Korean J. Limnol. 39 (2) : 209~218(2006)

TEZHUIE =F 757} 789X Microcystis aeruginosa %}t
Planktothrix agardhii®] x| = gl Az
microcystin3FekH 3lof] w2 = o 3k

=

él'l_ixo

I

O
Ho

3 1
(Q2FFRADT L AN F5Eabg

pul

o
rfe

R N CEESEEREL T ES =S

Effect of Zooplankton Exposures on the Biomass and Intracellular Microcystin in Microcystis
aeruginosa and Planktothrix agardhii. Jang, Min-Ho, Jong-Mun Jung! and Gea-Jae Joo?*
(National Institute for Environmental Studies, 16-2 Onogawa, Tsukuba 305-8506, Japan;
Pusan Water Quality Institute, Waterworks HQ, Busan 621-813, Korea; Department of
Biology, Pusan National University, Busan 609-735, Korea)

This study was to evaluate microcystin production by two strains of cyanobacteria
(Microcystis aeruginosa and Planktothrix agardhii) in response to three different
levels of direct (0, 4, 8 inds.) or indirect (0, 25, 50% of zooplankton culture media fil-
trate) exposures to zooplankton (Daphnia magna and Moina macrocopa). The cell
biomass and intracellular microcystin (MC) were measured everyday. The survival
rates of zooplankton were evaluated for daily intervals for the direct exposure. The
intracellular MC produced peaked on the day 3 or 4, and then decreased over the
both exposure experiment. In the direct experiment, the MC values were significant-
ly different among the control and zooplankton treatments (ZT; repeated measures-
ANOVA: P<0.039). The MC contents of P. agardhii strain (No. 204) were significantly
higher (Tukey test, P<0.082) in ZT2 (8 inds.) than in ZT1 (4 inds.). On the peak day,
the intracellular MC exposed to both zooplanktons was significantly higher than the
control (One-way ANOVA, P<0.021). Higher zooplankton survivals were observed in
the M. aeruginosa strain (No. 111) rather than in high toxic P. agardhii strain. In the
indirect experiment, the intracellular MC of the M. aeruginosa strain was signifi-
cantly different among the control and zooplankton culture media filtrate (ZCMF)
treatments (rm-ANOVA: P<0.004). The MC exposed ZCMF2 (50%) were significantly
higher than in ZCMF1 (25%; Tukey test, P<0.025) for both strains. This study strong-
ly supports the induced-defensive MC production of potentially toxic cyanobacteria
in response to the presence of zooplankton.

Key words : Microcystis aeruginosa, Planktothrix agardhii, Daphnia magna, Moina
macrocopa, growth, intracellular microcystin, infochemical
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AsNE Aoz o= itk (Codd, 1995).
SHF8= microcystin (MC)-2 32 A=z 4
13 ¢le] (Rapalaet al., 1997), o] & ZA]s}= =
E TAZEE, o F F A9 ZAAL ArE
FUE 5 Qow), Sdx Az e Qo
sl EAG 7hi 5 zefehe], RelomolA
+915 A& 4 97l €I} (DeMott et al., 1991).
|250], SAA S 9] - ZAAE AsdA] 7)E
o Al W A7t A= g 53], XA AA
Al ZASE ¥ ehdEh 2ARFe] Eu|EHEHEA (Info-
chemical)el] gt wlo]fctoz el 9 35 EAde] W
3 & 2 Qlve At o F FAFEE Y s EEEE
ES WAooz &is] ze) s gt} (Loose et al., 1993;
Lampert et al., 1994; Tollrian and Dodson, 1999; Bron-
mark and Hansson, 2000; Burks et al., 2000). o|2] &t ‘&
AlBeE F)e Helt AF: FEEGIESD A
R 527E oz Jupste] WA BUs A9
=] o] 2k} (Lirling and van Donk, 1997).
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H, F2 P2 757 ST uE FEEFFIEY
24 Aole] B AT} 4 Pt FEIFES
AEE 2 AAE PAE 3 & FAeE AT
7b SaAseigheh AYAY ATE F, 545 T
I 9)= @% Microcystis aeruginosa 7+ FEZ &3
Eoo EAHE AYATIAL, AREE FAAGE

A7t BaE7|= 3tgloh(Lampert, 1987; de Bernardi
and Giussani, 1990). =3}, A Jx #3] o3 vke-
© FEEYIE Fol met el vebdehie d723)
7} 27| = 519l o (DeMott et al., 1991), ok 37t
Age B, 4400] wel SAE Microcystise] R
o ahol7k v, olell o)) FEERTES] gl
Aol Bl A7AI} BEHIE s9ie (Haney
et al., 1990). 72}, T B, FE2F2| Wei7]=el ¢
gt zAatele] A AAE w8 weko g At 53
H7] AlEstdey. 1 A3 FEERIES] A g
Wel7|steo 2 Fx{7t A A s (DeMott et
al., 2001), Alzv] AWkAke] iskE WEE7 v (Maller-
Navarra et al., 2000), MC2] AAlgfko] =715 A
(Jang et al., 2003a) o] Aoz ZFHFch 53,
AR AT el oz el L S
MC2 FEEHFIES] A 33 # sl (DeMottet al.,
1991), 444 A3} (DeMott, 1999), 448 5-& A5pAl71e
7o 2 el (Ghadouani et al., 2004). 181}, o

o)

FelE ATl oshd, TEEHIE QA F=e| MC
o =&HA W Af FEREA d& WS A
= (Sarnelle and Wilson, 2005), o]#3t =EZ4aE
o) BRe deddz Add & ok RaE g
(Gustafsson et al., 2005).
49 AR FEEGES FreA) 4s
R SAPRe] B4 )] AP 478 =9z W
&l

u =
A ExAE 53 s F3 Fe Aot L
AP Qe & %S v o, Fe3 AHA 7=
Atzz2 o] g4d F sk AR AFsIEAIAFS] A - 2H
AR rZeo 23 §=5= ‘induced defences’ (F-=Hlo]
712l A3 AT SEEHIE A - A xZ 95t

=4 Fze] AAE (3 5 2003) B Az MCEEe]
W3} (Jang et al., 2003a), APA WellA o 72 24 =
Zoll 98k F=x Microcystis®] A4 3 e W3 (R 5,
2005), Al ZW McEake] w3} (Jang et al., 2004)7} 4=3)
Hglor, 53], o 72 AFH kZdl o3 4w H
st oFdAARE B3 FHE7I= shedtkJang
et al., 2003b). 28}, AFHA}F FxZFo] 2F M. aerug-
inosacl] A= glgom, AL EAAQ FEZYIE
o A - 24 w& AEAle] BE wau el

o B A7 vl F Aolch weba, B A7e

o] J=% Microcystis aeruginosa (Kitzing) Lemmermann

¢} Planktothrix agardhii Anagnostidis et KomarekZ
RAAZI7AA] wjFet F Fo $EETZE, Daphnia
magna Straus®2} Moina macrocopa Straus®] =% xZ
A x=x}o] o wfofedz}ol (zooplankton culture media fil-
trate; ZCMF)9] Fxatolel g 7 FxFo] A}
Azl MCel WalE sjetal Al slisd 1 5o
1

LAYE 5 AEEYAE

2 Ao ARE-¥ Microcystis aeruginosa (Kutzing)
Lemmermann (No. 111)¢} Planktothrix agardhii Anag-
nostidis et Komarek (No. 204) #3F= 23T
49 B oFAlE el A Fokitol, CT wll x| (Kasai et
al., 2004)el] AE3F % 27°C2] ujeF7] (120 pmol m2s™)
oA 16:8h WetF7| = whoksladct. wix]el] HZ3 M.
aeruginosatr3F2} P. agardhiigdFE 149 o] A3
AgiEh B AR 91T SREYIES JEIAD
AQTae] SAAE AT A G FIAF
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49 A3 o4& ZA] ¢S Daphnia magna Straus$}

2 zkx] ok& Moina macrocopa
Straus 471 & Ade] A1-4aH9c}. Ho]zE CTulAol| 4]
ujj ok3t Scenedesmus acutus Meyen (BFH =, x 103cells

L& A3t

3 Ade flsted, shte] dzest 2 5EE
28 AHrd Awel Be F Aze APsch A
ol AH2-E]= 300 mL Mﬂr—a} = 93714 ZHzF 200
mLe] CTHIX|E Yol W3t T FAtefolA M. aeru-
ginosay-F =+ P. agardhu-?'r—z,‘—e— 0.2x 10%cells mL™?
Uxz HFsdoh x> o]E 93749 ”ﬂ*“?}’—\f—’
Zo]| T2 2 21708 AEstg]om (n=3%x7Y;0~6%),
ym A 7270 (n=3x 25X 242X 6Y; 1~6Y)E FE
ZHIE Aoz AHEH MEEe
magna$} M. macrocopaE 27zt 470A) (M7 1; DTY,
MT1), 8704 (2] 2; DT2, MT2)S FJefellA] A
% 2 AE 25 oaekr]elA 27°C, 16:8h gk
F712 wjefstol o, &5 43] AAEetAaE wRbA
T WY 2L AeLs 47 deolz Adgs)
of, 7+ AL FEZSHIE AEES ot F AR
2] (12,000 X g, 4°C) % o] 3}=] (GF/C, Whatman, UK) 2
oJ33sldet. o] Algs —-70°CoAM T2 HAx F A5
(dry weight)& ZA3t9l o, S (HZW MC) 4%
93 —20°Cel| Baete 52 A2 AlEd S4aEA
2 9siA 5% (viv) 2AF 30mLE °F 16A17F o
rpm)g Fof 12,000 x g2 4°Col|A] Ailie] ¥
<+ 7kEE A SHAIFH o] HA L 23] ukadt F 7
A=A Ba 22 A7) 4°C o] w4
g MAYEH Frde] dz2ddt A AENA o3
Z 20mLe oA GFIFZ o33+ 3, 24 (DIN: NOs-N
NO,-N, NH,-N)2} ol (DIP: PO,-P) 355 =4 3}gic}

2= 7+ D.

.°°

FERAE HxE 49

=g APE 918k, B& A g 33} F 49
o] 733t D. magnas} 3} $ 1de] At M. macroc-
opa® 7t 4007AIA 4Lel WO SIS o5t
(GFIC, 045 um)2 15 358 ¥, 1 A9l & oA n)
A ed2}2] (0.1 pm, Millipore, HA)Z o} 3}ale] 3087 F
el ] UVatel Hishsict. o]F Al dejxl wiokedzt
oll (Zooplankton Culture Media Filtrates; ZCMF)-2 7}7]

e v=E F AEEE AAs o2 0% ¥
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w3peh 7 AES ZMCF2| R3u]E 25% (A=<
1, DCMF1, MCMF1), 50% (*]2]< 2, DCMF2, MCMF2)
2 gho] (Z A& n=3) FFHIo FUke] A4
Po] Boig 4 =% 2SI TN 24 M.
aeruginosa®} P. agardhii#3FE Z7+ 0.2 x10°cells
mL ez HE23 T wjofr]olA] 27°C, 16:8h HYF
A2 wjegsiel, 35 48] AAEAATE TR A
;1]31:(7;]_}_%:31;) 7(1/\ o) o] L;E HM u_) 1:._5\__‘,1?_)\4.% _cia,]
3 A= A =AY H]—H{,,]. E‘f___]‘cs]—] z,:g }

o},

b3

4 AEN MCRHEH B EARA

g

=4 2 7 BAM2 Ohet al. (2000)3} Jang et al.
(2004)el] M Woz st ey 2 A
2o Az Sa AP Aolg FAGoR HZA)
23}, repeated measured ANOVA, one-way ANOVA,
Tukey BAMEAW 58 o] 43}% o (SPSS, Release
12.0; SPSS inc., Chicago, IL, USA), A3 Azt el 04 A
o] Az v R A Al sk

= i&’i.‘?}t], %%%%iL —‘T‘— XJE]—L—OHH P. agardhuf
F m-ANOVA, P=0.491)% A 2|3},
EF gzl H]‘fsﬂ %Zﬂ oz foldudt aFo ¥
° zko] A=t} (rm-ANOVA, P<0.001; Figs. 1, 2).
M. aeruginosad5o| A= % Daphniax]g]Zol|A] AA|
o kol BAH R fog 2 Aolrt REFHL o
(Tukey test, DT1<DT2, P<0.001; MT, P=0.760), P.
agardhiiftFo A= F M2 Zhel BAX o=z f23
39 Zo]E Ho]x] ¢k} (Tukey test, DT, P=0.857;
MT, P=0.988). A3t T Z9| TEZgaES T 73
N BT 27| AAbEo] Fob, A AR 19ARE AL
W] Aatstel, 3A) F RN BE AEE 20%E
W17 £3 Aoz fAF G (Figs. 1, 2 C-D). +F

2 v @& w9, P. agardhii FFol M 394 HEN A
7} 2% Apg3t ¥ld, M. aeruginosad-Fol| A= Moinax]
2ol M 5dA7RA] Atebd= JHAIZE IREHAG A
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Fig. 1. Changes in dry weight, zooplankton survival rate and intracellular MC of Microcystis aeruginosa strain when
directly exposed to three different densities of Daphnia magna and Moina macrocopa (means+SE; n=3). Upper
marks denote the results of rm-ANOVA test, where *p<0.05, **p<0.01 and ***p < 0.001.

A2 3 Fade A3 A4 (DIN; NOs-N, NO,-N, T HERAEFAN FEEHIE AHxZ o M=
NHAN)SH <L (DIP; POP)S) et dazst SEFd ) MCHge] FA40s o8 spow Zrias
AE o] H7E X F AloldlA] EAA o2 8231 2|9 (rm-ANOVA: Fig. 1E, P=0.038; 1F, P=0.039; 2E, P=
=2 Holz ¢srow (rm-ANOVA, DIN, P=0.789; DIP, 0.001; 2F, P=0.028). A& 7|7} Z9t 7} =o A=z
P=0.171), A% F8A7I7H] 2F7F A6l F8d MC 32 F 59 ZT1x2](DT1 =& MTL)EH
Azo =7} 7A2E9}H(DIN: 094 33mg L%, 645 ZT2A 8 (DT2 == MT2)94] o =& M=zu MC 3t
27~32mg L% DIP: 044 1.0mg L™ 645 1.3~2.6 o] #:zE Q) o}, P. agardhiig-Fo et EA A= &

mg L. °)8t %4 Bt} (Tukey test, DT1<DT2 P=0.045;
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Fig. 2. Changes in dry weight, zooplankton survival rate and intracellular MC of Planktothrix agardhii strain when
directly exposed to three different densities of Daphnia magna and Moina macrocopa (means=+SE; n=3). P value
for each graph was the result of rm-ANOVA. Upper marks denote the results of rm-ANOVA test, where *p<0.05,

**p<0.01 and ***p<0.001.

MT1<MT2 P=0.082). M|Z4] MCZ2 D. magnael =
=% 2047FlA 494 Hagks Bl RS ALsia
v BE ATl 3 Hughe wel F sl
oFA}o] FEE| 9jt} M. aeruginosad-F2] Moinax] 2]+
(One-way ANOVA, P=0.158)2 A 2|3}, g8 Hal
A7l M52l AlZW MCx djzFel Hlste] &7
Moz H2)3 zto]E HY T} (One-way ANOVA, P<
0.021). AzlEH 2 vl wal 2 o, ZT2el A 24T A=)

Zazke] ZTlejAHe EAM 2 §203 Ao o
= Ho]X] st} (Tukey test, P>0.125).

A7t Fet 2t AP, 7 2] AAF
o
=

£ Azke] Aol we} Z4ske PAFE wAd (Figs. 3,
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Fig. 3. Changes in dry weight and intracellular MC of Microcystis aeruginosa strain when exposed to three different levels
of culture media filtrate of Daphnia magna and Moina macrocopa (means=+SE; n=3). P value for each graph was
the result of rm-ANOVA. Upper marks denote the results of rm-ANOVA test, where *p<0.05, **p<0.01 and

%0 < 0.001.

4A-B). A& 7|7+t P. agardhii#F2) Daphmaxﬁﬂ—y—
< A 93t (rm-ANOVA, P=0.178), & 7F2 EEZ
FI3E Xiil—r"ﬂ*i 7 2ol Bls) %74] oz £2
gkl f£F oz =2 z7ro] #IFHY T (rm-ANOVA:
Fig. 3A, P=0.019; 3B, P=0.003; 4B, P<0.001). x]2]<4
2 vlws|E u, M. aeruginosadFoAAME 2E XL
oA AR Ggre] BAH L fola 7] Aol7} R
=gl o} (Tukey test, DCMF1<DCMF2, P=0.046;
MCMF1>MCMF2, P=0.007), P. agardhiig3o] A=
Moinax2]ate] BA|H o2 fo8 uhgt 52 2ol &
R 3} (Tukey test, MCMF1<MCMF2, P=0.022; DCMF,
P=0.876). AXxZ& AFI wz7FAZ 24 (NOs-N
NO,-N, NH,-N)¢} Q1 (PO,-P)?] s 23 58 fcf
FIE A bl BAHSE {23 RolE HelA
¢kor o™ (rm-ANOVA, DIN, P=0.879; DIP, P=0.128), Al
F7F A7) FEg A =e] ool

7AZ&=99(DIN: 045 32mg L%, 645 25~30mg L%

Y A 2

045 DIP:1.8mg L% 645 1.8~26mgL™).
EEBZHTE ujofo] o] x2X|Z] M. aeruginosa
Foll A Az MC Rkl Bz} AT el fol%
229 z}o]7} Q14T (rm-ANOVA: Fig. 3C, P=0.001;
3D, P=0.004). P. agardhiigFor= dx2Z3} z}ol:=
dger), FAAE Fol@ +EL ohd Aoz Vel
o} (Fig. 4C-D). A§7|7t 5+ F 45 EFelA ZCMF1
(DCMF1 == MCMF1)A2]+-Xt}, ZCMF2 (DCMF2 =
= MCMF2)A2] ol A & %2 A2 MC 7ke] 22
o, M. aeruginosagF ol A= EA Aoz F2o3 &
Fo2 ¥7A et (Tukey test, DCMF1<DCMF2
P=0.003; MCMF1<MCMF2 P=0.025). 5| =1 MCZt-&
= F=9] DCMF$ MCMFX 22 54 394 21
ZHe BelE 7hasl= oFAle] A=) M. aeruginosa
T A= MC3lol F3zhs 1el 3YA o] DCMF
¢} MCMF7} dlzZ8o 2 7oz yelgt (One-
way ANOVA, DCMF, P=0.012; MCMF, P=0.024). 1&
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Fig. 4. Changes in dry weight and intracellular MC of Planktothrix agardhii strain when exposed to three different levels
of culture media filtrate of Daphnia magna and Moina macrocopa (means=+SE; n=3). P value for each graph was
the result of rm-ANOVA. Upper marks denote the results of rm-ANOVA test, where *p<0.05, **p<0.01 and

%0 < 0.001.

1}, P. agardhiigFol s A2 cs §o3 g9 2}
ol vrehtAl sttt XEleHE niusE o, M.
aeruginosa 32| MCMF2eA &A% A xY =47t
MCMFLolqxc $AHes fola wa w7 vepd
o} (Tukey test, P=0.033).

i E3)
HA7EA], g)Azpe] wke]7)he] ZAALL] neET wol
o)2E 2 grf= T 1990y o] FTHE| TEZat

eI} FHFEE

= R
3l o], =

ZAA ZF (Scenedes-
mus, Phoridinium)e} ZA1z} ZEZH43E 9 Hu:
(Furgasonia)& djto = 3lef, o]52] e 4 P5 W
3tz Faloz wlwd s A3l FEHS g
(Lampert et al., 1994; Fialkowska and Pajdak-Stos,
1997; Wiackowski and Staronska, 1999), % o= Z-E

)ll

4 dxe) welr) g Sagie

| Asstget & o
SAQAAS 3] - ZHAZ) FEAE A9 9]
AT dgtoz, 2AMA FEEIFIE D. magnagh
macrocopa®] # - M % =7t S7hstel wel 54
dxe) Mz MCoel 7HEE melFglon), o A3}
 5EEGaES] E4 sllA ool P Welr| oz
54 dxe] MC @ulFe] ZbRinke fmupeds)at
(inducible defensive mechanism) 7} (DeMott, 1999;
Jang et al., 2003a)& 3}t Fe3 d7Alss} 2
4 gletm setee,

TEEYIE A

4
rJ

4

P

1,
< o

%

\} (microbial degrada-
o} (Jang et al., 2003a).
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o] WA WE 37CH|A 24413 o) F doithm W
32 9Jor}(Loose et al., 1993), 2 A& A] o|HT} J&
27°ColA Wik 8 Ade] olfeizonz, oEe] B4
of o AA7 $AHA7] WEd Aoz Amdd 5
Zet3.890] Bu]3}3HEA (infochemicals) A Fol] o3t o
FNEES I3 B =A Fo| 9le] (Wiltshire and
Lampert, 1999; Lirling and von Elert, 2001), 3% -
9 24e 58 Aol desi
nojorsol A YAl WAL o ZAe) ZA 44
Apo] &5 BAHH, o] ZEg=EY 24
Z¥4ee) 38FS = 4~ ¢lt}(Fulton and Paerl, 1987).
AT AFoME, 7P xZ AP TEZIFFE n)oF
3} (ZCMF) A 2ol A A7 F7] ol F3E 249
A Wake] JAFEL Aal AT s, o FALS F
HEYIES 22 2 el PR 4 5
X (Jang et al., 2003) ¥ FxAEZ A W] HHAA
(mucilage) A4 == 'r‘H]*]'ﬂ*} A#= RS 7H
(Porter 1975)¢] dHsle] R 738}l M. aeruginosad3
e e R P EE EE2 R
3 11 ﬂ—cﬂl/‘i AA ] S7F fEE o, o) FE
EFIEL AN &=ol w3 o] 7] AE=EI) o
w7 wWEoz Atsgo) o3 AL
Scenedesmus?] AF-o|AM = B 31Fo]g)t}(Lurling and
von Elert, 2001). 54 JdxZA o] SEZAITE ZA 9
AV E Z7ksh dThE AT Eeshe @S ofsa
W AlFA] 312 B3] & dejx gt} (Codd and Poon,
1988). i}, & Aol o] &% F FFel HHM =,
A AL 3ly] Ao 31014-(Neilan et al., 1995;
Yoshida et al., 2003), ¢| & T-F7} EEZYFAE] n]x
= o3fe] Y3l M dFE= SslE AL 99 B A
23, TEEZIE AA=EA], P. agardhiiiF (No.
204)¢]] B]3}ed M. aeruginosa?r—zr(No. 111)eA o =2
BEEYIE JEgo] WRHALA, o AW 294
HE P agardhu-ﬂ-—rﬂ]/\i M. aeruginosag-FXr} <f 2
i ol =2 <8 MC(MC-LR, MC-RR)gte] #2531
S oz Az o], Planktothrix@d 3|4 o] =2 =&
FYaE A gl HAHAR Aoz Aad

B AT ATl = dehiA] gatort Az MC2 A
ZW MC g3fel] 3l o} Ao yeh}(F MCHE]
°F 10% o]3}, At= mAA]), HAEe] FHeME= Z F
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