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Effects of Biological Control Agent Algicidal Bacterium on the Phytoplankton Community
and Microcystin—-LR Contents in a Mesocosm Experiment. Kim, Baik-Ho* Seung -Won
Jung, Jong-Kun Seo, Mi-Yeon Suh® and Myung-Soo Han (Department of Life Science,
Hanyang University, Seoul 133-791, Korea; 1Seoul Metropolitan Government, Research
Institute of Public Health and Environment, Seoul 137 -130, Korea)

Biological control agents (BCA,; algicidal bacterium Xantobacter autotrophycus) plus
casitone media, strongly changed physicochemical variables, standing crops of
phytoplankton and microcystin-LR phytoplankton in 100-L mesocosm constructed
in a small hexagonal pond (3.5 m x5 m). No M. aeruginosa showed by 8 days, and 60%
of total standing crops of phytoplanktons were decreased by the BCA treatment.
BCA treatment also induced a strong decline of cellular extracted microcystin-LR
(MCLR) and a remarkable increase of dissolved MCLR with the decrement in
standing crops of cyanobacteria. In addition, BCA strongly increased all nutrients,
but new outbreak of phytoplanktons hardly showed in the experimental mesocosm.
The field application of BCA to controling the cyanobacterial bloom in large lakes
and reservoirs is not relevant due to high concentration of nutrients and toxins.
Thus, a further study is needed to diminish the adverse effects after BCA treatment
for water quality preservation.
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AES o] 83t 27 Alofstd= 2223 22 A

M =

A el ¥y (Daft et al., 1975; Wright et al., 1981;

RoJopE7} Alehel A 4elol 48] P24 (cyanoba-

cterial bloom)& 44 FHelel] B& o] e F7 o

(Reynolds, 1985; Vincent, 1987). ¢|5-& 43 £ZA14
9} BHws HAEA FHaA7|z dFHE LYA 7Y

(1 2000), E4F AT $FAE IEL BE
Aol AZMA $18E F32 o} (Carmichael et al.,
1988; Dawson, 1998; o] =, 2002). HZ tlekst 7154

Burnham et al., 1984; Fukami et al., 1992; Ohki and
Fujita, 1996; Gosselain, 1998; Yamamoto et al., 1998;
Sigee et al., 1999; Fukushima et al., 2000; Bettarel et
al., 2003; Kim et al., 2004)3} $£FA&& o]43 3
JUEA FhE B 2FAY A e EHe
b (A3 7, 1999; 413} w1 2001)0] RE S gl o]
E2 v % Eg]-3}3H4 HlY (Kasai et al., 1993; Sigee et
al., 1999; Ahn et al., 2003)e]] Bv]al B]wA ZAA)| 2 o] A

[e5

* Corresponding author: Tel: 02) 2220-0909, Fax: 02) 2296-1741, E-mail: tigerk@hanyang.ac.kr

— 261 —



262 Z1uH

A5 - Yo

o

fok

2

Aspdel wHE DA 3 A7k 28]
=B AHAA Freol d3r) tERolth(Kim et al.,
2003; Kang et al., 2005; Choi et al., 2005).

AF7HA] [ Alelse] WA AzMAe] FHE
] % —ekslo} (Yamamoto et al., 1998; Manage et al.,
2001; Shinya et al., 2002; Sang et al., 2004; Choi et al.,
2005). o]x]3 3= Microcystis aeruginosa Aol ¢le]
EATE gAE st D T
2] g wfjeke] viwA Py AL wr) wiar, 2) T
A A A MAEHE v obs A Tﬂ@iﬁi
A4 A 44 A wake Hase 4 gl 3) HE )
s/ AEAA e} £ 84 AsEadE 71 5 Sl
(Kim et al., 2003). 13} AxAMFS o] &3t A =7
Aol A7 Ad= AIE 2] o], 27 oA &
7ol Al 2412 3= endemic speciesd A|2t= M8 F A
A A 2] & Brbsst Wizt 5o A wEel A¥
A 37} gslo} (Choi et al., 2005). Sang %-(2004)2]
AFe o)slH, AbzA|# Xanthobacter autotrophycus
HYK0201-SMO02 (SM02)X= NB (nutrient broth) Xt}
Casitonevl] x| ol| A wjeF& 79 M. aeruginosael] o3t At

ZX0] =9}omn Casitonec] NBXrt} M. aeruginosacl
gk SAde] wiar, AbzAlE 44 bacteriath S 2] B
o &3} w3

el 2 AFE= AlYea] @Fx M. aeruginosa A ¢
ol w3l AbzAld SM022] A el A 2] Aol 2 H
o Ko} A AEfAl] v X 3L FrFElr] $13ke, H)
W F2 M. aeruginosa titAe] dejul= 43 g
Zol] 100 L mesocosmS A28}, AEA A 2o uf=
ABZggE 7 2FEA microcystin-LRe] H3= =

A5

gl

Aol A48

y

lr e 1T feow

oo

L ERT

1. A7+34e] A3

H 1= 20049 104Y 49HE 10¥Y 13971%] & 1
d Fet A= FE A FHIEATY ‘ﬂ%}%%%‘
AT4 el ARTE APARAA AAsil o, dxe
upetal W2 v ZIgE QAR e FH I (54 3m,
217 5m), FJAA] o 275 m A= 4o fAEES
AAFLE U2 F 15m A= tgoazl v} A2
/‘1 2a7)el Qi oz §9E™ 7F97]elE overflow
£ 93l oA5FR2I} HA)H e 91‘;} AE> BE A2
7] (129 %~3450)0le Av=Er 3Y9LRy 5o

o
=

o

- MEZ - MolA -

o

H4

AgAR vid E~71-53et M. aeruginosazl wAY
3} (10*~10%cells mL™), v}=H-2 ¢k 10~15cm A =9
A o] A= 9t

2. Mesocosm 23] @ A3t)z}gl

Mesocosm-2 ZtAE] Az g vpdo] HE 9=
(el 1.2m, 27 60cm)& AL ARl wm
7450l AR dRE =] S8 A9 ofzbel
5 A 5em ¥ ]°ﬂ q7Hi ol 7] &34 ¢

J

rlr

*ﬂwr A 294 A4
100LE 727 Yo ﬁ:?‘%} 2471%;4_1 AdEad7A A

l A (Fig. 1). A2 dx=
Algoz 33 b AXEIE=dl, A mesocosm
Hell d345 %ﬂ—m_ 29 St IR o, AEA
A2 Alstgdeh. AEAANE 100 L mesocosmel] o] m]
Microcystis aeruginosael] ©gF AFzo] whalzl AlzA
7 Xanthobacter autotrophycus SM02 (Sang et al. 2004)
& £F =% 1x10 cells mL ™7} ¥ == 0.5% Casitone
w2 e} A A3kt Casitone (CAS)e} AbzA| 4t
(BAC) 9] 11;}51 A E-A) 2) (CAS+BAC) zﬁﬂoﬂ w}L

o] dEH, TXJZH—, i%—%ﬁ‘: mlcrocystin—LR.4 Wz
< 77 zAbslod

3.3

rﬂ

29 24

7 29l A= 7+ mesocosm?] F4] HEo|A] (524
30cm) 33l om, 2, pH, £F2AAE Al 2

F

Fig. 1. Photographs of experimental mesocosm construct-
ed in Youkkagji pond.



Effects of Algicidal Bacterium on Phytoplankton and Microcystin Content 263

A portable multiparameter (Horiba U-10, Japan)ZS- ©]
g3te] ZHse AFd BHE 91T AR 7 meso
cosmol|A] 500 mLE A 4=}l A4Eo| DI ice boxel
o} AP L F 009024 A F (APHA,
1995)of] <F3ked HABIATE oA A4 (NO-N)&=
sulfanilamide solution®} napthyl-ethylenediamine di-
hydrochloride solutiong ©]83}ed M A]7] ¥ 543 nm
o4 gREs SAsle Aaksiich AA A (NOs-
N)E 7}=F 2F13(Cd-Cu reduction column)ol] A8 =
E3A7 ooz BAAZ F opaal S}
B oz 25k QAL (PO,-P)L Bl
914} (molibdate solution)®} HF-2-3led AJ7|= 3P 2] Ea)
dIAF ZE-S o}~z = ulAl (ascorbic acid) 0.2 3HIA]A
FAd w2 =A3l9it} Chlorophyll ax= &34 500
mLZE GF/C (Whatman 1.2 um porosity, England) filter
2 oJF}3F &, 90% acetone 10 MLE FY3H AT
2 mlaste] sFFHF Wolad] B3 & UV/Visible Spec-
trophotometer (DU800, Beckman Coulter, Inc., Fuller-
ton, California, USA)E A}-8-3}e] multiple wavelength

o A=A,

14 111 i~

4. ANEZYFE J=

AEA| A (CAS+BAC)X 2] w2 AEZa=zEe] W
=2 golslr] 93t ZF mesocosmollA] miY 13]4 10
mLA & FHsl glutaraldehyde £ 0 2 (FF % 1%)=
IAANZHASG. = Algx 2 5338 F Sedgwick-
Rafter Countlng Chambere]] A|& 1mLE 1% &71
Z 108 o)A} AAAZ] H& altz}fﬂu]ﬂ (Nikon eclipse
600, Japan)XZOOHH sl A ZzE AT £ 5
A& 9s B3snA 400~1,000HH (Nikon-eclipse 600,
Japan)dtell A ZA7Asdet. 59 & (genus)oll Al FElE
A gAe] Aelg wold] e AT BF w5 A
Seloleh. e, ABAANAD) B AEEFIE 3
o) wsle stalaly] slake] 2RY 24 P AL
A= st $H-HE - =A]4 (McNaughton, 1967), T}
%X]4= (Shannon-Weaver, 1963), 75 %%]4> (Lloyd and
Ghelard, 1964; Pielou, 1966), =X = %]4 (Margalef,
1958)% 77t AlAkstict.

rl

5. 4 ZE4 Microcystin-LRZ3]

ANEA A el 23 7+ mesocosmy] ZFE42] W
T FetE] ke, A7 AF 2d 7HAH o2 Micro-
cystin-LR (MCLR)Z 24 315t}. MCLRS}S- =A4] 1) =

A A (cell extraction), 2) 2ZA] (dissolved) o2 -3}
FAmesha ubhy (ELISA, enzyme-linked immunosor-
bent assay) . 2 2A)3}9lt} (Nagata et al., 1997). 2412
AR 400mMLE GFIC oJ7A]el] o33} A7) & oI z}=]o]
AR ZAA A2 A3 P @3 methanol 10mLE
bebm 54 naskdcl ¥4e) A, 54 nae A
2EF 3E3k] 10uLE FH3slr =F4 990 L= micro
centrifuge tubedl] 22 3 ELISA EA]o]| A}&-3}git} &
24 Sat 5] 50D Aglo] ELISAEA ] A}
£3tdh 5AEAL2 microcystins ADDAZEZ]2] mono-
microplate?] wellol] 373271 HH-$-
kit (Mitsubisi Kagaku Bio-clinical Laboratories, Inc.
Tokyo, Japan)E AHg-3}5 3 Z&3HA| & 0.05ug Lo
t}. Microcystin standard:= ELISA kitol|A] A|2% =&
E28 50, 100, 200, 400, 1600 pg mL'Z well plateo])
Z+7y 50 ¥ A Z38}a, microplate reader (Labsystem
iEMS Reader MF, FINLAND)Z o]-8&-3}o] 450 nmel|A]
223 o2, a7l AFAE 7|Fe 2 A8 F4] MCLR
=5Z Ascent S/W (Labsystem)2] 474> logistic =419
o)g 2)914& AHgsted Hereladeh.

clonal antibody=-

2 =

1. ©]35H4 @789l

AF717F F<t mesocosme] o]3EhA ]l F 4
28 )93 RE 29lo] YzZH #2]Z(CAS+BAC)
Zholl T3 2}o]lE BT (Fig. 2). 22 < 19.3°C
(17.4~21.7°C)2A] o537 o]} AFZ7be 2 2ol &
HolA| ¢gkel. §-EAMAE 27 mesocosm 2] 5373
(6.85~8.45mg L) 2 x}o]& Ho]x] ¢k whi, CAS
+BAC A2 (F 7 0.38mg L Yol x| F4317] 87137}
Aoyt

pH Al Ad x7]¢)| 9.560A] o Zx(8.06)e) B]3l
CAS+BACAH 2| (6.58)ellM ZA] A3t Aaksd
(NO2-N+NO3-N)-& o=+ (3T =1.045mg LYol ¥
3 CAS+BACH | (FF=1.547mg L Hel|A] <F 1.5u)
o] 4} =okth. QlAlY (PO,-P)Z FAFY (SiO,-Si)<
CAS+BACXE o|& sl Zrlslgdsy, Qlargde
&2 (3 7=0.138mg L ) Bt} CAS+BACHZ|Z(HTF
=2.169mg Lol A 15u] o] F7tstsich FAakd Al
A ZF7letged dxF (37 =0.127mg L Hro
CAS+BACH 2] (34 =0.850mg L, ¥1$] =0.183~
1.269) A oF 6.7¢) ¥t A= felz2F{ AEAA A

rﬂ



264 s - B - MBS - Molod - srEs
23 1 16.01 ) 11.01
Temperature (°C) DO (mg L™ pH
221 10.04
12.01
ﬂ
9.0
20 A 8.0 4
8.0 1
19 A
4.0 1
18 7.07
17 T T T 0.0 T T 6.0 T T T
3.0 5.0 1.5
NO,-N-+NO3-N (ug L) PO,-P (ug L) SiO,-Si (ug L™1)
2.51 4.0
2.0 1.0
3.0 1
1.54
2.0 1
1.0 # 0.5-
051 1.0
0.0 T T T 0.0- 0.0 T T T
ouT CON CAS+BAC ouT CON CAS+BAC ouT CON CAS+BAC

Fig. 2. Effects of CAS plus BAC on major physicochemical variables during the study period. OUT: outer environment,
CON: control, CAS+BAC: Casitone plus algicidal bacterium.
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Fig. 3. Effects of CAS plus BAC on the ecological indices

the phytoplankton communities during the study period. OUT:

outer environment, CON: control, CAS+BAC: Casitone plus algicidal bacterium. The dot line means the treatment

time of biological control agent.
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Fig. 4. Effects of CAS plus BAC on the dominant species (over 90% of total standing crops) during the study period. OUT:
outer environment, CON: control, CAS+BAC: Casitone plus algicidal bacterium. The dot line means the treatment
time of biological control agent.
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