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3T d3ich. 2 A= Al mAEF diEds Aok $18l 7iE 4154 Thiazolidinedione -4 (TD49)
o] AxeE A8l wMERR A&7, tiaesal7], P37)ell wek 218, TD49E Heterosigma
akashiwo, Chattonella marina “1#]11L Chattonella sp.2] AEE AFEAIZOH, E3] W -55(0.02 uM)S] TD49=
521719 Y718 7] Ag7elA =8t Axadts R Tk BE Aol fEES Alo] &
T Q= TD499] F5+ 2 uMZE S T2 HE X791 Heterosigma akashiwo, Chattonella marina “12) 1L
Chattonella sp-2 AIXEH0] oFsto] TD49EZ e o3l L7} gA s E|o] 943t Az gys welct Aoz
£ Atof|A 7)ekE Thiazolidinedione -F-=A(TD49)= 3142 A& H. akashiwo, C. marina “12]1L Chattonella
spg AoE F le e EAE IOy, 5 dF AES fdE WazET 22 JA3AHAE o83t

SFYENA e F7P7E AAA o= FHIE ook St

Worldwide development of harmful algal blooms causes serious problem for public health and fisheries
industries. To evaluate the algicidal impact on the harmful algae bloom species in aquatic ecosystems of coast,
a new algicide thiazolidinedione derivative (TD49) were tentatively examined in the growth stages (i.e., lag,
logarithmic and stationary phase) of rapidophyceae Heterosigma akashiwo, Chattonella marina and Chattonella
sp..Three strains could easily destroy in the lag phase due to relatively weak cell walls than those of the log-
arithmic and stationary phase. It is thought that inoculation of TD49 substances into initial or developmental
natural blooms with a threshold concentration (2 uM) can maximize the algicidal activity. Also, bio-chemical
assays revealed that the algicidal substances from all culture strains were likely to be extracellular substances
because those cells have easily destroyed in cell walls. On the other hand, natural zooplankton communities
were influenced within the exposure experiments of 2 uM, which is showed the maximum algcidal activity of
tested organisms. These results indicate that although the TD49 substance is potential agents for the control of
H. akashiwo, C. marina and Chattonella sp. in the enclosed eutrophic bay and coastal water, more detailed
research of acute toxicity effect on high trophic organism in marine ecosystems need to be conducted.
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Raphidophyceae(HTZF) Heterosigma akashiwoi= 23]
Ao HAAZ o= Axdide] FEE L Jlar, oo} Woie]
Fak a7 Barsar Qlth(Okaichi, 1989; Honjo, 1993;
Smayda 1997; 7, 2005). °] &2 FLAol Tt aiwel
o] vl A vk ARk vte X RIWsHA AxE dor|H, 7
FAF W2 Qs kAo ks slow &
# 4 Slth(Watanabe et al., 1982; Honjo, 1993; Kim et al.,
1996). St=roll X H. akashiwo2] HZWAY A7 4=20] 20°C
o]l sgolx 9dAtole] Azt wiwshA sk, F= vt
H keIl afnt, vpivt, XFERt FollA A x2S P4
Seh(7, 2005).

HAVZH Chattonella 52 Aoy, ooy W 2ofisfdoll 3
WA Edah A il E B bl vt
A 23 ARIEAIE A7 e thaEAR] AEEe|th(Imai
et al., 1998; Mikhail, 2001; Zhang et al., 2006). "1 ZIHE &
waljolol] s 77k L] AlEdaelA 19725
7] gele] HALE doA kel gt dsiE ol ARSlA
oz & 357t ¥ AxAEolth (Okaichi, 1989; Imai et al.,
1998). © = &= Chattonella antiqua, C. ovata, C. globosa a c
marina’= =Rkl E& st 9l o (= 5, 2009, 2010), of
A7 Akglell A1 Feiakels Bars ] ekgkek, shA
Aol A 300 dEt A2E oA st F3E 3l A2
=olm vl 72| 2| Chattonella®] Y2 e 2]Q1
E4E Avjrolol gt A ow o] FJHREZT} f-Euetsl
oA tetlate] AN el E do A5 diulste] Az
RS Aol 4 Q= o] Westth PawliL, T FoE
Axmrle] el Fesit

Kim et al. (2010)2] A7-lA] 2=xE4 Thiazolidinedione -
SAE Y el e Aol frsithal AEEk
ok 8 T (2010)°0 oJabd, AltAarzEA TD492] AeisAS
H7keb7] Q1A OECDS] EFH O R HolAlEe] FQ 3714
BEFE o= SASAE7E A8sh A, sideiAle] 3
ofgel wjA& A FFE Ik FA4 grkal Brkeksl ok
SEANE At 7P TD49s o]g-ato] 2x8Ee] AddaAd 2
Zg3e} tiEe] o el viXe JFE sAlel B AL
gl AFgE Agolrt i Aol = T =4 TD49E o]86
o 1) A ZAEFHEZTFHeterosigma®3} Chattonella®)2) 37
WA ofmgt A S ehlke A9} tie], 2) FEE A
ZBOS WIS 2, 3) ARMEe) FREGAE 74l o)
& GBS VNt 52 B,

WEETT

HESEEH|

Thiazolidinedione - =4 TD492] 7% Fig. 10l Ve .om],
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ZAYsl . Z2ENFREE ATE A BAS Aok
TD49(MW: 337.8)¢] &3l T=rgly stad w7t /st &
Holl we} TD499} ¥AkA] Solutol® RHS15(MW: 960)(BASF,
Ludwigshafen, Germany)E &7 100% ofghg-ol] ¢+A3] 234]
71 S d2olM JFHBEE o]gsto] AAAIZL. Bofxl 11
Al FAHAE spatulaE 0183l FolUlaL 12417t &<t HF3tel A
3] AZAIAT. o9} o] Poful AXES THTE El =
S5 o] g3t ALt F stock solution(296)C.Z AR5} Tt
TD49E 4L allrel] 2 =4 9] wioll 7% mlehk&e]] =01 TD49
stock solutions RH=0] AF5 Adlef| AMESISIT).

o

HMTMEAMTS I}

B AFof| ANt AFAE Heterosigma akashiwo, Chattonella
marina= S8 FAT-A el E Aol sk Sl wElTE
018319131, Chattonella spi= ZA|StaelA] Fekigict. 359
A ZAELS F2uA oA §72 20 °C, 3% 60 pmol m? s, FF
7] 12L: 12DE ZA3}o], ase] Wert §4 & w7hA] ok
SIIt. Zpzte] ] ofl ARg- il chEhel S (e 34 psuyellA
Aget S 3-6/1E3F 7l RS & - 0.2-um membrane
A E of3} Hatste] ARSIt A2 Eol tish Axsa 9t
oFeb7] fleiA x5 Eghste] x4 TD49el| theh st
1§(0.02, 0.2, 2 uM) AEE TS, A= H.akashiwo
Wl A7) Aol mE xS Brtsk] SlEiA &
7] (initial growth phase), tH5=52]7](lag and logarithmic growth
phase), 18 7| (stationary growth phase)°ll 4] TD 49535 Z+7+
FEEE FYSIgith E A1 10 22U%E Flsto] 4
55 J7YeIsith. $H8, Chattonella marina®} Chattonella sp2l|
3 M= H akashiwo®] AP} L3 o F 27], U454
7ol #9431t Hrkekleh. e Ade 7ol ©¥l 70 mL
Al (@22 mm x 200 mm; PYREX®)? 50 mL W<rE €1,
zzte] AgTtel w5A17] AXAEES Y3 FSU) 43l
HE 5 20°Ce] wjkxdelA ZF Agviet 3709] RbS
(triplicate)® 4~ 3}A o}, Wk F&F 60 umol m? s, FF7]
12L:12D= 243}, 19 12 © = Tumer Designs 10-AU Fluorometer
2 3 3k(in vivo fluorescence)ys S7J35I3tE. of&2 BE A3
o FFFEAR SAE @ 2F T AlEE=eke] HAA O
E FSUgkell thgt Z+ Foll theh 7ixld s setalivh(Fig. 2).
Sok AxEde] gk AR NS AEE Tfelebr] SlaiA
RBE AETA TD49 HE & ZHEE Phyto PAM(phytoplankton
analyzer; PHYTO-ED, S/N: EDEF0139, GermanyydH| 2 AZAE
ZA =2 (Activity Chlorophyl)S Z733}3iT}
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Fig. 1. Chemical structure of TD49.
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Fig. 2. Relationship between cell density and in vivo chlorophyll flu-
orescence of Heterosigma akashiwo, Chattonella marina and Chat-
tonella sp..
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Y E (Ul—?— 45 cm, AT Hm)ZH%(:] 3lo] A g 2Rste]
6-well tissue culture testplate®]] T =ZH == 20 ind. 10 mL”
Y1, TD49 A2 EAS F5H(0, 2, 5, 10, 20, 40, 100 pM)=
HER T 20°C FRAS A 48N HheFsle] BEEFEe)

4>i- g HJ fuf
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4 Thiazolidinedione -

SA|(TD49) 57} 11

AEES T8It T3t QoA AFSE H. akashiwoS] s 3
7] ERe] sEERTE AATE ol AR Al =
d3l9lS w(1594]) TD49 E2 2 uM}F HEo] 5EEFAES
50 ind. 50 mL"' Y17, AEKH 07 wljekslo] A2AE(H. akashiwo)
o] Axs kel TEEEAES] AESS TSIt s SR
B AEES T3] A% AARPES sdnAstelA] 457
o] -5 ot} mEE Jow AHste] 259 WA o=
7yt

Ao H E9

AFEZA TD49E 0183107 TS HAYLTF Heterosigma
akashiwo, Chattonella marina, Chattonella sp= o g As
& B, AR TDAY BAL Sl 4] 7] ol
mehZel =1, wekE-grljel] tfsh o e BEE H7Pt
HEEA] ]quxqo][ Sk, wzba] ofln] AE A wigkEe] ojsk 4
7] 3%2 *gtge T317] AalA & AZel AR-E TD49 =31
o] 2 uM EEel Fohs AT} 10 H2 w0 Hehe 2y
Tl 35S F7let Az 7 ATl tPdEe] AlEeE] &
SE7] ulol] - AFelM e wgkEe] tidt Hrh= sk ekgkar A
=] digt F7hE =2 A TAER eEsigltt.

Heterosigma akashiwo®] "33 AMEZ TD49l| tjst A=57}
£ Fig. 391 QE}LHS’J‘:]' =7 ]H%Lﬂrﬁ](initial growth phase)°ll A
h?od S Az X )\1 UJ:rLoﬂ }\1%
ER}A| %}‘3&2‘4—, 0.29} 2.0 pMoﬂﬁ H akashzwoﬂ 37514
% o7 Hol Axa s vehd Zo% it si|vk A
ZE7 E9] 1493 02 HMC’H M dAo] FFgro] A&EA o
7k, Avlg o= A A% H akashiwo®] *3730] &l
H AOR Kol TD49 EX-EE7} 0.2 uMolAM &= Axa 37} v
oksl 71 o 7 AE e}, ti=52)7] (logarithmic growth phase)el]
2.0 uM2] TD49 =AM H. akashiwod] ZAZEI=E B
o, 22 238 0.02, 0.2 pM A FA = X&49 AA
S BT} 123k oAl AT (statlonary growth phase)ollA]i=
2 uM AT H akashiwo’ JQLLP Bt} Ayxow
Uk sjx| Hella] I %5 sl 1 akashzwr Ao
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Fig. 3. Growth of Heterosigma akashiwo at lag, logarithmic and sta-
tionary growth phase in cultures inoculated with concentration lev-
els (0.02, 0.2 and 2 uM) of TD 49 substance. Controls were algal
cultures without TD 49 substance. Error bars represent the standard
deviation of triplicate samples.
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Fig. 4. Growth of Chattonella marina at lag and logarithmic growth
phase in cultures inoculated with concentration levels (0.02, 0.2 and
2 uM) of TD 49 substance. Controls were algal cultures without TD
49 substance. Error bars represent the standard deviation of triplicate
samples.
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Fig. 5. Growth of Chattonella sp. at lag and logarithmic growth
phase in cultures inoculated with concentration levels (0.02, 0.2 and
2 uM) of TD 49 substance. Controls were algal cultures without TD
49 substance. Error bars represent the standard deviation of triplicate
samples.
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Fig. 6. Changes in active Chl.a concentration of Heterosigma akash-
iwo (a), Chattonella marina (b) and Chattonella sp. (c) after TD 49
substance inoculation in three (lag, logarithmic and stationary) growth
pahses. Error bars represent the standard deviation of triplicate sam-
ples.

2olE Bl AR, TD49 2 FIT ZulE AxEz o] o
< W} Active Chlo] §23] ZHasilths 31 2u|sit}, v
Al Chattonella®] + 2] AT AE Active Chl. a2 #-> H
akashiwo®) 732} AR UERskt. 53] 24282 TD49%= U
A HAEEERF 35 A i) GFAE A AT
= AxEolAS BB HFig. 7). TAIEEPE TD49 &4 HE
19 T FFZHFSUYS tiz=rtiv] AnloPds: #1138k v, PhytoPAM

| Active Chl.a2 1/5 5ol n|x]®] Hali= 23] w2 gk
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Fig. 7. Light microscopic observation of Heterosigma akashiwo
(above), Chattonella marina (middle) and Chattonella sp. (below) in
cultures with the absence (left) and presence of algicidal substance
(right). Scale bar: 50 pm.

S5 ST k=] whitel] FFR(FSURS A2 0%
A9 s FAEoH, AAE 258 /el FEE vAE
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=

Aol ey A&, At To% AxEs Alojsk il
Al=Ear QQare]9) B, 1998; Imai et al., 1991; B &, 1998), 1
= AxAEY} AEARte] FEll ¥et A= Fukami er al.(1991)
3} Yoshinaga et al.(1995, 1997)%} 72o] Aol o] Fa%|Q]
o}, AzAletol 93t Aol AZAlto] AR gIARER A
M7= 7% (Fukami et al. 1992)%} AzAlRto] tdAE 444
o7 AlxHo) HFslo] AxA)7|= 7]2H50] Qltk(Sawayama et
al. 1990, 1993). ¥} 5(1998)2 AZAlTt Micrococcus spa w2 H|
st F3l 2 A E 55 (dlexandrium tamarense, Prorocentrum
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pobkrikoidesyer V-0 AES A3} C. polykrikoides | FRE AHxd
W= Lol o)e} o] AxAlRE o] 85 AxAES od
E4FN gt} AxSoldS vEhiAINE, 2 AgrEe] st
TD49 B4 ARbelM A 25 fitehs PR R, JAHEEF
o] ket AETE ks 0% FetEo(Fig. 6; vle 7l A
) Aletg o &5 R T aaH o R A RAES Ao &
= Sltkar skt

iAol A FAYEA & dFAA L] AEolA o E JF
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Fig. 8. Survival rates of zooplankton in various concentration of TD
49 at 24h and 48h. Error bars represent the standard deviation of
triplicate samples.
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