which the profile was the same as
that of a commercial ODTA. From these results and the acute toxicity to H. akashiwo, Rt53b was
identified as ODTA. The precursor ion of m/z 249 generated product-ions with m/z 205 (M-COOH)
by LC/MS/MS analysis, suggesting that Rt53a was a fatty acid of Ci6.3 and molecular weight of
250, specifically hexadecatrienoic acid (HDTA). Rt55 presented a precursor ion with m/z 283 by
LC/MS analysis and no product-ion was revealed by LC/MS/MS analysis. RT55 was speculated
to be stearic acid because of the molecular weight of 284, specific fragmentation of the saturated
fatty acid, and similarity to Rt53 in the chromatographic behaviors on reverse phase HPLCs.
However, the commercial stearic acid did not possess acute toxicity towards H. akashiwo.
Therefore, Rtb5 was presumed to be a stearic acid-like fatty acid such as 10- or 16-
methylheptadecanoic acid.

Key words: allelopathic substance, Cylindrotheca closterium, Heterosigma akashiwo, ODTA, HDTA, stearic

acid-like fatty acid. 24 h LCsg

I C &I

75 v b v OREFEFEICERT 2R RN HO KR
EELCHLAHEEE LREBEEL L. b
FEl o AR 2R 0 73 PRSI C & 2 il e C D FREIF A A
3 1970 FRICE— 27 10EL, ZOHBRFELLTVAE D
OFeFELTWD (KIK 1999). T D/ow, FREIFEEKE
ORI & b I TREBBR R O N E F h, TR
VN9 A RN X OAERESEN IS A5 O HFZE S E
SN F I FHREIBRAENRERINLTVWS, Ly
L, BUR IR BT & 2 onmi A e ik s s 2 A
ftahtcosTchy, WINOHEGERME EERB
L OBREA D IRHEE EORED S FERICEE-T
Wi (Shirota 1989, FfIMIEA 2002, R IEA
2009).

I, BREGICR & L WiREIB bRE & U CAEYIFFk
OHIDPRIEENT WS, TO—DITHIES Y A VRS
EOREEMAENE R VB HENS D, T ORI -
THEBED ST TWw 5 (5H2008). HREMEICK S
REEEPEIS (S E B L RERYEIC X 5 b DITRAE
n, BEYEE LT o7 7 —€ (NEiEh 2003) B&
O7ruvEFA v VLRI ARBERTH S PGL-1
(Nakashima et al. 2006) 72 ESEAS i STV 5,

fho ks Ly Lo 7 L e vy — &R
2HENEHS TV S, KW RADKA YD 7 v e
Ny —Z R LRSS SRIBEN TV S
(h31E 5 1998, dAFI1EA 2000). #EiEEICH W T H AR
MBI B B WIS R IR s CEHE I »
1986, Wang et al. 2007) & %\ (3&EHE (Lam et al.
2008) DABFEHIMT 5 EnRMoNLTVWS, £,

Chattonella 77 & FEEE O EIFIC (B OMHBAN B 5 T &
(CKIE 13 1994), & 4 & # Heterocapsa circulari-
squama LBV 7 5 v 7 b v EDRAREEICLD,
H. circularisquama 7SFEMEA A RS L, B I3EE
I LEOFAET CERETNMBEZ KT 522 & (NH
1998) 75 & A & piRiE I < B o #H ELAEH ORI 3
HTHB I EMRBENTE.

DX BBED S, JREE & HEH O BEIEH 2
MEta N, 57« N Chattonella antiqua D3EERE Am-
phiprora hyalina & DREREICED (FTFiE» 1994),
FE: Skeletonema  costatum 75 Heterosigma akashiwo
BEDT 7 4 NEOHEREKR CHIEHE SN S T &5
mancTwsd FiEs, 2000). %7, S costatum &
H. akashiwo \ZEAEEICE 0 SEE D & OB DR
EZ2H%4 5 2 &A% Yamasaki et al. (2007) 12k 0, 73
HETE#E Akashiwo sunguinea O FEGESEEREH O R A 1R
TR EN B T EAREIE D (2008) Ik D Rwikah
TW3, TNOOHAEMFHIZRT Loy —YEORS
DRSS N, TOWEITSOVWTEAHTH 3.

[AHEE 5 (1995) 1, H. akashiwo D% E D3 H#E: Cy-
lindrotheca closterium & DIREEHICL D FH L L HE
SNnbTEERWEZL, ThiF C closterium b5 H. aka-
shiwo 1T 37 Lo Ny —WEEEAL TS D&
HERIL 7. ABFETE, CTOBEMNT Loy —PHEIC
R 2 2 EA2FIEL, o7 Loy —YEEREE
L.

M# L&

it
s Cylindrotheca closterium ($ A & D ERELL,



WHE A EEEEDEET 5070 7 7 « FEICHT 27 L ey —YEO[EE 15

ORI KD HEE, WELLcs v — v, S
7 « N # Heterosigma akashiwo (ZENTIEESUIFTAT « 4
VISR K D I NI 7 o — YRR (HH
L7, OasisHLB# — bt U v ¥ (50mg) 137 + ¥ — X¢t
%1 (Mass, USA), 7 VAMBA T LT LY v LA X
4 = v 2% (Nj, USA) ® Superdex peptide HR 10/
300GL, #HH74 7 £ 3 LFYVE SIS (B,
HA) @ L-column ODS, #XU'¥ 2-69,12,15-% 7 %
FhF T VEEODTA) Y 7/ =-T VK o FiEl
(Mo, USA) #fl\ 7z, ZoOfhoiksEid, FOLMZE T3
OB (KB, HA) 0B ohsxmfED &% H0
7.

BEOES

C. closterium OHERKELE L, FEIL OF 5 x#l
=f47 5 22l 2L ® Erd-Schreiber xZ& &K (HE
1988) 2 AN, & — 27 L — 7 (121°C, 20 5D
%, 12X10%HHiaD C. closterium % MEFEICERE L,
IEE 8,000 Lux, mPE 235+1°C, BHEEEHA 12 BT
7= 1z, H. akashiwo 1, 755 200 mL O 47 5 2 B =1
7 9 2 3 %MW 150 mL @ Erd-Schreiber o 25 5 2 ik
hCeEBEICEEZE L/, 753, Erd-Schreiber tiZE:E&%
HoigKE U THRIINRKESH €Y 5 — (ZR) &b
SN ABREEKE RO, BEEOMEIRER,
PR 2 P EE 8 ICECE O (BEH 13 2009) ICHEML
LCHEEE L. 4 1b b, Bf/2 WARISHRKICEEE 2
X10% fifa mL - i/ 2 RICHERE L, MR 3,000 Lux,
R 2351°C, MRGEL] 12 BT 1~4 BEE%RO
BT & 2 B O FARDILC & 0 Hllkr L 7.

BEEHORE

3ARDH 7 AEx vORBEDOZ LTI 10 mL @
Erd-Schreiber i E AN, A — b7 L —7HHE
(121°C, 20 53D #, H. akashiwo % 2X 103 ffa mL !
WK AEHICEE T CEMELL., ChIC20uL 0V 2 F
WZINT 4 A F v K (DMSO) AR AR L, RE
8,000 Lux, #@FE 23.561°C, MARGEMA 12 B cHEE L
fo. 2 75 R % o AR ERAN R g A BRI BT T TRIE
L, v bre— (WHRINEE) & ofifakio i, 54
FREFHLGEEE LTRLE. 0B, JITOERF
FlEn=3 OFHEL L TRL.

202 TS T 4 —
va< b7 57 0 =% HASNGER B JASCO
GULLIVER SERIES (£ v 7: PU-980, #Higs: UV-

970) W Cirote, Fuvsrwmrsa< 757 14—
Superdex peptide HR10/300 % H\, B &1 85% #
8% 7 —)v (MeOH), ##1Z 0.5 mL min ' TfT-7. &
BH®MHZ va< b2 57 4 — i3 L-column (10 X 250
mm) % W, &EH I 80 43T 85~87% MeOH D H AR
75 vx v b, il 2.0mL min ' TIT- 7. OHH
WitH7 o<+ 25 7 + —3 L-column (4.6 X 150 mm)
2R, B E 65 4ETT 80~90% MeOH DHEHMR Y 5
vr vk, Wi#liF0.8mL minT! TiTo7. F/, W
NoWE bAEHKIE 2156 nm OEETcE=9—L, %
wmTiT- 7.

LC/MS 43#7

H & 45 13, Hewlett Packard L %! (Ca, USA) ®
HPLC (HP1100) %2 %&{# L 7= Micromass %! Quattro
II (Mass, USA) #H\, ESI (negative) 7EIc & 0 17 - 72,
HPLC &, 4#rH L-column (1.5 X150 mm) =\, &
Bt & MeOH/CH3CN/10 mM CH3COONH,;=76:20:
4(v/v), #iE: 0.1 mLmin~!, # 5 &7EE: 40°C, Scan
range: m/z 50~400 T{T - 7z.

7L oNy—DHESR

IAHEE 0 (1995) 138, BI% L 72 C. closterium & H. aka-
shiwo DIRGEEFE I T % H. akashiwo OIEHEIIE I (X
DC. closterium & % W IFILEW/NEYIIC X 5 H aka-
shiwo ~DEFENINE, QREGHEEICXZKREBROA
B, OBBHRTICHEET 2WE (7Lrey—UE) ©
AREME AR E T 72, @b - EbENS LVEDEEZ
itk EF otz 2T TC closterium D EFEIAWIHAD
BN OS5 X 7 4 /5=7 1 V¥ — (ADVAN-
TEC 75) Ic & D #k %z AR L 7o ik (LIRS 5
) 1T, a) KEROHEARM, b) 4 — bt 27 L—THHE, c
=7 L= T7HEB X OCREBEROFARME WS 3
DO ZfE L, H akashiwo DHREEE{T-7. =D
fE8, Erd-Schreiber A REREK (2 v o —v) ThE
# L 7c H. akashiwo 13 72 BRI I3 5 fIc B L 72
7, a)~b) DI ZHE U 7o B E K < IEAIEEIEE L <
DL, T2 BIRICIE T Y o — DR 5%IC biEE S
H. akashiwo OYEYE (I BULERREEE A 77 & 12 [EIRRICBHE
SN (Fig. 1), ZofEHiE, mEOEALEEICBT S
H. akashiwo DO¥EHEIE L C. closterium HEEEST 5 7
Loy —UBEICRRT 5 & e R L 7.



16 HAZZ vy b vail §57% 1% (2010)

—o— Control

104 s

--&-- None-treated
Autoclaved

103

—a—  Added nutritive salts g
---g--- Autoclaved and added

nutritive salts

102 - - '
0 24 48 72

Incubation time (hour)

Cell number of H. akashiwo (cells mL1)

Fig. 1. Growth of Heterosigma akashiwo in a
unialgal-culture using Erd-Schreiber modified medium
(L], control), medium filtrated with a glass fiber filter
from wunialgal cultures of C. closterium under the
initial stages of the stationary growth phase (O,
none-treated medium), the non-treated medium steril-
ized by autoclave (O, autoclaved), the none-treated
medium with added nutritive salts (/\, added nutri-
tive salts), and the none-treated medium sterilized by
autoclave and then with nutritive salts added (X,
autoclaved and added nutritive salts).

Cell number indicated with open symbol is shown for
the mean of triplicate determinations®=mean devia-
tion that is included within the symbol.

REME DS EER

C. closterium DENIRREE A% % Oasis HLB 77 — b
Vo IS, B S 0K EYIE A 100% £ 4
/=Tt Ui, IEHESZRET, v —% ) —x N
R =512k 40°CLL FTHE L 72, HEY A8 E D
A —=IWITIERL, YIVAEsa<w TS5 T7 4 =T
L., Z20fEHE, =o>nov—2ichfsnhi, 2055
Krp/ N — TR ORFFRERE (RY) £9 37 PO EEE — 27 O A
DRREIE 2R L7 (Fig. 2). 2O —7 DT8R, 7
TERBEMORTF FrLRMb-7/7EA8300T
boto. AEESNIGEEE S A S SIS 7 o<
N5 T 4 —IC L DREBIL /2. Fig. 3 D& 5 ITHEMES A
HEERL, 3B LN ICANENSE 5D
E— 7 OBITHREIEWE ST Sk, T hE N E s
WKL BH 7 o< Tl L THEEL Rt53 B8 & U Rt55 %
el Co2lSESTTHEHE o< 757 4 —
WE D I LR, s 2 dE—72iE
v—7 &ZZ Lk (Figs. 4,5). &EIITH 100 L OEL#K

Absorbance at 215 nm

0 125 25.0 37.5 50.0
Retention time (min)

Fig. 2. Gel filtration chromatography of the fraction
extracted with a reverse phase cartridge on a
Superdex peptide column.

The fraction indicated with a solid bar possesses algi-
cidal activity

RtS5

Rt53

Absorbance at 215 nm

0 20 40 60 80

Retention time (min)

Fig. 3. Reverse phase preparative column chroma-
tography of the fraction indicated with a solid bar in
Fig. 2.

The algicidal fractions eluted at retention time of 53
min (Rt53) and 55 min (Rt55).

5 Rtb3 1349 20 ug, Rt65 134y 10 ug 18 51 72,

BEMEORTE

Rt53 Al471d 215 nm OO TRt Licy v~ » 7
57 4 —TH—L R Enin, LC/MS L 7iEE,
m/z 249 BLU 27527 L —H—A 4+ v EFT B D
DE—INBELTWAE I ENBD LN, £ I T,
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Absorbance at 215 nm

L/J_KM,/\,\,/\A,,

0 20 40
Retention time (min)

Fig. 4. Reverse phase analytical column chromatog-
raphy of the Rt53.
The algicidal fraction is indicated with a solid bar.

Absorbance at 215 nm

T 1

20 40
Retention time (min)

=

Fig. 5. Reverse phase analytical column chromatog-
raphy of the Rt55.
The algicidal fraction is indicated with a solid bar.

m/z249 BLUV 25D~ 7 0= 75 axBié
A, ZRNENDEBIO E -2 (Rt 2.94 /3B LT 3.11 4))
52 L7 (Fig. 6). 20T &5 Rtb53 s T 13 R Hr
MAMEEPLL o7 LA —% — A 4 v % m/z 249 (Rt53a)
BLU275 (Rt53b) &2 2 WBEAELTVDE O
&I L 72,

Rt53a, Rt53b B L ' Rt65 D% 2 2<%~ b L% Fig.
TA,BBXLUCITIRY. TnhEFh, M-HTH 27 LA —
Y—A A4 m/z 249,275 BL U 283 22 L, ThEh
DY FEIF 250, 276 BL U284 ThH 5 T & HHBHL
7z, m/z 249, 275 B L U 283 = MS/MS L7z & T
% (Fig. 8), Rts3b &, FLH—H%—A 4D m/z 275

100 1
&
é 50 m/z 249
£
wn
=
g 0
R= 0 2.0 4.0 6.0
£ 100
= |
=
Eé m/z 275
50 -
0 J
0 2.0 4.0 6.0

Retention time (min)

Fig. 6. Mass chromatogram of Rt53 detected with
m/z 249 (Rtb3a) and 275 (Rt53b).

100 249 (M-H)-
] A M-
50 ]
-~ 325
c\c 0 2173
~ MAN AR L REnERARE T T T T IRABARLARRNRARA | T 1
£ 100,
Z ] B 275 (M-H) -
5 ]
£ 507
g R 251 339
g G T TT IRARRIRERNIRET rn||-y|nr|I T TTTTTT .I.'.I' T 1
2 100
= ] 283 (M-H) -
] C
50
317 365
0 ARARS Rane RAsns bl RASES RALES AALY RALAS RALSS RARSS aaRAS LSS RaRRS]
50 100 150 200 250 300 350 400

m/z

Fig. 7. LC/MS of Rt53a (A), Rt53b, and Rt55 by
electrospray-ionization (negative).

Em/z 231 BEUEm/z 17T DT 0 5o b & v EHR
L7 (Fig. 8B"). m/z 231 1 276-45 (M—COOH) 12424
L, m/z 177 13 276-99 (M—C,HsCOOH) IZ #2473 3.

INSHDOT EN D Rt53b 13, Cig.a D ARFINGNIEE TH
HEHEN SN, =27, D ODTA DT R R~RY
FVEHBRLAZE A mM/z2T5 52T LA —F—A %~
T BB LI A7 b vER L (Fig. 9). &6, &
D m/z 275 O MS/MS i DFEFR I Rt53b Dz & 13
F5EaIic—, Lk (Fig. 10). 2o &5, Rtb3bid
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100} 249

50

0

100, 275
50

177

1001 283

0 e

Relative intensity (%)

50 ]

0 Freerreey e ]
50 100 150 200 250 300

Fig. 8. LC/MS/MS of precursor ions of m/z 249 (A’),
275 (B’), and 283 (C).

100 _

& 275 (M-H) -

&\t (M-H)

E‘ ¢is-6,9,12,15-Octadecatetraenoic acid

£

g 50

g

)

&

=

o) 231249 287

) el
50 100 150 200 250 300 350 400

m/z

Fig. 9. LC/MS of commercial cis-6,9,12,15-octadeca-
tetraenoic acid (ODTA).

ODTA THh % EFZ 57z, Rtb3a BL U b D 2 k%)
BT B T ENWNEETH - 1272, TD 2 DIEES
YIcd 5 Rtb3 ETfilk ODTA @ H. akashiwo W% 55
PEZ S L 72 (Fig. 11). Z OfE5%, Rtb3 @ 24 i LCso

13 50 ng mL~Y, ODTA @ 24 [ LCs (3 72 ng mL ™!
THHMEFE bIKHOEEEE LI 01 Rt53 ik
hote, TDZENSS C closterium BEAT 5T L
oY —ED—>1F ODTA TH 2 EMETE L. £
72, Rt53a DRAIC K BT LA LGN
Kb B LD, Rtb3a OEEE, Rt53b O & A%
Db &R s N,

Rt53a ® m/z 249 ® MS/MS S #ER, m/z 205
M—COOH)® 7w ¥ 7 ~ 4 4 v A&HR L, Rtb3ald
Rt53b & [EBRICiEEE Td », ODTA K 0 RFEEKM 2
W, —EEENIEDEVwAFFH Y o VR
(HDTA, C15H5COOH, 4y fi: 250) &l nsz. i
D HDTA AT TEIL Vo ORISR IE T & 13

§57% 15 (2010)

~ 100~
NS i
°; m/z=275=M-H 275
= m/z=231=M - COOH
=
é‘ 50| m/z=177=M - C,H,COOH
D
2
~N—
]
3 .
& R 177 231
50 100 150 200 250 300

m/z

Fig. 10. LC/MS/MS of precursor ions of ODTA (m/z
249) and molecular formulas corresponding to
product-ions.

100

Rt53 Rt55 ODTA

50

Survival rate (%)

0

1 10 102 10° 1 10 102 10° 1 10 102 103

Concentration (ng mL™1)

Fig. 11. Acute toxicity of allelopathic substances
towards H. akashiwo. H. akashiwo (2X10° cells mL 1)
is exposed for 24 hours to 0-10° ngmL ! of Rt53,
Rt55, and commercial ODTA in Erd-Schreiber
modified medium at 23.5+1°C.

Survival rate indicated with closed square is shown
for the mean of triplicate determinations*mean
deviation that is included within the symbol.

Moteh, 07 o< FHEN ODTA &IEFICHM
LTWBIEnoblDBENTHLLEEALON
3.

Rt55 13 MS/MS SHric &K 0 Bl 70 8727 A & v
BER LD -1z, £, Wi a< 57 4 —1ITB
J3EEARGBaB LU b EHELULTVBE I END
(Figs. 3~5), Rt55 (3 MRMENTYIE &Ll L TV 5 H
FEoEWEHWEN, £, 14 MLV EMD
FAFIIENAER O FJREMESHEII S N, DT = 284 DR 5T 1)
VEEFHIE NS, TOTEE, HYANA TV /ov—
DT — FEICTHINTVWERTT Y VIO~ R R~
7 b )V (www. hitachi-hitec.com /science / apli / pdf /
lems/ms070008.pdf) EEERIL TV 5 T &0 6 bHERIS
N5, LHaL, Rtbs @ H. akashiwo I[ZXd 351k T 24
B LCs0=47 ngmL ! (Fig. 11) EEWIZ bbb
9, HRR 770 VIRIZELS FEEERSBho/, 2O



WHIE 2 EEREDEELS 2815 7 4 FEICHT 27 Loy —YHOEE 19

TEMD, RtBEBRFT Y VRO RMATH 5 10- %
7213 16-methylheptadecanoic acid 7 ED X771 v
BEEMETh 2 EFHENDED, O VWTERS
SICHETT 20BN B B,

% 3

b B O WA ik s U < 3HEH L 7oA RAL
GYnck o, BEnTHEE T S EREY Y O kE P
WHEA R 2R 2 7 Lovy — (HEIEH) &FES:.
KEAEYNICE VT HEADT Lo vy =2 shTE
D, TOEMFIHO M SIESFHESNLTHS (KK
EF21990). COT LY —ARITYE (7 Lo
Y—YE) b BREEOEYEOFIHIL L, KAMTO
ISR s, T OMEE, ABEERB X CERET O
RS o TV 5.

KARYNCHET 2 7 Loy —PEIZS W T bEE
Blnsd 5. 12 & Z1F, Suzuki et al. (1996) & Neodilsea
vendoana 15 & DFLEIEIC & 2 HOKE S L O+
REIIEIAS T 4 24~ v ¥ = VR (EPA) Ki2RT %
&, Fi, ®YFF 7Y E Myriophyllum spicatum) H3
3 3 BaFIIEN R Nonanoic acid 257 / /N7 5 1)
7 (Microcystis aeruginosa) 1%t L CT7 L v /¥ Y — %R
& (FHiEs 2004). 1FAich, Kakisawa et al.
(1988) 13, HBED 4 ++ 7 € X7 (Cladosiphon okamu-
ranus) H» 5 IR EI R K EFH T dH 5 H akashiwo ¥ £ O
Chattonella antiqua %9 2WEE L TA 7 ¥ 74
T T T VIR HEE . [EE L. Cokkic, B
HER (7 v aoyy—) Ii3iEig, Rrics A fafilE
BRI EFR > EEA ON 5.

ARG TR, ILHEE A (1995) R L 72 HE#E C.
closterium 12 X % H. akashiwo O%&EHE L C. closte-
rium OHRREREFRHIC/AES 5 ODTA, HDTA B LU
277 ) VEREPYEIC K B E ARSI LK (Figs.
7~11). L2 L, AHETRIOEEREAHEYE % C
closterium OEFIPIRIOREERK & Lz, Thofk
BYIENEIC C. closterium IZ XD 7 Lo/ y =g s
LThmsnicbon, b2 0k C closterium O
IR DEEERICEH Lz b o ZHETE V. ToMHIC
SV, REMKR»SFELA T TY —IEd 5 3T
WEEEHNEY) 7" 5~ 7 v v (C. closterium, Chattonella an-
tiqua ¥ & O Thalassiosira nordenskioeldii) (SEH Z7h»
1999) B XU C. closterium OutiziE & Bbn % Cylin-
drotheca fusiformis (Graeme et al. 1994) @ = Z[51iHE
ThY, BHEIOET 27 voy —YEOrREt»H 5

EPA (Suzuki et al. 1996) SEEE RIS TE 50 - 72
TEND, TNORRYE M X 3AEYET
L, WS IPEEEZELAONS., TOHICO>VTIE
C. closterium DO BEARNEEYIE & OBE % X &I kGt
L, IKEEIC TS ITT 5.

51 A X
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