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Abstract — To assessthe algicidal effect of a bacterium, Pseudomonas fluorescens HY K 0210-SK 09
(SK09), attached to activated carbon polyvinyl alcohol (ACPA) and cellulose sponge (CS) carriers
against Stephanodiscus hantzschii, the present study was carried out in an indoor-microcosm. As
comparing immobilization effects of two carriers, the ACPA carrier allowed for higher packing
cell density of SK09 compared to the CS carrier. In the microcosm, immobilized SK09 cells were
applied to control S. hantzschii blooms. Immobilized SK09 cells exhibited a species-specific activity
towar ds the diatom, showing an algicidal effect up to 72% attached by ACPA carriersand to 51%
attached by CS carriers. In particular, a level of conductivity treated with ACPA carriers was
decreased than that of CS carriers. The present study clearly demonstrates that ACPA-immobilized
SK 09 cells could effectively control S. hantzschii blooms and improve water quality in the micro-
cosm ecosystem.

Key words: activated carbon polyvinyl alcohol carrier, algicidal bacterium Pseudomonas fluores-
cens HY K0210-SK 09, cellulose sponge carrier, microcosm, Stephanodiscus hantzschii

phanodiscus hantzschii= -#-3 (Sommer 1986; Leitao 1995),

M = o}z )7} (Talling 1965; Kilham et al. 1986), o} o} (Ko-
bayas et al. 1985a; Kobanova and Genkal 1989; Jung et al.
Abdstel A 34 2 P e] Fodoksrl 743 2009c) 5, A MAA oz gty ela glom, o7 Ql3}
A il 2f7 o2 (harmful agal bloom)e] w1 5}7) olFm 4 WA FHE Frie| o AR &,
dofrtar glet(Vincent 1987). 53] A 27]el 4z Se- Ayl o3z FHH Fo| B FAES oF7lstar ol
o} (Oksiyuk 1965; Sakevich 1970; Lim et al. 2000; Lee et
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o] & 7} W FgTtel A wid A sta Qle AA
o]t} (Haet al. 2002; o] <} A 2004).
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7} ol (eg. Maydi and
FE S4F oplEte dE2F
(e.g. Sigee et al. 1999).

S hantzschii g Ale}3}7] $18 Q7%= Az A7 Psew-
domonas fluorescens HY K0210-SK09 (SK09)] #&]
Az 7A@ Axes A AZE) 9% 9% )
2 e Al (mesocosm) A -2 43 )33t} (Jung et al. 2008,
2009b). E3) mesocosme] 7oA SK09: & Aol x| =2
Azse Bl AefA A& s} Egkor}, S hantz
schii B3] w2 A7|HAex 2 ookl Ro] Zrle) 7+
© 3|7} vhgske] (Jung et al. 2008, 2009b), o8] 3+ FA)
e A 3 "kl dFE . olF HAIFE
FHF} zzto] 7lstsln ]—’51}40 2z 2 2317 AA
o] 7bs3dt kA 7‘3. 2] W o 2 (Brodelius and Vandamme
1987) 8}, #l4= 5] A2, QAT 2 FU1EEE AA
T e o8 ¥okoA g (Bettmann and Rehm
1984; Bafanz and Rehm 1991; Sahasrabudhe et al. 1991).

2 o= S hantzschii Ao S 98] Eel® AL
Pseudomonas fluorescens HYK0210-SK09& + /-2
DA ol g3t TA%E shetsiglon], G5 elA )
A" S hantzschii 405 7HA 2 23 4 Al
(microcosm)ol| A Atz AF-E S8kl
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Azam 2004), Tl
£ Yoz »y=9y

ME 3wy
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2 A7Ee] Mol ul=w Zeolite, Alginate 2
Cellulose Sponge(CS)HHAl ¢ A %5ol 4] CSHAI7} 713
Fe &85 vepisle(Kang et al. 2007). whebr] 71
=2 588 ¥Ql CSEAY Bio-caronil (3H)ell A 7}
ukg} activated carbon polyvinyl alcohol (ACPA)EA S A

v (Kang et al. 2007)3 SodstA] AbzA|
o] 2RSS Feobalglet ACPARAI = mIAES] ¥
T ¥ A JAlFe] o, Aaet Qo] AlA
o] ¥ AL 7 U (F¢Y s 10-2003-
0032492).
ACPA¢} CSEA|= 1.0cm3e] AedHA = A3t &
1545 A3 Slsted 2 S/52 AF F,60°C
ZAz71NA kel 2 w7 Az o]FA Az
g A= 180~250nm A} Al o 2 4A7F Ft e
w3k FAe 24%5S A3 #8 Jung et al.
(2008)¢] wul o= X3 Pseudomonas fluorescens
HYK0210-SK09 (SK09)= 500 mL Z&}~=ol|4 200 mL
nutrient broth ¥ x]o]] SK09= 10°cells mL-17}x] wf okst
5 7t7be] A2 5074 ZepaFel)| W1 SK09e E
s AR e St Wepe g 2aslA 6
7k Eqk 25°CellA 30rpmez HAAZow A=
SAE @ A7 U= A e el e 2ol
Az & A4soaTh (de Ory et al. 2004). THA) =l e
sodium acetate buffer (pH 4.6)= |2 3 50mL conica
tubesl] 25mL 2] sodium acetate buffer (pH 4.6) = 25°C 3}
24z A 20A2] %=-&3}(VibramCell, Sonic & Materias
Inc. USA)= 158 ol ZAo|x] AzAde &2/
ZAtt. o]g A g2)® AbzAF-2 0.2um black membrane
o3 AFS B F 46-diaminidino-2-phynylindiole
(DAP) = dMsle] 343 n| 7 (Axioplan, Zeiss, Ger-
many) e 2 A 43} (Porter and Feig 1980). 4] 2] 1]
AF-zsh AaAFe) A Bt 24 Ao @
Ask 47 B AW FAE AT F
shodch A% =HAlE Jung et al. (20092) 2] wh el wheh
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2. Microcosm& E3} Stephanodiscus hantzschii 2]

Az 47

Sz}l 4] oA g S hantzschii (2.51 x 104 cells mL 1)
A2 Ao r Abzado] 35 ACPALL CSHA|
7FA 3 10L AW microcosm A &L 2359t} o]
Lx= 13°C, 33L& J0uEm2s1(12:12hL:D cycle)

2 fFA3A AglE gz (Control), Aqz=AM+# =
Z)5l ACPASHA] 2] 7 (ACPA+SK09)¢} CSHHA] A&
T-(CS+SK09) 22]32 ACPA % CSHA7 &3t A8
T 5 & 59 AgT=E 77 34 AFE —’:“—'H%
oh. g4 9] £41L Jung et al. (2008)el] w2} 10 A3
Zroll AbzA|Fo] 2 5x108cellsmL lo] A ;ﬁ%t] R
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M F =l g £33k Microcosme] 17
Qo] WEs H7| 93te, 2, §EAkA, pH, A7A
%= portable meter (U-10, Horiba, Japan)2. Al & A4
o} A A AEEHIES] LM 7
microcosmel| A} A4S #d EsE & 10mLE A4
3}o] PE bottleo] & = 2%¢2] glutaraldehydez 1%
% aksin) A 3}el A (Axioplan, Zeiss, Germany) 2 A4

(3]
9 545

7t AP 3742919 Ao]E 1] $3le] one-way
ANOVA=Z FA3tgar, A B skt

©]3 S hantzschii®] o Atz% (Maximum Algicidal
Effect, MAE)2 oh2-3 7ol F31%th. MAE(%)=(1-
T/Cy) X 100. &3 7)ol A T} Cx= Z2F A -9} o =F-o
A] S hantzschii 7| A 4=o]™, t= A 7Fo]t}.

4 =

1. ACPAS} CSe4] =R &

ACPAS} CSeHAl = AtzAl ok wiAlo] %4 + 1
A7y A A] ZZF 7.05+0.85x 105 cells mL-19} 1.39+
0.49x 1085 cellsmL 12 Jepf it 28} 147 33
7z AR 2AE RS e]lE Blvd, ACPARAI =
d SAAH ez ZAF ] 4r7F AFA] Y 161+
0.15x1®BcdlsmL 1z o) AL =S B} ¥vhd CS
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Fig. 1. Attached cell density of Pseudomonas fluorescens HY K0210-

SK09 between activated carbon polyvinyl acohol (ACPA)
and cellulose sponge (CS) carriers.

G = 4 7F AFpA] FH ] 4.29+0.67 x 107 cellsmL 1&
23 F Fadsdd(Fig. 1). FA9 viAlFz= #24],
ACPARA = vlA| ogA& 7IX 3 9l& b (Fig. 2A),
CSFA= wAl F=] gla 43 43 e 7324
o} (Fig. 2B). =3 SK09 =4 & ACPARA: =2 U=
2 AbzAde] BAHe 9l&S Il ot (Fig 20),
CS#A= e U=g Bt (Fig. 2D).

2. Microcosmel| 4] AtzA| 4 S| & o] 83
Stephanodiscus hantzschii2] A ¢

Microcosmel| A A EB-Z8=% 2 S hantzschiie] 7] A
48] W3k Fig. 33 Z2th. ACPA+SK09 X 2] A A &F
HIE /A= 277 x 104 cdlsmL 1| A] 1.37 x 10%cells
mL-7}x] 748t om), CS+SK09 x=A] 2.77 x 104

< BT, CS+SK09 ] A| 51%2] Alxi-o] Tz
ACPA% Aol SK09 7] A] S hantzschiie] =2 Ak
< B35 dbHel| dxz7olA AEELIZE A E
%7] 2.77x10%cells mL-1o| 4] 4.80 % 10* cells mL-7}%]
=718t 22, S hantzschiie] $A& =3 90.58%¢ 4]
94.41%7+2] Al&AQl F7bHe o AxAMTE A
3] o> ACPA % CSEAT M)A, AEEFIE 7Y
Aps AaTe) kst o] fAHR =2 F7hsted,
z+7+ 1=0.86 (p< 0.01)3} r=0.87 (p<0.01)=
yARA S b S

3. Microcosmel] 4] 317 8.¢12] w3}

Microcosmy] 374 2919 W3l Fig. 49} 72} 42
£ 129~144°C2 A Ao YT FAFolsict(p>
0.05, ANOVA). §&A4k4E= djxzT¢A 8.04~8.72mg
L-12 ACPA @ CSZA9t xg]A] 722+ 7.90~851mg
L1 7.99~874mgL 12 tjx79} x}o]|Z Mo]x| ¢k
AT (p>0.05 ANOVA). 23v} AxAldg =3 =3
Al AT F43] Ao 53] CS+SK09 A=
Aol £EAbAE 269mg L 74A] 71451931, ACPA+
SK09 A2 Alell:= 4 548mg L 71A] ZHAaskelct. pH
T £E3AA9 fAREE WIS B, dix2TelA pHE
85844 9.087}# Z7}slglen], APVA @ CS=HA|qt
Aol = 272 AR S7FE By ey
ACPA+SK09 & CS+SK09 xj&] oA pH: 717+ 6.92
9 6.89717] olxot. AV H=xE djxTe} CSHEHA
A2 ol A FARSE S Be] Zhzh 93 273uScemt
£} 272uS cm = Byl o}, ACPAT AT XA HF
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Fig. 2. Photographs of activated carbon polyvinyl alcohol (A) and cellulose sponge(B) carriers before immobilization with Pseudomonas fluo-
rescens HY K0210-SK 09 (SK09) cells and ACPA (C) and CS(D) carriers after with SK09 cells for 4 hours.

256uScm iz A vebget. ACPA+SK09 2] -0l A
A7 A ExE HF 298uScm 7hx] 2713k ¥bd, CS+
SK09 A 2] Fell M= o 335uScm iz FA3 Z7k=
B

a #

ACPAg} CSZAo] ti3t SK092] =A% ACPAY
A7k 200 o] ¥A vrebsket Kang et al. (2007)-2 agar,
aginate, polyurethane & CSHHA| =S Al&-3le] SK092] =
Al CSHAY 71 A =24 & 4 sk Barsls]
o mebA], 71E Aok & 9] A4S B Al ACPA
GA7F = 58S AT gL o 2 gl o]=
A&k 1 polyvinyl acohol (PVA) A& o] 1] A E-2]
Aes ot d o] 2 2oz Hgdvy B
Ho} vt 5(1998) o 7}A] 9A AFR-A] FAJE
Aol A& MY 3o, & 5 (20012 24
FAY 2 2AEE vedx Busgdd =

[ORCUA UR

PVAS 21838t ©A]9] odFo)| 4] Lozinsky et al. (1996)-2>-
o8] wAEL Aoz PVAS ZA %o ¢33,
Saccharoyces cerevisiaeE A3 PVA 2AE 71X
#H 43 copper A A =L 58S B (Ting and Sun
2000). v] gl T B wge whAl APen) ohy
g 2A9 =R, A&7 AEY] 59 Eg)d 29159
Balx oz 283t (7] 5 1998; v} = 2001). ACPA <}
CSFA 9] wA T2 FHEA] ACPA%HJI—E B2 A &
FE°] glE ubd, CSEA| = vAl &3e] $lar ACPAS

Aol ws we mRAL ebh ol weta w2
& b Qe ACPARHIS] A4 w3 28 27}
A7k @ aqes Sus 2o Al s

RAEE AL oy 71A] g, 315 9 nAE 1y =
ol SlolAl, ol T A} AWEL LA H)s
AR} B GPE 7o) s
(3 5 1998), ko= Ao =AEE oS FUMAA
& 9 977} Basi

Microcosmel| 4] SK097} =A% HAE o] &3l S
hantzschiie] Alz:< glelslele rcH, ACPASHA o) A
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Fig. 3. Changes of phytoplankton communities by inoculation of immobilized Pseudomonas fluorescens HY K0210-SK09 (SK09). A and B:
Activated carbon polyvinyl acohol (ACPA) and cellulose sponge(CS) carriers immobilized with SKQ9 cells, respectively, C and D:
ACPA and CS carriers without immobilization with SK09 cells, respectively, and E: control. An arrow indicates the time(d) of carrier
inoculation. Data represent the mean+ SD from at least three independent assays.

> Ax%S Bod. S hantzschiigs Alejstr] 913t
indoor mesocosm <3 ¢ 4] (Jung et al. 2008), SK09= 5x
10%cellsmL 12 =& =94 o 88%e Azx%< X
g}t Ty B ATl ACPA+SK09HHAl ] A]
2%z AdHoz e Azxes el o=
SK09¢] Az7|zte] S hantzschiiel] 24 Xzale] Az
A7 AA AP 22 (Jung et al. 2008), FA A &
25l SK09e] Mz =rt A YA Azderg o
9t7] WjEo= ot=Elch 7=y} indoor mesocosm A3

A, 139 Fell AEEFIE NAS A F7 B2
%ot (Jung et al. 2008), & AFNA = A &H oz A
o] =9l Wul olz}l, ACPA+SKO9HA gl wi
&4 2ton mesocosm AP A= S hantzschii] 22
= FEFHA sk, vl o] FAY SK097F HE] Foll
A 7R AE fFEGAG (R AR). w2t F
AW Z=A=H 9 SK099 Az A $x4], S
hantzschiie] =43 o] 7bsAd o] ekl Ala ¥t
Microcosm A gel|A] A Xe]Ad S hantzschii:= A&
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Fig. 4. Changes of physico-chemical factors by inoculation of immobilized Pseudomonas fluorescens HY K0210-SK09(SK09). A: water tem-
perature, B: dissolved oxygen, C: pH, and D: conductivity. ACPA and CS indicate the inoculation without SK09 immobilizations.
ACPA +SK09 and CS+SK09 indicate the inoculation with SK09 immohilization. An arrow indicates the time (d) of carrier inoculation.
Data represent the mean+ SD from at |east three independent assays.
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Qoreh. @7 ecle] Waloln HA BN @ 4

7)1 = %= (Kobayas et al. 1985b) SK09= %3]
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o} (Jung et al. 2008, 2009b).
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= o]£3 microcosmel| A ACPARA7} CSEA Rt S
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