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B E: EBOKEELREESERL, AR (Anabaena) KA H BT ALR T8 ( Microcystis ) /R4, Frp i) — 6 £

G5 P 2 1) — KR AN EE WP SR i i 43 M He A B AR AR R AE K 16S tDNA JES R HEAT 20 2t S 58 , 2K T I MR L 5%
AR 3 (Anabaena eucompacta) CHAB 1799 WIVE edkEtE. 45 E W Bk WP 5 Lysinibacillus fusiformis NRS-350 1) [) J54:
EFNT 99.6% i 4 E WP BT Lysinibacillus J&. Hkk WP %t B 5% 10 )L 3 CHAB 1799 % AL S AR F (4N T I (E 9 6 %
10° cfu/ml, Ho/A: TR AN £ U 535 000 73 St R, LR AR [ A A 0 P 8 TR 240 iR 5 5 P R A 3 2K Tl
VR, AVFTRA RS T VR SR A 0 5 , b v B B K AR PRAIL T 2 R SR

KRR TERANEE ; (O ; Lysinibacillus ; Y EERFE s K AR

Isolation and algicidal characteristics of one novel algicidal bacterium on Anabaena eu-
compacta
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Abstract: Occurrence of cyanobacterial blooms is becoming a global environmental issue. Next to Microcystis bloom, Anabaena
bloom is also the main bloom type with more diversity in production of cyanotoxins and odour substances, and removal of Anabaena
blooms is also much concerned. One strain encoded as WP with strong algicidal activity against Anabaena eucompacta CHAB 1799
was isolated from a soil environment in Wuhan city. The 16S rRNA gene sequence of the WP strain showed 99.6% similarity with
that of Lysinibacillus fusiformis NRS-350. Based on morphological, physiological and molecular phylogenetic features, algicidal bac-
terium WP was identified as Lysinibacillus sp. Its algicidal characteristics on A. eucompacta was also tested. Lysinibacillus sp. WP
lysed A. eucompacta CHAB 1799 at low cell density (6x10° cfu/ml) , and lysis effects of the Lysinibacillus sp. WP on A. eucom-
pacta were related to growth stages of A. eucompacta CHAB 1799 rather than the growth stages of the strain WP. The strain WP
lysed algae by secreting metabolites. Such results in the present study increase the resource bank of algicidal bacteria, providing
more potential to treat the new type blooms such as A. eucompacta dominated bloom in China.
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el FRIEAEAT Al it e S £ R (Anabaena ) 7K Hy BRUSS JSE ANHUBEAL U T 38 8 K A T 00 356 19
A B ZS R 5P (W03 E RS ORY IR ) BAT B i 1 A6k, 0 Liv 255038 11 4R £, & BUK )
RS 1) S 5 i TR B AR ) 8.4 T KM v IX A L 91 B 8, Je S 2 FOK B B de AR R T
P AR TR R K SR B, B T X K A e 1 A A 2 S HE A TR ST 2 A, T X AR [ K 1
FRO 2 S 5 HE AT BIF S . 0 4 5 12 2 ) T S0 T ok 2 Bk i K AR 2 3T 10 4 [l A TF 52 4 5
Z—. HRTHFTE R 2508 P T A AN B 075 e o i, o £ R T ) i K A A 4 £ I 5 (A, flos-aquae)
A A FH B A0 T 8 & B, AR 25 FRT 3 ( Bacillus cereus) 5 /NZEFIFT B (B. pumilus) ' 4 8 AT 1
J& ( Chryseobacterium ) "° 3 by 3% A~ e UL B4 €00 6 K AR AP 2 1) B 34 B0 T 2R A BIAG iR 2. B0 SE %% 10 i g
(A. eucompacta) =7~ WEAE 1999 AE1E HASWINA b 2 B £ 8 BERT Al 7 3SR 38 22 0% 40 K /N LA
T 5 ( heterocyst ) F1JEERE FF (akinete ) 437 B8 AN K A8 £ AT SR FA X 9. realE 22 28 1 i DL i
T U JE 1 g — 2 /N TR, T I R PP B S T B KA. 2015 4 S H TR A, iU VT IUIX 35 A 0 e 4
VLB S S K ot X I A 26 S L R A0 U IR 8 P B b R R — A MR TR
(EZNO1) J3 22 4 B0, R4S T AW i i IRk A 22 BRSO . AR S DA IHE S T SR AT B R 075 6, 0 it 38— e
L L VR A B R R, TR SE TR R B  TE A ALARAE ST HL R e B R AE , O L B R R LR
JIE % A. eucompacta CHAB 1799 HEATH MR, 72 FRAE 7 2K, 1B 75 J e A K R AE 2 e R AR A — 2
BB 2% , i RS /K AR LT R R 440k, o = A A o W

1 MR EAEE

1.1 &

L1 iR Ay R R A& Bk pfiid P B0 9% 0 IR 9 A, eucompacta CHAB 1799, SF V¥ B2 B /K 2
ARG T A e S R BRI . SR 25+ 1°C JEIAGREE J 30 pmol/ (m®+s) JEmEFMILL K 12 h:12 h
HY S T 3535

112 B3 BG4 R AR IR R2A B0 0™ W 3 3R CT 523 3 2 B E A
WRIEFREEIC T 2 W 3 ¢ BE IR 10 g NaCl 5 g 287K 1000 ml, pH 2y 7.2, [ {4 55 57 2 0] 75 S0 7 0 35 i
15~18 g.

1.2 Fik

121 AEAEH LS FRII0 g 5k B OGN HLIX 1 458, A 90 ml TR /K I = flF, iIn A JC
ISR, 7F 28°C (180 %% /min (Y48 THRY , 1 h 5488 TAE G B W8, TSR /K EAT 10 A5 000 B A A
HC107 107 107" B RE 100l VAT T2 Y7 28 R R4l , T 28°C 8 8 %5 9% 2 K, BREBUR R A5 9 B
it — 20 FIP AR 42 43 B3 Ak , SEAL 5 B4 At P H Il CRBR S R A7 1E — 80°C WA . V5 T4 11 P F 35k S P VAR A J
ki, PRIBCR ST RE TR IR B B RIS P R 3  #8H3 OD g, fETE 1.2~ 1.5 22 ], filf oA F % 4k
ARSI DL 5% A PRFR LS 0 T VR B B B AR PR R 1 RV AR B 3R s R B R AR
L1, 7 d Sl 43R a W8 T v iR .

1.2.2 B4k WP s F A e RNEAZRA Y 519 27 F(AGAGTTTGATCCTGGCTCAG) J 1492 R
(ACGGCTACCTTGTTACGACTT) X B #k WP % 16S tRNA J:[H k4T PCR §"14. PCR LA (20 wl) 3%
TSINGKE © Master Mix 10 pl, I Fl#a 1414 0.5 pul,ddH,0 8 wl, i DNA 1 wl. PCR 414 54k : 95°C Tids
£ 5 min, 35 MEA RV ALEE 95°C 454 30 s .55°C IR & 30 s F1 72°C LEM 50 s, )5 72°C ZEAf 5 min. PCR 724
gl Ak A TE R S HEA TN, DU 3R A A B e 2 R A A Xt 5 L i ad BLAST Hu, #5651 F Bioedit 7.1.3.0 ik
TN L 534, 3 F MEGA 7 47 R G0 K B B Fa .

1.2.3 Wk WP By 45 s S0 002 PRI RS TR BT SO0 RV, /Nl e 4 e sl 8838 b B i —
AS/NEER, B 2~3 min, R SRR I L VB AR A DAV 340 2% R 2538 43 DRI, 2.5% TR T 4°C [ 2~
4 h, 0.1 M BERRERZE v (pH=6.4~7.2) JEE0EAE S 3 WK, BHK 15 min g P B Mk B 1) £ BEV R (10% 30%
50% ,70% .80% F1 90% (v/v) ) MR AT FE S HEAT i Kk 4b 38, 45 7% 10 min, 100% £ B EEME K PR UC, 457K 10 ming
TR CBERBUT BERR SR (Sl BUTBE= 3211 DR 1:3) ARUCGHAT B 4, B 10 min, T FH 40T B &
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WU, A YK 10 min; ¥ % T4, 55 4 05 Rl S-4800 AU 47141 v, {2 ##45% ( Scanning Electron Microscope, SEM,
Hitachi 23] ) #7042

1.2.4 B4k WP Kl &yl 2 PRECRTERE THTEETCIE R2A FEFR B rh g REEIe. 7 RIE IR 5 W B IR T4
FEIHT e R2A BEFRSErh B HAT IR ODgy 4 0.04, 75 28°C, 180 %/ min Z5F T 1537, & IR, 1360t
BETHIE FE ODggp -

1.2.5 TR AEKE 28 B R R RN BUFHTI 0Dy, = 0.15) JFEI (0D, = 1.2) FiEH
(ODgpg 0 = 1.5) BT, 535 LA 5% PPRFLEL IR INE SRR, DL R2A Shas X IR, BESR45 00 00 1.1.1 77, 509 3
RIUREI 2 AR a WK,

1.2.6 [ £ K B M 3 7 AR OO A BENA, LU EE 59 B8 20 4b 45 i 0 o0 0 A2
FESARSER T, LA R2A J2s 0 BB BSR4 ) 1101745 B0 3 RBUREIN e U4 38 a e

1.2.7 B4k WP dyiE s 7 X O ERUS BH 0 & A 2 1R 5.0 (10000 g, 10 min) , E#E T 0.22 pum( Millipore )
PRV, FH 2 PR 2 P [ R 5 R R AGI - T VR AR B TR 5 4. AR5 0 S PR 1 BT, T 68 G PR
VAR R2A BEFRBEUE G 3 3 , S m SRR E B DL 5% MR L A s A R R B B b, L R2A
25 M IR BEFRAE DL 11179, 7 RGN ot 43R a YR THALR AR

2HR

2.1 Etk WP R SHHER A RT 2

IY ARG —MRANT , v %4 O WP TR Rk WP 152 P 4 1 R I (AP Al FCA T 7 S IR , R R0,
LT HGETY W AAEY KRB E, T, SRR, S PR G R R WP A 1
a FoR, HAA Rl L B s 1 b PR s bk WP 2 FRAPR, K2 1.3~ 1.7 pm, 9524 0.45~0.55 pum, 274k,
BRI R, #22 R @ BT, 2 DL 40 A 2 2.

Bl 1wk WP BB 2 R (a0t B I s b Rl LR IR

Fig.1 Morphological characteristics of the WP strain (a: Light microscope picture;b: SEM picture)

T 0 R I AN R 22 K SR A M (B (8] 2a) 5 RIVREERP IS 5 2 K, B2 R S AN
B AL 2, B2 g B AN I 22 (T8 2b) s 3R a0 4 K, BT R LB R B R Y i 22, R 2808 3740
o A28 (B 20) s 3ERNR 38 7 R P P R AR B, JL-F- G A B 4 B 0 8 3R 20 i, w] LB 50 F 1
SIS AR R A — R (F 2d).
22 ik WP IEZ R BN

TR R WP ) 16S rDNA J¥F1 4T PCR 744, 4843 T 1516 bp KB )5, il i BLAST LX) 234, 4 4
REREM (B 3), 5Hitk WP IR AL 2 L. fusiformis NRS-350 (| AF169537 ) , HAH{I A E] T99.6%.
IR G R EWRTLUE H, Lysinibacillus J& ST 5332, 43 F AW 452 R bk WP SRR T Lysinibacillus J&.
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P 2 WP TR BRI fife B 5K 0 R B 1 R
Ca: IATRFIHT ;b ARG 2 K e MARREER 4 Ksd: MARFEE 7 K)
Fig.2 A. eucompacta CHAB 1799 cells lysed by Lysinibacillus sp. WP
(a: A. eucompacia filaments before addition of the strain WP; b~d: A. eucompacia cells lysed after the treatment)

2.3 Btk WP fiE < g

AT WP A i e (B 4) 7T LB S A Bk WP 2R K50 3 AN BB« 450 1 (0~ 2 h) X408
(2~14 h) AFREW (14~28 h). 28 h ZJ5 , B4R WP HE A T-I0). 7 B 40 B 255 B 0 5 sl SR 7= A o S vk g
M, LA 14 T T 7 3 A ) — 2 (A A B P v S L o 80 A 0 0 A A QA e, R e
HA R AT % B, BE 01k 2 B ZR , BRI s g 1 R PR o A < A A 4
2.4 AEEKEHNABR B ERAZMm

AR A= o 40 1) 240 D X L SR A IR CHAB 1799 (VA SRR INIEL 5 R, BRI IR 4R a W
1.00+0.01 mg/L, 45 ) 6P BCHAFIRR E 0 00 BV 43 ) 5 e Bk B 3% O K JE, L4 38 a YR EE 43 1)K 0.66+
0.00.,0.57+0.00 F1 0.62+0.04 mg/L, % 540 70.72% +1.50% | 74.66% +1.34% Fl 72.57% +2.74% ,3
A Bt B ) T TR L S A S CHAB 1799 fif A= K37 72 A s B 4 i 4 .
2.5 A E KB H R R X AR R A0

PR WP S AN [ A= B 30 S 1) 5 B8CR DL I 6. 45 30 WP AR 2 0 S VR R 4 R a YR BE 43
F14 0.69+0.02,1.30+0.01 1 2.16+0.02 mg/L. HIRIERNGEE 3 K, X A BB AT 4R a W FIH, HEK
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Lysinibacillus sinduriensis BLB-1T(FJ169465)
Lysinibacillus chungkukjangi 2R1.3-2"(JX217747)
Lysinibacillus halotolerans LAM612T(KF443809)
Lysinibacillus composti NCCP-36"(AB547124)
Lysinibacillus alkaliphilus OMN17Y(KF771256)
Lysinibacillus massiliensis 4400831T(AY677116)
Lysinibacillus manganicus Mn1-7"(JX993821)
£ Lysinibacillus acetophenoni JC23"(FN179488)
Lysinibacillus odysseyi 34hs1"(AF526913)
79 Lysinibacillus meyeri WS 4626"(HE577173)
Lysinibacillus pakistanensis NCCP-54T(AB558495)

100

Lysinibacillus boronitolerans 10a’(AB199591)
Lysinibacillus contaminans FSt3AT(KC254732)
99 1 Lysinibacillus sp. WP(MG571617)

Lysinibacillus fusiformis NRS-350"(AF169537)
Lysinibacillus sphaericus B-23268"(AF169495)
Lysinibacillus varians GY32"(JN860068)

72

99

100—— Bacillus licheniformis DSM 137(X68416)
L Bacillus subtilis NCDO 17697(X60646)

Virgibacillus necropolis LMG 19488T(AJ315056)

_87'7 Halobacillus halophilus NCIMB 92517(X62174)
100 Marinococcus albus DSM 20748T(X90834)

98
Thalassobacillus devorans G-19.17(AJ717299)
94 Amphibacillus xylanus JCM73617(D82065)
91 _‘ Gracilibacillus halotolerans NNT(AF036922)
70 Paraliobacillus quinghaiensis YIM C158T(EU135728)
0.0100

Kl 3 2w WP IR G T
Fig.3 The NJ phylogentic tree based on 16S rDNA sequences including the WP strain and related strains

WA CHAB 1799 A= K IEH i 2 OB S 5 2 IR

34 FIE L CHAB 1799 7 K S, ZEHERRSS 6 2 BrEl | T
I AR a WREERIZU T3] 0.20+0.03 mg/L. X551 Lk
], X FOWR g A R A T 5 R a WREILF 2
LR T R AR S A 15 KRR a ke F osf
JE43 R R ) 0.08+0.02 A1 0.31+0.05 me/L, %seak 200 © o6l
K] 96.78% +0.88% 1 88.26% +1.91%. 04f
2.6 Bk WP R EAR 02 /

IEEFRAHE T K, LIS AR AL A AR R a UK T s o 5 5 s
JE 43314 0.71£0.04 ,0.62+0.00 F10.59+0.05 mg/L, 7 #ACE -
AR5 70.15% +1.72% . 73.64% +0.08% F1 75.21% +2.00% , 4 T WP 2 K 2

A TR A s T A A T A x
A RS AR SR (F 7). Fig.4 Growth curve of Lysinibacillus sp. WP
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—a— (SN R —o— (5 4
250 3on A FEOS IR —a— RO 2H
—=—R2A V[ e REMI AL —o— TR
—o— {5 Y]
201 —a— ¥
) —v—RuE N =
2 15 E;
2 1 .
0.5
0 Y 4 6 s 10
Hif [ /d fifal/d
Bl S AN A R IHIT R T bR WP X L5 Pl 6 Ttk WP XA ] A= K i
IR CHAB 1799 H SRR BEWR AT AR
Fig.5 The algicidal effects of different growth stages Fig.6 The algicidal effects of the WP strain on
of WP strain on A. eucompacta CHAB 1799 A. eucompacta CHAB 1799 at different growth stages
25¢ > 3 iig
.
208 % IO R 280 T T 2 o K AR — R R I Al R 11y
E‘D sl % AW D5 v T EEK AR R BRI AR —. T
s % ARHELE UK AP RS UBEVE RIS, o
i‘ﬁi 1.0F % TIPSR P 7 Tl 0 TV B TR ) 0 25 T 1 R o R 1 7
= osl % 7/ 7 T, DHORET X o IR K AR Y. LE R 2R AR 1
| % / / % D B T ) A1 T 5
- - 8K S H LR ATALBEAT D KR35 S 2

0 yee o e e
FOVIRIE R s S M 2RSS, LA T
@;Bigfgﬁf‘fﬁiﬁfﬁg i'ﬁ% UK L S S I K A8 T S 0K 0 %
Fig.7 'I;e algicidal effects of ch-f:ee filtrate FF BRI AR S 2K 5 PRI SR e
) 0 e KA BN AR MU E . £ K A B B
washed cells and culture of the WP strain o i
o CHIAD 1199 LI 75 5 OB A R SRR, 45 ARG
ANTRI R 0l K AR IR B RCR AR AN R A WF 5 TR
ST Ml X B4 3 T 7 15— R AR IR e 0 B IR Y TR R WP, 25 SRS R0 7 A W2 08, 0 E 1T
WRJB T Lysinibacillus , J2 8 % [ FIRE T 1726 =408 I BRDUAR W23 159 51 — b T A 1L S8 402 19 S 3 4T
BB Y Acinetobacter sp. A0 iZ B % [CBAPE . 2007 42 Ahmed a3 yg Lysinibacillus J& & M\ 2 0T
& Bacillus WOl Sz R SL T —ASBTJR. 9K Lysinibacillus J& 40 07 86 75 18 AR 8 22 S v e [ Py, A1 L
TBAT . 2% 2 A R T K SRR X A B A MRS R L. fusiformis DC-14, 2E153% 4 K50
SRS 905 B IR 82.1% , Hofth 27385t 53 351 DA B A 9 fol e B WA /N A2 vh 23 B 31 L. fusiforma A
T T e, 15K 446 TR e ) 3 L AT SR PO i Pt i g 0 1 ) T B3 T MR IR T 75 K A SR R IX S 3K
F—PRIEBER L. fustformis HS , XFREBE TP E BB M0 A B — 5 UM HRIBOR . RIS E a8 T Lysiniba-
cillus Ja8 FR) A TR X £ RS PO A R I 0, A1 S e SR R L B R 9, R W Lysinibacillus J& 20 T BAT ) 1
FBESIA AR RE ST TR I A v LM S R /K AR BRI T R i PR BRI AR, 5 1 A A T B R
TSGR LSRR BETA Lysinibacillus sp. WP X B85 A0 I3 CHAB 1799 & A Vi 3/ FH V0 40 14 1
{E4 6x107 cfu/ml, I T 5% T EHGH AR " WTLUE th WP R — BRI . R
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R CHAB 1799 (1A JIUIRZS KA i He vk B 2 52 a3 SRR I B2 R 38, R AR WP (AR BRS LA
S HERE ). X5 Kang 25" f4RH — B0

VAN VR 7 S0 I — Pl e B, TR VA B R A A B 7 A VAR .
Jung Z553 B B —MRIE B Y A Pseudomonas fluorescens HYKO0210-SKO09 , 122 B A %) 1k 52 40 I 3 47 B 422 il , HO
ST A R TN PR AR, ELH B A SR P SR ™ 5 53— R ) P e, S T 2o 3V TR S
PTG VEY) s B30 28 AR K B RFEWER 1Y B 9. REZBOR W VR 7 U8 TR BE. AR SCRY R I
YT WP, LA IR BV O A SR UV VR . & RS ) VS SR WP, AT
BORRYEEAEST , DL R WP 200 T —SE IS i BTG P o, 5 B B T e e i, B AR TR AR
FH L Z AR I 7 2O R A . TR i R2A S5 IRIE0RTA 3 8, W B VR R A & FLARH =9, (B T
PRAT X EUE IR 8 CHAB 1799 A B8R AV BEAUR , XA S5 R X T2 & R MY Lysinibacillus J& 1)V #
B, IXFTRE R BB WP 5 CHAB 1799 FLREFRI, GRS ML) I e 35 95 B al e SR A 7 M P b U R0
A RCBEHH, BT 7 A5 T BT P 0 5 0 S OF , K B R B A Y Y.V BT M B P RN 2 00 L
WAL A T E— 5T

R 200 T 1) 22 P 7 0 0 7 PR A A ) W 380 10 200 T , J i o Bl 2 0 PR K R i E R B AR A
W1 6 5] — R B A A SO K A8 i —— EC R 5 M0 IR BE AN T8 Lysinibacillus sp. WP , 38 3o BFF % LV B84
P, Sk Ao B R K AR I N 2 IR SR ER A T IS FE R ST

4 gt

1) fis A ML E R aRENHK WP, RIBES ARG FRELEE, ZHKE T
Lysinibacillus J& , 32 14 UCARE 1 VA it IR B 1K) Lysinibacillus J& 40 .

2) Lysinibacillus sp. WP X % %540 )3 CHAB 1799 7= 2B s i AE 4 T 25 B A 6 % 10° cfu/ml,
TR I A R BT IR S8R T LT B8 S, JHCX AR ) A= B ) ) L SR 23 £ I 8 CHAB 1799 H45 #5058 ) ¥4
BAER, BAER 5 =X Ta) e .
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