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Changes in Microcystin Production in Microcystis aeruginosa Exposed to Different
Concentrations of Filtered Water from Phytoplanktivorous and Omnivorous Fish. Jang, Min-
Ho, Jong-Mun Jung', Ju-Duk Yoon?, You-Jeong Lee' and Kyong Ha* (Institute for Environ-
mental Technology and Industry, Pusan National University, Busan 609-735, Korea; '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 Microcystis aeruginosa in res-
ponse to three different levels of indirect (0, 10, 50% of fish cultured media filtrate;
control, FCMF1 and FCMF2) exposures to omnivorous and planktivorous fish (Caras-
sius gibelio langsdorfi and Hypophthalmichthys molitrix, CCMF and HCMF, repec-
tively). The cell biomass, intracellular microcystin (MC) and extracellular MC were
measured everyday. The intracellular MC contents of all treatments were signifi-
cantly increased than the controls (CCMF1, P=0.015; CCMF2, P<0.001; HCMF1, P<
0.001; HCMF2, P<0.001). The intracellular MC contents of M. aeruginosa were signi-
ficantly higher in CCMF2 than in CCMF1 (P=0.023). Those of M. aeruginosa in HCMF2
were significantly higher than that in HCMF1 (P<0.001). The extracellular MC con-
tents were not significantly different between control and CCMFs but those of M.
aeruginosa in HCMF1 and HCMF2 were significantly higher than that in control
(HCMF1, P=0.003; HCMF2, P<0.001). This study strongly supports that induced-defen-
sive MC production (intra and extracellular MC) of potentially toxic cyanobacteria
in response to kairomone concentration and this results can consider the biomani-
pulation of eutrophic waters as well as an information concerning strategies for
recovering eutrophic waters.
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A AASAE = 7H54F A Hles o
A A (Codd, 1995). Microcystis7} s 7HEA]
H2+ =42] microcystin (MC, n}o] A2 A| AR HjHE
o] AlZ Wjo] &A= 2 (Rapala et al., 1997), ©]& EA]
St BREYSE, FARER OF 5 A9 AR
AREA & S 3lE ¥ oohEl SR AlE Y B
Fekioz s, A Fa FE 2l BIYs
A AR 98 ARAE 4 A = (DeMott et al.,
1991).

22 AR A e 9] - ZARZE AFERIA] 7)2e)
3 w2 A7t #R AR A WA IA A=
ZA| A A F}ate] ofsl wpHo g AAe g o] Bl
9] (Endler, 1986), o]2]3 ZAl9] 918& A3 7)%}
% 3t 2AARRE PeEE e AEe
Zoltt. o] 3 HTEAL d] ofd F& JAFAY
ZA7Y AAEAE dAEe J#E 39 (Smith,
1997). = i F-E2 IAAEL o] FHFEAE <
A Fol| $3& el 34554 (alarm substance) S
o "t o)H3 S Ause HEEAS F2
A4 AAlel o BAARAY APS AXT F, w3
WAES B3 FvEE 3, AR A 24"
azpAA o} o] F AR Wi ES B3l £E7)
8k} (Henrikson and Stenson, 1993). o} 3 3}st&=
S delemtos el 3 Aed 540 W 2
debe AF: FEEYSE 9§ FHFEE (nfo-
chemical)¥} ©]F-(kairomones; Dicke and Sabelis, 1988)
E YAto = 3hts] 2851 9)v}(Larsson and Dodson,
1993; Loose et al., 1993; Lampert et al., 1994; Verity
and Smetacek, 1996; Liirling and van Donk, 1997; Kats
and Dill, 1998; Bronmark and Hansson, 2000; Burks et
al., 2000; 3} %, 2003; Jang et al., 2003a, b, 2004).

YAAA B3 ADH T 3l 54 d22AT 24

NN 3

A e AR AxAlgel Y A7 3 A4
of WY AFE PANB S WA 9 o

E 2R dx FFd A, 1Ao7 =4 A =z
=)

2181t} (Jang et al., 2006, 2007a). EA1=}92}e] HA¢] =
g AT dx FFY SART 9 FEESAES
24 Aol %4 Pz 737} SEEIAEY 4F =
E AAE vAE g8k Tl diste FESH
(Lampert, 1987; De Bernardi and Giussani, 1990). =3},
54 dx g5l a3t FEEHIES ubge] Fol w
g g 93 = 919099 (DeMott ef al., 1991), =4
o wel A& 717 Microcystis®] 3ol z}o]7} gleo

w, oo mhet BEEFRES of3EE Aol & Halch
= A3 s 9lgdvh(Haney et al., 1994). A Microcystis
7} FEEFIEY A4 A== Wik e 5
=)ol wel 4 AT 2olE Btk Xiw )%
o} (Jang et al., 2007b).

HEEGED oi7) 4rAel T AT A¥
£ NgEgaEe deidel G SA UelE sde
o gE2a Az ARRe] g 54, olfel o 4
B2 E] AAF wWshrl dRPelglem (Starling,
1993; Proulx et al., 1996; Datta and Jana, 1998), 43
AFAE ot F2 FFEHE JAHE F4v o
Fo wiby 2, X|e]7) mi Aol w)X oJ el
3 dF7t 3= = v (Williams et al., 1997;
Fisher and Dietrich, 2000; Fisher et al., 2000; Zimba et
al., 2001; Xie et al., 2004). FZ, A2 A o] Fe} ZF3E
QA 7] 7ol wet Fx FFe] a4 AT ¥
sl B y% 9]¢ om (Jang et al., 2004), A3 A e
A o8 AA =& ZAI} FF Microcystis®] AR 2
e Wzl By Hrl= (R §, 2005). o] H’ A
HE2 FF PERAEE 53 437 A= E HH F=
g A ez F4E 5 Uk
TG dx2E4 AL £ F=HE A8 M F
sA mEE ool & Alldl = ¥73ka, AEH 23
23 437 A E g8 7P wel AHSEE olRvt
Z 759 S4gs Wl nx& ok Hgk A+

o) F3t AR o|ot. dxj7tA] Ear]e) WEvt wlje) o
HA ] Ex xfol7} BAE A FR FFol %
& Fo] A4 AAF zbelrt uAE HHAA Ak
o mElA, 2 Q7 AREFIES o3 e
Hypophthalmichthys molitrix Valenciennes (¥ 1)} =+
A o g o2l Carassius gibelio langsdorfi Temminck
and Schlegel (Y -2 )F o] 43l Z7] & H =9
wjef oJF}alg A4 AA] FE FF Microcystis aerugi-
nosa (Kiitzing) Lemmermannel] x3A1 3L o G245
of AT B AZ hR} S Re] BAHE S vhol2
2 A A (MC, microcystin)ge] ¥ z}g wetslgdc)

ffr of e fo
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CT ul %] (Kasai ef al., 2004; pH 8.2)¢] A &3} 27°C]
v F7] (120 pmol m2 s ™Yol A] 16:8h k272 ujo}s}
At Wi R0l HE3 M. aeruginosa FF= 14U ol A
ol AMg3T 2 ARE 8 A3 o]Fs 2% 2
%952 H. molitrix®} C. gibelio langsdorfi® Q8 Afo]
tatd pAbsAo 2 HE] BoF whol JEZAAAGA T4
o $ANE ATANA AHB HIE 140) A
A k2 MAEE AH3Ih 24 32 50-Le $3kd7)
frelezel dAaE AATL B& AHgstd Agsld) o
FES Ao AMg317) Aol H. molitrix®] = o] Sce-
nedesmus & o] &3} o, C. gibelio langsdorfi=- A%
¥+ A}8.(Crumble 4C, Nihon-Haigou-Shiryou Co.,
Ltd., Yokohama, Japan)3 m] ¥ 09:00¢] Foi3}eich Al
el olg=E MAE Holol Hidt A3e Fo)7) 93}
o A&z} 2447 Aol Ho] Fo4F Fhaiee)

2. 27 =g Y

e APE 93], Ao] o] 8T o] F ikl
A& A7) 95t 2709] 20-L $zel Gavt AAY =
12LE 27 Y3 H. molitrix (d+ EL W} A}
96.2+1.3 mm; A 7.31£0.4 )9} C. gibelio langsdorfi
(Bt 2FAx): A4, 88,6+ 1.6 mm; AF, 871058
8NAY o] 3UZF Hol Fd glo] ikt vk 3
A F ujFN & of7}x) (GF/F, 0.45 um, Whatman, Japan
KK, Tokyo)2. 12} 33t ¥, 1 oj7dlg oA vlAo
] (0.2 pm, Whatman, Japan KK, Tokyo)Z. o] 3}3}e]
3087 FAEle] UVsle] HFaisict. o)gA dejxl
o] 5 ulokod 3}l (fish cultured media filtrates: FCMF)-&-
7] B8 FEE FUHA] AEEe AdAstely A
0%)2 wlwstdet. 24+ 222 FMCF2] 23)u]2 10%
(X8 1, CCMF1, C. gibelio langsdorfi cultured media
filtrates; HCMF1, H. molitrix cultured media filtrates),
50% (M el 2, CCMF2, HCMF2)2. 2oy (7} A&}
n=3) FFHIo] 2Lz} FUF) iR He] Soizt
T =g 2o BN M. aeruginosa®
24zt 02x10%cells mL™' WE2 HE3 3 njokrelA]
27°C, 16: 8h H57] 2. wjoksb, 315 33 Atztgeln
28 ieidch oY e Adee 44 99z
A sted, Y4182 (12,000 X g, 4°C)E o 7}=] (GF/F,
Whatman, Japan KK, Tokyo)Z o #}&}9ic}. o 2}bx]q)
F& M. aeruginosa A8 —70°ColH 2 Azx = A
% (dry weight)& ZAsgom, =4 GzY MO &
A& fl8 -20°Ce] 23sie) 52 Az Ay =

254098 8 &

AEAL YA 5% (viv) 2AF 30mLE oF 16A]7F wul
(140 rpm)3led 12,000 x g2 4°CollA] AR T A%
Ng FtE A FHAZ o] AAE 23] whEd F
7z FEEE RS B4 FE Z7MA] 4°C il Basigd
M. aeruginosa WoFd Z AR E T3 HAHdL =
Az MOE &A37] A3l 7lE2AE E3A]7]
I B4R A7 FLERAE 4°C il RPslgc)
AF AL FE5YY dz2T XS AN 9
4 Z 20mL-E )] GFF=E 3438k ¥, 24 (DIN: NO;-
N, NO,-N, NH,-N)¢} ¢l (DIP: PO,-P) 358 243 2
3}, DIN-S 3.9~5.3mg L' (n=9), DIP: 0.1~0.3mg L!
(n=9)2] W= A& o], M. aeruginosa ARl IsFS-
ENE FAA] g2 Aoz e

3. A1ZY % AxS) MCHFEY 3 $ARY

54 & 9 242 Haradaet ol (1988)2] vbH-& ¥
33}y Oh et al. (2000)3} Jang et al. (2004)4] A&% |}
oz pdsige gzt 24 Aze AF% A
W 54 2 Az 54 A4S AolE BAHc=z A
Z3}7] 98}, repeated measured ANOVA, one-way
ANOVA (394 4% tob), Tukey $AHEMH (22 %
£& TP 58 o) 8319 o (SPSS, Release 12.0; SPSS
inc., Chicago, IL, USA), A§l A1ztdql 0L Ak
2 AFAIE 12]2E w)gko]n] 23 XBLo] 53
AZo|7el v R A] A 2] 8T

z

1 ol% Wizt FER) BE YEFFe
AAF At

Al e] 2137 53t M. aeruginosadF2] ZF#H¢e o
273 7 F Aol A7 A wep 201 F
Aol ARkE nyon, 22 AELEdN A
oz f23 £ Ho|7l dx Aoz vepgd
(rm-ANOVA, P=0.003; Fig. 1). |22} g CCMF1
3} HCMF12- B4 o2 523 xjo]& Ho|x| 9gte
1} (Tukey test, CCMF1, P=0.272; HCMF1, P=0.302),
CCMF2¢} HCMF2: tjzZe] vlsle] 2% EAHo =z
A% aFe] 1FF Z7HE A (CCMF2, P<0.001;
HCMF2, P<0.001). ]2 #<] CCMF13} CCMF2¢] A&
Fe FAHLE #23% AHeo)F HPT(P=0.007),
HCMF13 HCMF29] ZZ3F HA] Zo|7} e (P
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Fig. 1. Changes in dry weight of Microcystis aeruginosa when exposed to three different level of culture media filtrate of
Carassius gibelio langsdorfi and Hypophthalmichthys molitrix. Upper marks denote the results of rm-ANOVA test,

where *P<0.05, **P<0.01 and ***P< 0.001.
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Fig. 2. Changes in intracellular MC of Microcystis aeruginosa when exposed to three different level of culture media
filtrate of Carassius gibelio langsdorfi and Hypophthalmichthys molitrix. 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.

<0.001). A9 H2]EE F71e] ¥ wol A= CCMF13}
HCMF19] AZe 3 CCMF29} HCMF22] AZeke m
T Abel7h gl Ao vehyio)

Az A 4dA 2B A2 2ol A 2 A
#H& Bolon, Y223 CCMF1, CCMF20)|: EA4 4
2 zle]7} 9lE Aoz el (One-way ANOVA,
P<0.001). 447 2] AFe-e 9 z223} HCMF1, HCMF2
Al $27 zlo]lE BT (P=0.032). 7} = AHFeg
€ 29l 495 CCMF13} CCMF29] 7AFeke o z3-9|
AR SAHoR R9% 3oz A ey
(CCMF1, P=0.011; CCMF2, P<0.001). =8t CCMF12)
AEFFERT CCMF29] AFafo] 7 vebe} (P=

%
o

0.011). =L H. molitrix®] wiokelzteal & x2)|dt
HCMF13} HCMF2¢] AZ=k IA] 447 71 =2 7k
< Yellglon, o] 52 BA Ao E 3}ol7} 9l Floz
ehdtl (One-way ANOVA, P=0.032). 281}, B 22
HCMF12] ZAFHF2 & Aol Heolx] gskar(P=
0.862), HCMF22| ZFae dlzse) AFHPnct )
YeRdth(P=0.036).
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A& 717H 29y M. aeruginosa-52] A EW MC ke
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Fig. 3. Changes in extracellular MC of Microcystis aeruginosa when exposed to three different levels of culture media
filtrate of Carassius gibelio langsdorfi and Hypophthalmichthys molitrix. 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.

2E AEeM F718 ez YEPo(CCMFL, P=
0.015; CCMF2, P<0.001; HCMF1, P<0.001; HCMF2,
P<0.001; Fig. 2). X|2]#7ke] Bl@oAE CCMF1lrch
CCMF2¢] Alzv] MC i3] BAA 2 o8 &
o2 271844 ch(P=0.023). =& HCMF29] A=y MC
FHeko] HCMF1E} 2718 Aoz Jehdel(P<0.001).
Z7h) @4 E CCMF13} HCMF19] A=zl MC &3
2 zol7t P Aoz velt o} (P=0.163), HCMF22)
Az MC gFo] CCMF2¢] Hlzv] MC $Huct 2
Aoz Jehd (P<0.001).

Hzte 238 ZE APl 4UA 7B 2 Al
Z MC #%& 2gom 1 ol Zashe el
T2 AR /M ¥ MC #3e ¥9l 497, =23
CCMF1, CCMF2dl|= EAH o2 }ol7} gl Aoz
el ow (One-way ANOVA, P=0.011), 223}
HCMF1, HCMF2 9] Ed3}x] &2 Aoz Jelgr)
(P=0.001). 13}, =29 M=EJ MC 32 C.
gibelio langsdorfi®] wjckeiztel-g& X2]gk CCMF12] Al
ZW MC %3 ¥lxg e ze|7l fglow (P=
0.294) CCMF2¢] M=y MC &3 dzzug =2
Aoz JeRgtt(P=0.009). 281} CCMF13} CCMF2
o] AZE MCHL BAX o= f23 atge] zlo]:= B
o)A ¢kkcH(P=0.061). H. molitrix2] woFed Zol-& 2]
g HCMF1 %] CCMF13} vpaizix] 2 g5+ Az
MC &3t viwste] FAHo=z fo3t 5] zol&
Holx] 9k} (P=0.053). 3}X|5k HCMF29] A %v] MC
gepe gz e NFEY MC gekrct 22 7oz e}
ek (P=0.011).

Aol AP 7|71 M. aeruginosad5-2| A 9]
MC ke 223 C. gibelio langsdorfi] wl oFed 3ol
< 83t CCMF13} CCMF2o)A] 2}o]& Mo)x] okst
3 (CCMF1, P=0.564; CCMF2, P=0.368), H. molitrix2]
WeFolzjel e A2 s HCMF17} HCMF2e] 429 MC
ko] xR & o= YEpEH(HCMFL, P=
0.003; HCMF2, P<0.001; Fig. 3). Z} 2|2t v]izelA]
CCMF19] M 29 MCZ3 CCMF2¢] AN =2 MC%:
2}o] & HolA] ¢kglom (P=0.995), HCMF22] A %¢]
MCgzke] HCMF1¢] MCRe Z718 Aoz yehsiet
(P=0.007). #2]-£9) &7} v wA= HCMF12] A =9]
MC gefo] CCMF19] MC §nvt 2 Aoz vehy
o} (P=0.027). =38, HCMF22] A =9 MC 3o
CCMF2¢] M%) MC &srel 2 7oz vepgs
(P<0.001).

W2 ZE 7|02 M. aeruginosawFs] A E2|¥ol
EA5 = MC & 7 2A71: AY F 6dAl=
yehgoh (Fig. 3). o1& 7152 644 7+ A2 Az
9B A= MC F vlms)] 24, J=2+3 C
gibelio langsdorfi2] wjofedz}el-& *z]§t CCMF1,
CCMF29] A|£9] MC g2 zlol7l g Aoz et
3t} (One-way ANOVA, P=0.121). 3}x%t H. molitrix2]
W] oFed sl & x]2]8 HCMF1, HCMF28] A Z$) MC &
Fe FAMoR 9% 2 Aolg HAG(P=
0.026). C. gibelio langsdorfi2] ¥ ckedz}tel-g- A2 g X
g2 WelM= CCMF13} CCMF27te] #2]8 Xel:=
Bo)A] etoh(P=0.111). 2z Az MC
2 HCMF19] M%) MC 33 lel7} ¢lel=(P=

h

—
=N
O

[e)

=3l
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0.167). HCMF29] A£2] MC &2 7] A9
MC g33os 2 Aoz Jehgtol(P=0.022),
HCMF13= f-2]8t 2}o] & Ho|x| ¢kehe}(P=0.296).

2 &

2 A7 XA o= oeElRA C. gibelio langsdorfi

ABEFTE XA o]F=2 &BA H molitrix?] 717
e 59 of izl o4 1Y x3E F
3 54 9] Hastel §o xol wegedse 21
SelH Fasko] o 27kt AMdn B elRa
C. gibelio langsdorfiR o} E23E A4 o]F9 H. moli-
trix Aol o B2 e Fast 7R 7
A& FHE 7S A =23 A2 Az
MC o] 497 HUge Bl F AN Feskic
o]23 AR wicked ol o] EAjs= FetEA ] 1)
AE Fa9} AHe] 9l Aoz AAET} (Loose et al.,
1993; Jang et al., 2003a). o] FollA Eu|H A} o F )
ofoizted o] 318124 (kairomones)e oln] EE-Za}
FE9| Y}, A= W3} (growth rate) 58 3}
= Aezx 48A ¢)v}(Parejko and Dodson, 1990;
Loose et al., 1993; Gliwicz and Maszczyk, 2007). o] g}
AR A AR wol)te] AL wFUE
R Z=el s 249 4 ok A7 199049 o) %
FE AN ER 2% AEEYAE, 34 SEESa
£ 4E3 5REIIEY THFEE L 47 o
Hoz oBY W) U WF WIS FHo= A7} A
}=lo] g} (Lampert et al., 1994; Wiackowski and
Staronska, 1999; 71 &, 2005). =3t %, A EZe7E 1
Aol U %A dx) elrlde dPow was
AT A7 9A $3Eo] b} (Jang et al., 2006;
20072, b). 0|28 AFES 24AL 7 - EARL
Aol Y & B BYE F s SbsHos
ARE 4 9l d7-Eol0

 AYAAME vk 3 4YA) H. molitrix®) wujoFed 2}
W) w7} 10%Q] A9 Microcystis®] M EW =4 8ko]
Yazenh Lew Fotom, 507l A4 dael o
3 249 A el =3, 50% vl kg el x)g)e)
10% A2 ZReh 159 27 ekt off wopeistale)
F=o WE ZolE 2t w3 H. molitrix v oFe]
b w7} 50%<¢ HE]Eo] C. gibelio langsdorfi 50%
Helwrt 52484 geke] 14w 27 el Jang et
al.(2004)9] ZA}e} M AL Be) o122 Jang

o, OH'

XS
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ot al. (20070)8] FEEGZE AAG R viopesiape)
58 A, 27 3 Aehs ARA ehge

Rojeksol|a] WHAISl= Microcystiss o] FollAl gle]
Hl2A 22 Holde] HA: X Aoz od#HA gt
Kamjunke et al. (2002)-2 AL o)o]3} o} F<ql Rutilus
rutilusoll 7l MicrocystisS o2 ZF3tg ot Bol&
FskA] o2 Az FARRE $E<Q -0.87%2] 19 A%
& Bysige Ao AFES 54t sl 5
RE TF 2RI AAEo] FAsHA i, ol &
=& % Aget {3 5 Aol 22 AAsF 7
o]aAlEr] wyoz UdHA Ut (Bury et al., 1995;
Carbis et al., 1997; Bagnaz et al., 1998; Wiegand et al.,
1999). o)1 o) F= WL ATAEL o FE o4 4
B2 A2 Microcystis®] *7} o] &J&E-& A|7|sH| = 3}
A=t AT 2 AFAEL Oreochromis niloticus,
Aristichthys nobilis, H. molitrix 2] o157} Microcystis
2l A7 §&3ldE= Hiyx 9 v} (Datta and Jana,
1998; Lu et al., 2006)

¥ APAF A=x9 MC FFo] w9 ztop(83.19+
16.65ug mL ™) 548 SHIME= FoA4E 7R 3 glA
ol & 4 ¢)A|%H(Dittmann and Borner, 2005), A
% SRl AR Fake] WA o3 et 2,407
A) spol7t heh} of o] e AASL] Folg ek
Microcystis M E WXl A HEE S4F v&3 FAH8
g veRldh o) Jang et al. (2004)91A dF-H w}
&} Zro] FE M. aqeruginosat ZHAE XA o] FolA]
o ¥ AAYE B AelEke W8-S slEe 2
Fo)7l= Bt o] F o2 ZFAZE Y8 EHIZE
A FE AdEas o LAY SaFe] ZU1E
a4 gl aHE 4 o, AEH A Qe A4
o] AEE u) mE|FHojol & Apgloz AR A
ool EAshs MCO ofx WHile B, 3etxo=
Microcystis M E& 23] =& AAS= AA A FAY
o MC gl 27k 4 S-S RF3 YUt o83t
AW MC 2] 7k 22 A6l AMAse |
oAk We] o MEEGA AAs Qg 29T 5
Noxmz, RogofsolA Az MC ¥RE ofyz}, Az 9
MC el gt A &2 2UEHT vjEe] JE3HA
2 A A R = A 4He] At 27=
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