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da 3Tl e FEF7F A "Hoba B S
Anabaana spE AATAZEE B2 A7) 1@H 94
Al O Fol vl A feld 23E& JHAAEY, 4
eylindrica= AAIAFo] 538 AMIEe] @2F Fo02 &
214 3ATh3).
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REL BUDES]

& A7IA AR EERF BelAlTY £ 2 £ &
FE A% SFES ¥ FHW A IAM (Institute of
Applied Microbiology) culture collection®| ] #|F8 Anabaena
cylindrica® AVFE3YH3L, Anabaena cylindrica®) 73-% ALFFY
o] g WiRlolA Ao T & olRolA)E Aos YA o]
) BG-1I¥|XI(NaNO, 15g, K,HPO, 0.04g, MgSO," 7H,0
0.075 g, CaCl, 0.036 g, Na,CO, 0.02 g, Disodium EDTA 0.001
g, Citric acid 0.006 g, Ferric ammonium citrate 0.006 g, Micro-
nutrients 1 ml// D.W)E H3 T BG-110 (NaNO,7} H71=)A] ¢
€ BG-1IMADE AR W %FYE A (Micronutrients) =
H,BO, 286g, MnCl,-4H,0 18lg ZnSO,-7H,0 022g,
CuSO, - SH,0 0.08g, NaMoO, - 2H,0 039g, Co(NO;),* H,0
0.049 g= 119] FFol &3llste] Yrisldet. G279 wike
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28°C, 3000 lux, 150 rpm®} ZAo A W& vl ksl ).

HEF EsiMTed 22

Y25 BT 85317 8] dnabaena cylindricas S5
2 3= double-layer agar method (18)E ©]-8-8le BG-110 H3
WAl Anabaena cylindrica lawns FH|SFATE. Anabaen
eylindrica lawnol Z}249] AEE 100w ZE8te] 28°C 3000
lux light chamberol A 1Y B4 & Anabaena cylindrica
lawnol) A== Ald colonyd FHUHE F33e AS st
o] agarEs 1.8% H7}St LB (Triptone 10g, Yeast extract 5g,
NaCl 10g/l D.W) ¥Rl wu)ed slH ) 21 £ #5-8
BHSYIL Anabaena cylindrica lawnol 2} B2 #-5& #Fo|
£ olg3la HE3I colony e FHUlE Fe=A9] o
HE #AS F o]F Ellsol 53 AT -2 Eelsith

=olZFe §3 )

CHS1 genomic DNA preparations Murray2} Thompson®] &
HR(14)S Hs ] FB3YL, 165 (DNAS FE3)7] %
primer Weisburg 5(25) ©] A3 primerS W 3}e] ALE-3}
St} Primerd] ¥71X €L forward primer’b 5-GAGTTGGA-
TCCTGGCTCAG-3', reverse primere 5-AAGGAGGGGATCC-
AGCC-3'0]t}. PCR ¥H8-& PCR buffer (100 mM Tris - HCl(pH
8.85), 250mM KCI, 50mM (NH,),SO,, 20 mM MgSO,; Roche,
Mannheim, Germany)oll, Z}Zte]  10mM  deoxynucleoside
triphospate (MBI Fermentas, USA)2} 10 pmol9] primerS 242}
27V}, 20 ng DNA template, 2.5 U Pwo polymerase (Roche,
Mannheim, Germany)E 2713l % PCR WGBS 50 w/=A)
A| %3l TaKaRa PCR Thermal Cycler MP (TaKaRa, Shiga,
Japan)Z 8 S1H T}

A AR 98-8 95°CoA 3 & B DNAE ®HAAYIAL, &
DA XS 94°Coll A 40 F, 67°C 1 &, 72°C 1 ¥ &<t DNA
£ ZF3h= W8 35 3 Aldsda upARe 2 720ce| A 4
T
<

2t DNAE 558 & 4°ColA BEaAsAnt. PCR TS

QIAquick PCR purification kit (Qiagen, Hilden, Germany)&
AFE8ES  purifydt A Th PCR 5#4HE-2 pBluescript 11 SK
vectoroll cloning 3%, ligated DNA fragment= DH 5™
com-petent cell (Gibco BRL, Gaithersburg, USA) 2738 5}
Gtt. 16S 1DNA 71498 ZA3%}7] HsiA cloned fragment
= automated DNA sequencer (Bionex, Seoul, Korea)ol|l 23}
A A7INE BAE FAEAT G7IAERAS Bt de
CHS19] ¥7}*8-2 Blast network service® ©|-838} EMBL/
GeneBank database®] 97|MEd} vlugho 2R ATEFEH
ABAS B8t HA|, CLUSTAL W software (23)8 A
sl MEE wEslg L, A4 (phylogenic tree)= PHYLIP
version 3.5 package (4)%)A1 neighhor-joining method (19} ©]
£-31= program?] NEIGH-BORE A}&35ta] 2AJsloct. A%
Atolel A7)MYE FAFEE Jukes-Cantor distance &-21(10)2] &
2]¢] DNADIST Wl EZ =& o]-§-33]th.
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&3, CHS19] FEEHy, AelEs] 4S8 AR 54 2%
£ ISt} Aeldldy EAJL Bergey’s manual of systematic
bacteriology (11)°] Wiz} E1514 T

2iMZe xR 2l #Mx

250 ml flask 3 7Nl 242} Anabaena cylindricas 50 mi¥ ¥
8 ¥ 28°C, 3000 lux$] B BiF7leA 24 AIZF WiF F 3
N9 flaskell= 22t o A4719] CHS1E: 5 ml HE3HT o
2 1709 flaskol] WERTFOE CHSIS HESIA] ESdth 1, 2, 3,
5,7, 9 QRTA] chlorophyll a5 F&87] #138] 4.7 em dia-
meters GF/C filter (Whatman, England)S ©]&3l Zz+&
smi¥ AT F 90% acetone®] 30ml BAA Uv I
He T gocolX 24 ATERE WX chlorophyll oF &
3t 750, 644, 647, 630 nme| FZo| A spectrophotometer
(Hewlett Packard, Hp845X UV-Visible System, USA)E ©]-&
stod SA48IATH15).

MEe| 880 HxR Eolls 53

LB ®jx|ellA] vie}d-S CHS 15 A7 70 wierst &
QAR (7,000X g, 20 min, 4°C, Beckman JA-10)3F Th2-, YM-
10 membrane filter (Millipore, exclusion size 10,000 Da M.W
cut offfS 7}AE Amicon ultrafilteration’d X 2 FZ3IH ). ©]
F&Ae oAl SHE(7,000Xg, 20 min , 4°C, Beckman JA-
21yt SRt )8ttt o] 45AE 4°CollAl Ammonium
sulfateS 0-80%3H7} g+ H 30 &ol A ¥ A4E#(14,000X
g, 25min, 4°C, Beckman JA-21)3t 45A7} AAES ¥}
o] Ammonium sulfateZ D7 FAES 20 mM Tris - HCI (pH
8.0) #FEHoF ety T #FEY 20004 TS
Ammonium sulfate® A A AT o] FEFF Mxe] EAS o
FAR71] F2F AEst] B APERE 750 nmoll A &
B2 24Tt ol A dnabaena cylindrica lawn$]ol A
£ Smm 37)9] paper discs BT MEL & 10wH
Z3)aL diseTHl FEd B4 AR5 BEE3TH

4 2 a8

HxF 26l M=ol 2]

gxRol g Fuvl BASE B, WY A5As 4 5
T22E A AFAIEE A oylindrica lawn®ll B3 11
U7t wjdsk A3} Fig. 1904 B vkel 2] 4. eylindrica Jawn
o g M) U7l sk 2 #U & F AML, o'
2 A. cvlindrica® O3 B35S 33 71 EallFo] ¢
stk A9 w5 - APk Aol olFolR7] A
7] CHS12.2 ™3t

=22l Mz 83
Bal g3 3L 98t 16S DNAS E7IMIE A3}
CRUSTAL W program¥} PHYLIP program= AM&-3te] a3t
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Fig. 1. Clear zones that made by microbes having algicidal activity.

Art. 16S IDNA E7IMEE 71228 E2A 554 B4
22 7% CHSIL Fig. 2014 B vl9} 2] Bacillus 4 3
kel AlESHE g &84 £3], Bacillus pumilusS} 97.4%
LA 7 =8 FAFAE RoFAT(Table 1). Drancourt
Ol Q3 F 79 FHOZAE 9%oldel FAIEE 7t
Y, & 7279 5AL 97%0) 9] FAREE 7Hxof drhar
150} gtk ERA|9F o}3) 168 IDNA G71XGE 7|25k
Al T4 BAshe G7IME AR Hlae] 71Ee ok A
3z A& ol th(s). cHS1Y Feighd B Ayeshr £42
Table 2914 VERIRLOH, 37°C, pH 7.0004 HZF 9] AAS B
QaL, 1% kAol catalase®} oxidase testoll A= IS
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Bacillus horikoshii DSM 8719 (AB043865)
Bacillus halmapalus DSM 87237 (X76447)
Bacillus cohmi DSM 6307 (X76437)
Bacillus cereus |AM 12605" (D16266)
Bacillus flexus IFO 157157 (AB021185)
Bacillus megaternum IAM 134187 (D16273)
Bacillus psyo icus ATCC 232967 (AB021195)

Bacillus circulans 1AM 12462* (D78312)
Bacillus benzoevorans DSM 53917 (D78311}
Bacillus niacini [FO 155667 (AB021194)
Bacillus fiumariolt LMG 17489 (AJ250056)
Bacttlus jeotgali KCCM 410407 (AF221061)
Baciltus firmus 1AM 124641 (D16268)
Bacillus lentus IAM 12466" (D16272)
Baciths methanolicus NCIMB 131137 {X64465)
Baciflus coaguians JCM 2257 (D78313)
Bacillus badius ATCC 145741 (D78310)
Bacillys sporothermodurans DSM 105997 (L49680)
Bacillus oleronius DSM 9356/ (X82492)
Bacillus smithii DSM 42167 (226935)

Bacillus subtitis NCDO 17697 (X60646)

Bacillus amyloliquefaciens ATCC 23350° (X60005)

Bacillus atrophaeus ICM 90707 (ABO2L181)

Bacillus ficherformis DSM 137 (Xe8416}

Baciflus pumilus NCDO 1766' (X60037}
Strain CHS1
Bacillus pseudofirmaes DSM 8715T (X76439)
Bacillus halocurans DSM 497" (AJ302709)
ylanus JCM 73617 (DB2065}
fies halophitus NCIMB 22697 (X62174)
Safibacilius salexigens DSM 11483' (Y11603)
Virgibacillus 1AM 11061 (D16275)

bacitlus lyticus ATCC 128567 (D78455)
fhs brevis JCM 25037 (D78457)
Paenibacilius polymyea NCDQ 17747 (X60032)
h fhus acidocaldarius DSM 446" (X60742)

001

Fig. 2. Phylogenetic tree based on 16S rDNA sequences showing the
positions of strain CHSI, the type strains of some Bacillus species and
the representatives of some other related taxa. Scale bar represents
0.01 substitution per nucleotide position.

Table 1. Levels of 16S rDNA sequence similarity for strain CHSI1, the type strains of some Bacillus species and representatives of some other

related taxa

% Similarity in :

6 7 8 9 10 11 12 13 14 15 16 17 18

1 Strain CHS1

2 Bacillus subtilis NCDO 1769T 94.7

3 Bacillus amyloliquefaciens ATCC 23350T 95.0 99.4

4 Bacillus atrophaeus JCM 9070T 94.9 99.3 99.4

5 Bacillus licheniformis DSM 13T 94.9 98.2 98.2 98.3

6 Bacillus pumilus NCDO 1766T

7 Bacillus cohnii DSM 6307T

8 Bacillus megaterium 1AM 13418T

9 Bacillus circulans 1AM 12462T
10 Bacillus fumarioli LMG 17489T
11 Bacillus firmus 1AM 12464T
12 Bacillus coagulans JICM 2257T
13 Bacillus oleronius DSM 9356T
14 Bacillus halodurans DSM 497T

97.4 97.1 97.1 974 96.3

95.6 94.0 94.0 94.6 94.3 94.7

94.9 93.9 93.8 93.7 93.5 94.5 95.7

94.8 93.5 93.6 93.3 93.8 93.8 95.3 95.6

94.5 93.6 93.6 93.4 93.5 93.3 94.6 94.3 96.0

95.5 94.9 949 95.1 954 94.9 94.7 952 96.4 95.5

93.5 93.0 92.8 93.1 92.9 92.1 92.6 92.7 92.3 93.0 923

94.2 949 94.8 952 95.0 94.3 93.5 93.2 93.9 94.0 95.5 94.4

94.1 94.0 94.1 94.3 94.6 93.5 93.8 92.7 92.6 92.8 93.9 92.2 93.8

15 Halobacillus halophilus NCIMB 2269T

923 91.7 91.6 91.5 91.6 91.7 91.4 90.8 92.1 92.8 92.8 90.6 92.5 92.5

16 Virgibacillus pantothenticus IAM 11061T ~ 93.2 93.2 93.5 93.5 93.4 92.9 92.4 92.4 93.2 924 93.2 91.2 93.1 92.9 94.0

17 Brevibacillus brevis JCM 2503T
18 Paenibacillus polymyxa NCDO 1774T

89.2 88.9 88.8 88.7 88.9 88.3 §9.3 88.9 88.1 89.4 88.7 88.5 89.5 89.5 88.3 88.4
88.8 88.3 88.3 87.9 838.2 88.9 89.3 89.2 89.2 89.2 89.0 87.8 §8.1 88.5 87.8 88.4 88.3

19 Alicyclobacillus acidocaldarius DSM 446T 85.8 84.2 84.5 84.8 85.2 84.6 85.2 84.5 85.3 85.8 84.4 84.6 84.3 86.1 84.6 82.7 85.1 85.5
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Table 2. Morphological and physiological properties of the strain
CHSI

Characteristics Strain CHS1

Morphological
Gram stain +
Shape Rod
Motility +
Physiological
Catalase
Oxidase
Carbohydrates
amygdaline +
arabinose -
cellobiose -
esculine +
fructose +
galactose +
glucose +
lactose -
maltose +
mannitol -
mannose +
melezitose -
melibiose
raffinose
rhamnose -
ribose -
salicine +
sorbitol -
trehalose +

xylose —

Bt ool Axtol] s &8l TF CHS1L Bacillus sp.
CHS1 o2 H3qth

Hxfol 2ol M £

CHS19] %%/ A EE dolrr] &) ti=dA7]e] )
Fboll thA34719] CHS1S AFS &3 sl g} CHS1S A
2514 B WRFH chlorophyll a & ¥Iag An &3
koA BE 19A0) thgtol Bl3le] 20%hE chlorophyll
a 3ol ZAAFE BYT, FF 79H¢E iRl viste 0.4%
o2 748 B thFig. 3).

MEe| EXo| UxF 2ol 24
B 955 d5AA771A) vioksle ARE A9sta 55
H Mz BAE Aol e A gylindricadl AEFSI BallsE
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Fig. 3. Growth curves of A. cylindrica as measured by spectrophoto-
meter, showing response after additions of CHS1. [1, Negative control
without Bacillus sp. CHS1 inoculation; 4, Mixed culture of 4.
cylindria and Bacillus sp. CHS1.
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Fig. 4. Lytic activity of extracellular materials of Bacillus sp. CHSI
against 4. cylindrica. 4, Negative control without extracellular
materials inoculation; 4, Mixed culture of A. cylindria and
extracellular materials.

A B

Fig. 5. Zone of clearing around paper discs showing algicidal activity
in Anabaena cylindrica lawn. A, Extracellular material; B, D.W.

£4% Ao Fig. 49 2ol Ueith A2 848 HEHA
B2 dETH G5 HuAddE Axe E28 HJFT 4
oylindrica’} TIZ&7tol) Hlste] ge] 47} Br3hAl vehd 3
S FASATE. A. cylindrica lawn$]ol| paper discE F3L A3
B4 HE AN E 24 AlIZE Mol paper disc S Tz}
PAsle RS BFY & UJTKFig. 5). Bacillus sp.o] MEL
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28 FZH FoA 53], 4nabaenaS} MicrocystisE -3 8)1L,
Bacillus sp.7} ¥¥8hs H2F 23l AHE-2 isoamyl alcohol (3-
methyl-l-butanol) o] 2}aL & A UTh(17,26,27). B AtlA=
Bacillus sp. CHS10] o] EA-& ¥M|3}A 4. ¢ylindricas -3
Al obF] ]l HA (it 22y o] AR 2FE V)&
o S A Sirepromyces sp. (13)00 &lsiA BulsEe= Az £4
o ot A AA Flexibacter flexilis 20)3)A EBIEH=
lysozyme AlE-9] EA7F GEFO AEHE Ealjdhks Aol ofY
2@ @3] S AAl AFAW, Bacillus sp. CHSIS A
oylindrica®] AEES A3 Ao ZH F2Fol B &
=7 o Hrha gt

et B AT o]FE A& ool & Al T
Bacillus sp. CHS10] o8 E3-& FHlsld ojujst 7)2HE F5
A. cylindrica® B305}A] g AF7F M Eojol & Ro|h
oo} o] B Ao BT Racillus sp. CHS1 FZ79
3t Wshe A9 F Favt 1729 A e dx
Foll B35S 7HAe Al sl Bills A4S 53 ¢
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ABSTRACT : Isolation and Identification of Bacteria Lysing Anabaena cylindrica
Yup Hong"?, Kyu-Chul Shin'?, Min-Seong Kim'?, Myung-Soo Han"?’ and Yong-Keel
Choi'** ('Department of Life Science and “Environmental Science, *Hanyang University,
National Research Laboratory for Water Environmental & Restoration, Seoul 133-791, Korea)

To isolate the bacteria lysing cyanobacteria, the sediment samples were collected from Dochang and Pal'tang
Reservoir and Seokchon Lake. Each sample was smeared on the Anabaena cylindrica lawn and incubated in
light chamber for 11 days. Bacteria having cyanobacteria-lysing activity were isolated from the samples of
Seokchon reservoir. Confirmation of cyanobacteria-lysing activity was carried out to measure chlorophyll a and
bacterial cell counting in mixed culture of 4nabaena cylindrica and bacteria. Lysis was detected when extra-
cellular meterials was added to the Anabaena cylindrica culture. The isolate was identified by analysis based on
16S rDNA sequence and morphological and physiological properties. The bacterial strain was taxonomically
studied by the phylogenetic analysis based on 16S rDNA sequence. This strain was identified as a member of
the genus Bacillus and designated as Bacillus sp. CHSI.



