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Pseudomonas aeruginosa AJ10| 2|8t Microcystis aeruginosa2| 2H|04

UMY - OfakM*
Z[hsim Uyithsiel AMTstnt

WA 39 g A {3 2GHALZHE LEE ZHJA ATE 5] At 1767575 F2-233 3192,
o] F AJ1°] 7 =2 ZFA A YA TS e A KA F 50.0 mm ARG A &, 2HAAZG AT 23hd AN T
F 4L 93 E3tA, A2 - A 334, 16S rRNA gene sequence ¥4, X WHAE B4 & £3fslg] on] 0 AF,
Pseudomonas aeruginosa 2 A= g1}, AJ1 Wl oFeY S UA B2 7 F AFN L =7 ofN ol H A, AF
o3t 2HA A AT o] veldel vt A X o A EHlo] 93 AL A 5 U M 52 2H4AAY
A%60.2(+1.3)%]2 ©2Y 2 2 mannitold AHE-3LT, -2 30°C, pH 8ol A vl 3 v R} =3, AJ1 TFF2)
w717t 9 T A7) o] 2 2RAA QA B/ A, 2R AR 2] @A 2RAAAATE TS
9 2547445 A e, 359 v F7| 2ol ubE 2FAFGA TS ARA o] ebtA 4deh A
FY AFFo| e 2FAFAA T A5 AF5F ] 2oMATF M. aeruginosa®] AAFL 571819 o,
T340 mV/L)E A 4319 S o) 80.3(18.6)%2] 7V ¥ M. aeruginosa A ALEE HAFHAGT. AA 4529 A
+ A5 AFFo) YA F M. aeruginosa A A& o] oA = AL Fsg o, A F=(10 m/L)E 34
A] 8.2 pg chl-a/supernatant ml/day 2 7} ¥7 Jebgol £ QT A, A1 T59] AR 24 A| M. aeruginosas]
Alojo] EEHY Aoz AgH}

Key words [] antialgal bacteria, M. aeruginosa, P. aeruginosa

1PN L NP AU WA A, 915 JPAF B AR vla) Be) 2 ujego] mlmA 3, YAEES v

Hot oz e SaAG] RYs Bol AAAH

s gk o2 Qs 3] 5 2571 Fek S5
4}

Z 3 (algal bloom)o] WA}, 1 WAP=|Ho] A & ATH0). A WL g0l £/ &

Qth Hxd84) o8 &= U 23409 EHET) 7hAE, Holl HZ(cell to cell contact)dte] AlEZ £3]E Lo7|31(3, 12,
olF w7} WAEt AL 7 9 ¢ AEAl] E FFS Far 20), A WHS A oNE ZFIAELDS BHlske] 2/
ATH21). 53], GdFo] o ARl wet T vk E S Asiske Zleltk. @AZFA] L-lysine (24), harmane (15),
£ doA A g oz ALt dHAY(). 523 B-glucosidase (14) ¥ B EHIEZA Fo|] 2RALZIA =
& A Al T8 F(Mycrocystis <5)°] IS FAEEH 9 Yehlle Aoz BaHITko, 13, 17).
3 75 AEolv 7isdll ¢S VA, 87 B AR AES o] 87 27/ Alole vkt w24 B A8 A7,
28 A Ea g EdEAR Agste] QIRE AR A¥E wkel whek 2 sl HAEE yehdt) 2y, oA7HA
I SIThE, 22). AF7HA] 5288 AAIE] flall 284, 3t 2/ Ale] mAE] dig dAve 9l del digk A8 28
SHa] Aloio] & A-8H3A o, o] W g8t AlA F9d 7 8 FAAR &3l 717 ol vHIgk Aol =R/
o7 Qg H|go] WAHY, £F AEol| BI50]H FAH0RE 2 AlTE £ol7] fa) HFe] vAES FUtewEM, ¥ H &
B3te] 221421 el FaE dozIth(19). ¥hH, AEEH Al 7Fs/d& SaL Aol o8k 2314 LA E RS 4 2l
oS Tt mAE@lolE L, e Eol, i, AT E, T O 3L 2Rl Al 5E ) Al 2RI
EEYAE 52 Ao RN AuA whs HAslelal vlE gkl Aas - Qlo] o] =2 mijAIE ARESte] 317 2R/
ojuf AerdelA Hojuk H o] WRlel gk A7t & o] S BS FAA7e ARE 7S vk
Zolx 1 t} Tkl AESHA AA] = vhe|g ol 93 2F a8Beg B AFoM= Microcystis aeruginosas A A 4=
Aol g8 A7k WAl shom, tlke ZRAGAAT b TES velelolE 22, FHSHon, 2R
(10, 11, 12, 13, 14, 15, 16, 17, 24)°] RaEo] gt} ol tf  ZF7AZ & I HF9 $424L I8l T3 pH, 25, &
d @age] e APS AT T ¥ 279 43 B
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ofo]zulro] BES ] APAZ RIS T2 g Al A)F

3t A& 1% (v/v)E NB (Nutrient Broth), AGB (Actinomycete
Growth Broth), 27M ¥l &|(Rhodospirillum medium, ATCC
medium 1308, 5)0ll &3] 2941°C, 150 ipmS.E o] EXF X+
et 7 HE L AN viYd= Y] 217 SYsHA 8t
At 9 7 e HAETHAY HoaEs ARSI
AHEE Z2RE ASH-AAA B8 M aeruginosal 2 400 ml<]
Bold 3 N HX](18)°] 5.0% (viv)E HZE3le] 29+1°C, 33 ZAl
Al A af stk

MEAN s £

A7 M aeruginosaS Bold 3N 0.8% agar Bl x|
0.1% (wv)E & &7 £S5 Bold 3N 1.0% agar ¥i#] £
of o o]F ZFE(double lawn layer plate)yS A|Z}SIAT o
FE Z} vjR|ollA BjgE T 100gL (WVE 7] T FES
S 10w 2RE HEFSIATh AlE 9 Ed o8 =
FAGAA T A& A8 T wlFHE 0.2 pum cellulose ester
membrane filter2 2] A& 5.0mm diskl 5pl¥ HESIGoH
7zt 2FEE B 200X 29+1°CE AR e, Al AIg
B AR5 It

Ad W T FSHell 3t chl-a (chlorophyll a)9] | AZS
gl1sl7] 218k 10 ml 233719 M. aeruginosa®) i%'—*é;g'
AATF 1.0gL, 5 20m/LE Z7] HEFsF] 29+1°C,
150 rpm, F 7oA 6 &<t & w3t Chlad] =
S AE 47mm GF/C filter (Whatman, UK)Z 33}3L, 90%
acetone 4 miol] X]2]5le] ol W& F 4ol 24417 WX &
0.2 um PTFE (polytetrafluoroethylene) filter2 A3l Sl
AREEIATE. Chl-a8] &+ 630, 647, 664, 750 nmol| A £33 3
%A (Beckman Coulter, USA)E ©]-&3l] F3ES =43} 1
s EdZ AL Chl-a2] @8] ko] ALt oot
ATH4).

Chl-a (ug/L) = (11.85(0D,4,-OD,5,)-1.54(0D,,,-OD.,)-0.08
(ODg;,-OD.4))) % FZE8u) %k(ml) / i%“%k(L)
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o - FAS wEsi e, Ay - AsleH 5A4e AP kit
20NE (Biomerieux, France)S AFE3ste] &4 28 ©<r3lE9]
e, | R, ©Ad o8 oF 5o A7 AYS ot

3 TE 16S rRNA sequence™ Solgent Alell sequencings 2]
3} 2™, universal primerZ 27F primer (5-AGAGTTTGATC
(AC)TGGCTCAG-3)} 1492R  primer (5-ACGG(CT)TACCTT
GTTACGACTT-3)2 AF&-31230, SeqMan (DNASTAR) 2 1%
< AR88te] A H3tal, GenBankollA 77k 5 EHR18HTh
APAE B2 TS TSA (trypticase soy agar) HIA]ol 30°Cell
A 24A7F Wi T, APBARS FESte] WEstE FEQl FAME
(fatty acid methyl ester)& GCE EA5IATh #4449 A E
Sherlock Microbial Identification System (MIDI, USA)2] library
o vl A8k T4k

2=, pH ¥ B2 20| ZRHUEAN SO O|X= A&
A3 2Pl 202 Age] et
Ak 27] pH 6, 7, 821 NB HIR|ol|A]
ST vl
15, 25, 30, 35°CE #-8891oH, 2RI SH U3
Wz 383t Bado] 2Rl A= ?%
8137] #18ked MSM (minimal salt medium) 100 mlel] 0
L-arginine, betaine, glucose, mannitold Z}Z} 3 7}38}aL, J_fi:e_r
TF wdd 1.0% (vv)yS HE38ke] 29+1°C, 150 rpm, 1?4_{}
& et f1o 2o WU O R AT HE F g8t 2R/
AAls-S FIsHAT
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Fig. 1. Forming clear zone of diameter 50.0 mm after 20 days on M.
aeruginosa algal lawn by strain AJ1.
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A4S ©2317] 938k 03% mannitolS 7FsF MSM 100 miol
1 75 1% (VB RHESH 29£1°C, 150 ipmolA] K18 wl<k
&, EFE(600 m)E =3Ik ZRAFAAT w20,
40, 60A] 7ol
filter2 A2 & %

kS FH3S) 0.2 um cellulose ester membrane
Fjrte] HEele] 2RSS Bel

248 HEE HE =FUEAN SO O0|X= é%&

Tkt ] S HESI HAH Y /AT
= AF TEE =399 03% mannitolS 7 Fﬂ' MSM
100 mioll AJ1 75 WA 1% (v/v)%: AEslod 197 WY 5,
FsAE 10, 20, 30, 40miLE = Aol HFskaL 6L

il

&g F5e A
H3l ok NBolA 12175, AGBOIA 4 %T, 27 M Hj Ao A
14175 = Elote] 23 H2ES 29, 14057} 478
AgS FAsdtt. o] F NBolA £33 Al F37} 208 5
et A& 50.0 mm (19.6 cm?)2] 7 AA|3KFig. NS s 1
a8 dF2 AT o] Hadl =W P aeruginosa
A& 30.6mm (10), Sinorhizobium kostiense AFK-13-2 7‘]%
17.0mm (14)9] AAIAES FAJsted, Al Tl 2%k
AAA a7t =& Ao FRIEHU.

Al TFE 2% 24, 04~0.6%0.8~1.2 um2] F7]|=2 whrfjgo]
St Aslehd E20-8 ER1(API 20NE)St Apiweb™Ool| X 5=
Library 2B} Pseudomonas aeruginosa (97.5%)% &3 % 31
ot} ol XFTF P aeruginosa ATCC 1014579} FE|ghy, A)
7] - A5}etE 543 dAek= AR ERIE UK Table 1). B3
16S rRNA gene sequence 4] Z2Z} ZFTT9} 99.9% YX|s}
St AaE B4 AT P oaeruginosa (FAE 0.874)Z 574
HAcKTable 2). FEAsHd 524, A2 - A3z 54, 168
tRNA gene sequence £41 12|31 X|HMF B4 A9E F3)o

AJl T P aeruginosad= AT 4= it

25, pH Z0| =FMEAXN SO O|X= A&

Pseudomonas <& 5= e Aol '] EAltaL, FE2Fol i)
A o] 2248 BHlsle 2FA4FAATS L]’E]'”h:]—— Rt
N0 (23), L & HHEol M= AE & E4 #Hld o) %
TG A 7 01011%}—% Ha7F JAATHo, 11, 12, 17). ¥ AT
oA M & Ede ogt 2FAAFIAAT Q?Jg 3t 45
A A8 A ZFAGAATO] R1HJA o, o] F FTAS o]&
st Z2/AGAA RS sk

18] ZRAAZAAGTS = HAY ujgx=1s gyt
7] 93 bk pH, 250 WE 3PS AT 1 A
30°Col A pH 82 4.5(+0.5)cm? pH 7 2.0(30.4) cm?, pH 6
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Fig. 2. Forming clear zone on M. aeruginosa lawn by supernatant of
strain AJ1 at various pH conditions.

0(£0.0) cm® A RS FASIA M (Fig. 2), 15, 25, 35°Cell
M AAIRS B8k &sith o= Hol pH 83l Hiol
A W ANl B0 TS ZRl A3t 30°CE fA
3AS W =2 2FAAGAASC] Yehv= 218 ¢ 5 ATk
ol & ?i:rLX]'oﬂ st AFH Moraxella sp. CK-1 (11),
Bacillus cereus N-14 (17), Acidovorax temperans AK-05 (13)<}
22 dFee] &Y dEl(pH 8 oldelA HA e =R/
As= EO% B AT Aot FLsHA vehd 21s st
j_g]E_E ;qoi oLyE}‘:q s 107]‘_:
gol WAsh= T o]H g

Cyanobacteria®l|
T 280l 7t

7 AClE 9% AEHH Ag) A2de 89 A% A, 2
294 el 3RE Al Ao 2% 4
1::_]__ Z]E] 5 u1 01:01]
o] H4 ZHAFIASE Rol exzo] 30°Cs} o] AL
o Miske] A Lehgond olol wleh APHQ L% W pH =
Ho] 7P e A2S A - ST F o E2H AR}
2 227} 7Fsd Aojeh AZkHrt.

Aol et T

EtA 20| ZRAMEAX SOl 0|X[= A&
gurx o mhggole] ot BAEE &
o o3 A3 = HEAE HAr) oA Oﬂ:rLoﬂ =

Paenibacillu sp. DG-22914] A2FE = B-xylosidase2] A FHAd o]

4 g4 ol f= % EA3EATHR). P oleovorans®]

7§ citrate, fumarate®} 22 ©AYS ]85} pyrlmldme

nudeotide N-ribosidase &3-S Z7IAATHR25). ZFAEAIAT

7Y BkelRl 8 EZE B-glucosidase (14), hydroxylamme

(6), antibiotics (10), aminophenol (24) 5°] R1E At} 221}

oJu gt ghaglol] oJste] o] dt 2F/GGAA EHEC] ffiE 2

A3 s=rte digk At vl Aol o] s EAIHS

Heksr) Qlete] @l gAo® S ufdkele] 2RAFZIA
S ERISIFTE. P aeruginosa’t T B o g o83 &
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Fig. 3. Removal efficiencies of M. aeruginosa by supernatant of strain
AJ1 in liquid culture on various carbon sources. Strain AJ1 cultured in
mineral salt medium with 0.3% L-arginine, betaine, glucose, mannitol.
Treatment of 20 ml/L supernatant.

0.3% 718l AJl T8 1Y visldn). gadel wa 4%
< FBE600 nm)E =43P om, 217F 0.882, 0453, 1.047,
0.8372 RSt} vjefdo] A5HE M aeruginosa®| 243+ A
3, 27 69(F33)%, 9.7(F4.00%, 3.8(+10.00%, 60.2(F1.3)%2]
chl-a AAEEFig. 3)= YeEFITE 53] mamitolS ©]-83139S
749 e g4 Bty 6-16M] =& AATES BAFATH
O]2 Ko} P aeruginosa AJ1-> mannitol2 T B0 F ALS-
IS W) ZRAAGAEZD o] FoAlE AL BT},
oA B A 73 ujUdS casitone (11, 15, 20), peptone (3,
10, 13, 17), tryptone (14) 5] EFMAE o83ttt o|z|gh
EaA oA vt o] Aeds A% A8 Al spxle] 2t
F AL 22 FEE B9 2R A4S FAANZE & %o, 2
2] L@ st vhd, A MSMe 318 A4
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AV M. aeruginosa 737¢ell W2 Streptomyces neyagawaensis
FF Ag A AA7), WE7), A7) dANM 22 96.9%,
41.5%, 0.0%2] ZFgAA 55 BAFUTH9). Fsde =74
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AT Al=E A HE A, m2AE B 27 2R/
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Fig. 4. Forming clear zone on M.aeruginosa lawn by supernatant of
strain AJ1 according to growth period of algal lawn. Treatment of 5 pl
supernatant.

o & | ME =RMEAN S 0[X|= A&

Al 5= 8l 0~5A1271A] A7, 5~2541%F diS=7], 25
AIZE o] % AA7|E Soizkth. o] T i 20, 40, 60A]Ttell Hl
et o] Aed 20ml/LE FHIl 2RAGFAA TS RISt
Az A7} 63.0(+13.5)%, 53.5(F4.4)%, 72.7(33.0)%2] chl-a A
BES HAFUTHFig. 5). olg Aol fAkeE 7= & ¢
(3), Choi £J(9) Tl s Rud u} QO™ Sphingobium
herbicidovorans (3)2] 374 A1719) W dnabaena cylindrical A
o2} Streptomyces neyagawaensis (9) 37 Al7]o] WE M
aeruginosa A1) ztol7} gtk A <1 & = YA Al
9] o4, 27 2 2] ARV e 2FAFAATS
79| Zpolg KolA] gkron, o Yk A} Z2FRFIAAE
£9] AT ES AT 5 fiT

rr

As MEH| B2 ZRMFINS 0lXs 8
ANl ) A5 AEFS Tl sle] 2RSS

Optkcal denslty (600 nm)
Removal efflclencler (%)
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Fig. 5. Growth curve of strain AJ1 and removal efficiencies of M.
aeruginosa by its supernatant in liquid culture. Strain AJ1 cultured in
mineral salt medium with 0.3% mannitol. Treatment of 20 ml/L
supernatant.
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Fig. 6. Removal efficiencies and rate of M. aeruginosa by supernatant
of different amount in liquid culture. Strain AJ1 cultured in mineral
salt medium with 0.3% mannitol. Treatment of 10, 20, 30, and 40 ml/L
supernatant.

BlElt). A HEFL 10, 20, 30, 40 m/LE 28381911,
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pH 8°] HHzo = FEF o, B AU O Z mannitolS
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71Z2E o] BHoh ASH A9 B AoFE Hth Al
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ABSTRACT : Growth Suppression of Microcystis aeruginosa by Pseudomonas aeruginosa AJ1
Sun-Jung Kim and Sang-Seob Lee* (Department of Biotechnology, Graduate School of
Kyonggi University, Suwon 433-760, Republic of Korea)

Among total 176 strains with antialgal effects isolated from So-ok stream in Korea, Pseudomonas aeruginosa
AJ1 showed the highest removal efficiency for an algal species Microcystis aeruginosa (clear zone of diameter
50.0 mm on algal lawn after 20 days). The algal growth was suppressed even when the supernatant of AJ1 cul-
ture was applied, suggesting that extracellular substances are responsible for its antialgal activity. The removal
activity of AJ1 was optimal under the following condition: pH 8, 30°C, and mannitol as a carbon source. The
antialgal activity of AJ1 appeared to be dependent of the growth phase of M. aeruginosa, i.e., the highest at the
early phase, but not its own phase. As expected, the algicidal effect was improved as the amount of the treated
supernatant was increased; the highest removal efficiency (80.3%) was achieved when 40 ml/L of the super-
natant was used. Interestingly, however, the removal rate was opposite. The highest removal rate (8.2 g chl-a/
ml supernatant/day) was achieved when low concentration (10 ml/L) was applied. These results suggest that P
aeruginosa AJl is a promising biological agent to control the problematic algal bloom.



