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Influence of Bacillus laterosporus on Microcystis aeruginosa Growth
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Abstract : Interactions of algae and algae—inhibiting bacteria often control the stability of aquatic ecosystems. In this study the influence of
Bacillus laterosporus SK—1 on the growth of Microcystis aeruginosa was examined under different initial biomass and at different growing
periods. Concentrations of inorganic nitrogen(NO; =N, NO; =N, NHi=N) in the system were also monitored. A growth media with 250:10:1

of C:N:P ratio obtained by adding glucose and ammonia nitrogen to eutrophic water was used to grow Bacillus laterosporus and Microcystis

aeruginosa. The bacteria had different stresses on the growth of Microcystis aeruginosa at different growth stages. The strain SK-1 at its sta—
ble stage had the greatest inhibitory effect on Microcystis aeruginosa of early growth stages. The more the initial SK—1 amount, the greater al—
gae—inhibiting effect. The strain SK-1 inhibited the growth of Microcystis aeruginosa mainly through competing nutrients and secreting ex—
tracellular algae—inhibiting substances. The relative proportion of these two processes were different at different growth stages of algae and
bacteria. The results suggest that bacteria should be inoculated prior to algae outbreak to best control algae ecologically.
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aeruginosa) AHFFEXT G, WFFEAL FAS R A K O[]
WA A 3R R R o b B B TR A LA
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Hy b [ R 2% BE K AR A W Bt 5 O R O G 0
(FACHB)ffit, Bamh ) i ih A B] 1:2 (9 Lo flsedh T
KR BG1T 7 L0 T 28 °C OB GR B
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T ERE Y RIS B R ERRYG 3~4 K, LA 1k
SRS B TRRE I BEARETHECR A 0.1 mL PRI AE
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15%UL b, WIHEA 755 = i3k, BOH A AN B0 i R
AP E A Ry e 2 A
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1.2 B 5iLH

BT A A « ZHTH B0 S W TAE & UV -
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SS-325 iy He K i v , BCD-318WS L 1 yK 4 , QHZ~
98B 4= Vi Bt B3R 1 45 554 METTLER AL204 Hi ¥
SRR, SIGMA 2-16K IRIRE 7R 2 0L, GL-22 MS
AR E O, XW-80A el TRA L4

JIT AR SR A B R R A RS AR AN Mk
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K, L Z WA P s i R
T MR — o B (S R S BB AR AR K B R A
5o 25 HE RN 25 AT B A 2 e v A K I AR 1)
LIRS TR RUIE, TR A P 3 34 AT 78 B K 5 A
££, RT3 3 DR A K s Sk ik , DL AR TR SR
SEPHAE JE SR IR HE BRI R DA A
FRAb TR M IE ) 75K (K BT CODy, K 17.75 mg- L7,
TN & 1.6 mg+ L™ TP 2} 0.30 mg- L™ NH;-N 0.70 mg-
L7,NO;-N 0.15 mg-L™",NO;-N 0.10 mg -L,pH {H
7.55 A FREE K A Ak (4 55 F M AE 15 97 s B4 pHL (L
I FEITE 7.2~8.0 [1], B5 55 I AE 7.2~7.8 [i], X35
PRAE R B TG S P 22 5 ) ARG, 38 XY VS 0 2
PEFITCHLA, s FR AL C:N:P A3 AL EL 43901 R
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PP KW R A TR Y .
1.3.1 EEREMIE

FETE BGI1 3555 e v 35 37 28 6 B3O 1 4 4 k4
PP, F 30% 1Y HBHEER TE N T 50% iR G
HIEREFRILTTN BG11 B derp i3 2000 . A
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W 2 1E A A ZF AT R & A, 2R T 100 mL
WA 7R FRET, F 30 °C. 150 r-min™ AR RS
FEH R TR 20 h BERGEW . $2 1% RN L BLK B R
AT 50% 45 BHE RS IR A R Rk MR 2%
PFRH% 20 h, FRRAE 1909 BRI 45 1%
BB SR IL T, AHIR S5 F 5557 20 h, 10 000 r+min™
B0 10 min 25 B3, R /K s A 3 Wk, 8505
AR T 4 CORFITRAF R
1.3.2 fiu e ZEF60FF PR AR 2 o 3 i A s B i i A=
K ihzk

V2R YIAL A6 25 AT PR PR 19619 B 4G B2
FHA 300 mL A B KR IL R = M, F 30
°C. 150 r-min™ MIFEIRPIEFE, B0 2 h BUE—Ik, LA
e T TR 1) B T 5 R S M s Tt R ok
FETHIAE 600 nm Ak PR SE SRR OGIE (ODgy ) o LA
Re TR AR G A AR bR i A i 2R o 1014 3 A4
AT

KLY B LRI e BB TR 10% 0 LLBIHEFD T
BeA 300 mL A SRR AL A, BT 28
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LA FEILR R a6 A K B M ZEF0F B s Ehd 1
SOV £ A T 1) Pl 2 R ]

WA 2 DI 15 I 1 0 i A ] o o 0 R R A
LTS INE A Bl Heam K R b ) 4R 1) 35 200 B 2%
£k 2.8x10° cells - mL™", REfU2E da A= K 0 AFREUE K
A (6.0x10° cells - mL™ ) BsJ, 431G AN [] B 110 0] 92
TETRAF IR R AR T S BRI b (S SR P I R
AT IR 10° 8¢ 10° CFU-mL™ B0t g, G LIS 5L i
A T e A TR B R, T 2R B A A
I B IE RO 10°,10° CFU - mL™ 020 14 2574
BRI BIFRIC R A—1 41H1 A=2 41, &ikie kb
PEERFE 10 d, B0 2 d SRAE—IK, 43 50 e B5 52 3
FhICHLA(NO; =N \NO; =N NH; =N ) 55 12 K 86
AW AR 3 AT, S5 R BCHAE M AR
B, AR A PR PR IAT ] 5 FR AR S
DA 27 FRl0 0 T8 55 S VR0 RI VI 6 23 P00 PR 14 i 35 77 VR A
SR X B, 430025 2 5 R T ) A R O, B A

HORA 0.1 mL IF AR Y THECELE 1040 15 B T
HEA T, BRVE TR IR B A T T RIGAM, i
PRI A KA 2R L IL B b AR ) 20 ) T e
P I S R o /A W (Il

R=(C—C,)x100%/C,

o, Co S %k BEZH sl 0 R H2 0 B 1 200 Jif 235 %, C.
SR FE AN I (R B A AN B 2 . AR R A DL H R
HHRNZR T 2250871, P<0.05 A i 2, P<0.01 S i 2.
1.4.2 FEILR R 46 A K B MR ZEF0FF B8 6 00 6 A 1
ST E SIS ER A

A P 2 o 2 3 LA R A 2 R AT 1T 1Y
SRR IR AT B0 WO TR AR R A TRl Bh s i 22
B HGE BRI B AR B AR 40 F A K
HH () 4 e 240 Y0 %% 5 R 2.8x10° cells »mL™, 3 TR 2049
B 105,10 CFU-mL™) . 435 %L 10°.10° CFU - mL™!
B G 2F AT BRI 2 40 AR IE o B-1 41 ,B-2
o I kA 1.4.1,

1.4.3 FEFL 5T Ak T A RS S A N 25 AR T X )
TG AR AR S R B 1 i S i

FE DI R A6 ZF ST BT R 19 1) L A2 Rl
FHEHE IR EL T, T 30 °C 150 romin™ BIR T HEFR
FErP R B B (PR A% 107 CFU-mL™), B
T RS 0 ) e 1 75 Lo b (LB et ) 4
N 2.8x10° cells-mL™) , IZIRIRL1 R C 4, K
A 1.4.1,
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2.1 BEEHEEFEROEFERAK

Vo AT B 1901 AR 21 25 FICAS [7] o e 0B
UG i 3 3 B, T 30 °C 150 romin™ 32 K855
ZRaE M RIS AT 1090 AR T RIRER &
S, BT 28 °C OGREIRFF 2000~2500 1x
e I 12 he12 h fFE IR IR B 3R A R B K
Begr BRaE ), e od B R Ry G R LR 1,

% 1 45 B8 78 NO;-N NO;-N Fll NH;-N 3 Fif
TCHUREIE T, 76 2 AT P R o 0 e 4 R A -
FAR TCHLEE A 2 AL, AP R G F AR
B AR . MREFRIL ) C:N:P $2ir 250:10:1
i, BB A0 P A 260 A AR 5 R 200 mg - L7 B, A 25
FEUFF A VAR SR T 3 8 S /S 1 R ) A S A T 24
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Table 1 Selection of media used for both Bacillus laterosporus and Microcystis aeruginosa
1 A , o ety e o - o
REER CNPIERIE %M?Zimg'l‘l NON ff‘f/ uﬁiﬁ@” ! @imﬁfﬁfﬁ)ﬁﬁi%ﬁ
76 2T B 50:10:1 2.0 0.10 0.15 0.29 40 0.167
0.7 2.0 0.15 0.29 40 0.012
0.7 0.10 2.0 0.29 40 0.029
250:10:1 2.0 0.10 0.15 0.29 200 0.205
0.7 2.0 0.15 0.29 200 0.015
0.7 0.10 2.0 0.29 200 0.030
1000:10:1 2.0 0.10 0.15 0.29 800 0.192
0.7 2.0 0.15 0.29 800 0.013
0.7 0.10 2.0 0.29 800 0.035
Ml et 50:10:1 2.0 0.10 0.15 0.29 40 8.5
0.7 2.0 0.15 0.29 40 2.8
0.7 0.10 2.0 0.29 40 6.5
250:10:1 2.0 0.10 0.15 0.29 200 12.3
0.7 2.0 0.15 0.29 200 2.9
0.7 0.10 2.0 0.29 200 6.8
1000:10:1 2.0 0.10 0.15 0.29 800 11.8
0.7 2.0 0.15 0.29 800 3.0
0.7 0.10 2.0 0.29 800 7.1

T R PR L. TR

PR J7 Ay

W E LIRS A 3R 5 K (K

MBS FRIL ST, S AR A, A S R PR AR B

J&i CODy, K 17.75 mg- L™, TN 41.6 mg-L™ TP 4 0.30
mg- L7 NH;-N 0.70 mg-L.",NO;-N 0.15 mg- L. ,NO;-N
0.10 mg- L™, pH {8 7.5) , ¥ 4 28 4 RN 2 L, (15 77
FE T TP A AR 2 A R 2R B IR 200 mg - L il 2.0
mg- L, 5535 3L 0 19 C:N:P BBl el 250:10:1,

22 MAFAFRFEEHNERELSEFERS
B < B 2%

W2 WAL AN ZF AT TR TR 1970 LA
THE47 300 mL & S B g2 5L ) = i, T
30 °C, 150 r-min™ FOFE RS 35, B0 2 h BURE—k , H:
ARNEOANE 1a Bror. K La 0] 0L, A6 25 AT B
TERTG U IS R SR e AR R R, T A
TE 0~2 h N, 2 h JG FRUREE AT BRI, LR A B 5k
LERRBUE N, A K E 14 h kAR E D] RIHE B
IR IS B 2R AT P AR K

W 22 9 00 2% T 8 B VR 1090 11 L 5] 422 7l
THEA7 300 mL G S B SR 58 ) — M b, &
T 28 °C JERETREE 2000~2500 Ix GG EIA 12 hel2
h R IR B R4 Th BRI B R ERTHR Y
3~4 R BERR 2 d B —k, HAE RSB ANEL 1 B
I b WL, A2 e et B AR 4 i 35 1 75 B A A

KM, SUB AN B PR EO N, 204822 18 d J kA
2.3 MAZFAFENE MREMERERKER

2.3.1 LRI AG A= 4 A INF6 ZE A AT TR XS Bl
S o A T 1 P 20 )

FEIL T v s A 96 ZF A P XS B K
SR S G S e LI 20 ANl 2a BIR AN
TN ZEFELFF B A6 BRZH L B0 4R R B O 6x10°
cells.mL™, Ffif5 gk, =ik 8 d ik
1.1x10° cells*mL", WA AT A-1 . A-2 20, HpE
KK B EZIR . A-1 AR A2 2~6 d FEANH
RV BT B, SPGB AR TR T
9.00% ~12.17% , 5%t BB M e F T 29.36% ~
42.20% , 5 KT BRI RS 5 5 2 d, 2IRI0EE
8 d A A i hn,10 d i % &t A A 4 R 41 1
75.47%; 1 A2 RIS a2 iy A fb a4 A-1 41
AHARL (H B A A SZ MR R R A A-1 A 3% i
s 2 d BRI 3.8%10° cells-mL™, ) h4 5
KA 63.3%, FIET 36.7%, 185 6 d S50 4R HH
TFET 6.3%, [FIFERESS 8 d J5A Frkghn, 10 d B4
HONXTHEALY 72.38%
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Figure 1 Growth curves of Bacillus laterosporus SK-1 and
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Figure 2 Microcystis aeruginosa at exponential growth stage

affected by Bacillus laterosporus at early growth stage
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HE2H 10d, WKTERC 55K 3] 79.44% Fi
68.89%. IR, YIS Rk ARKE -2
By BeJE PR, SR AR K 2z 204l A
XTI 5 A 11 A A2 A R P R —

2.3.2 JLIL R R A K A M6 ZE R PR 4R A 1
SIS SRS ER A

LI T ) i A A P96 ZF AT B iR A
F14) i) £ ol 20 P i S DL ] 3.

H &l 3a.[& 3b AT LUE H B 4P OR R R TR Y
ZEFRAT RO S R A K A DL A B B B AR K
#5230 A HEREA—B, TR R B 2
AN ER AR AL SERR IS T AR AL, (E SN i ¢
BEAT = FHIRECR, 50 A EL , S A0 B s
2. IS 6 d B B 4L A0 BRI AE R T A ARG,
IR WIGRE Y 53.69%F1 57.54%, T T 46.31%F
42.46% , ST RAAAH L T B T 74.88%F1 73.07% T
BB 10 d B B-1 ZH 3 40 it R 000 4f s 1) 88.0% ,B-2
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Figure 3 Microcystis aeruginosa at early growth stage affected by

Bacillus laterosporus at early growth stage
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2.3.3 JEBLJT A A T AR AR S 6 ZF A R X A
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L 5 b A AR S R 00 9 2 F AT T X
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R RO = TR B o 1000 2 d N SEd i
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73.49%~81.50%, TE A .B.C 3 AN/ [A) 4 b 38 20 v £
15 S ARAL TR JH ) 2R BT R A T S G b 0 o] 4k
T AR A B i 1) 1R 3 5 T 1 4b B
HH MBI ZH e B e fa e, 4E4F7E 2x10' CFU-mL™ |
T, 550 BERZH A 15 D s — 5, A5 B B R 5 0 B
ZHAH FLAL R % 2.78%~10.90%

10

8_

(@)
T

BN EEx10° cells - mL™
o ~

2501

200¢ M&g
150F

100F

50r

AN 35 BEx10° CFU - mL™!

0 2 4 6 8 10
t/h
- S O XA
B 4 HEFP A RISE M SF A B X058 4 K8
SRR IR BB R0
Figure 4 The stress effects of Microcystis aeruginosa at early

growth period with Bacillus laterosporus at stable phase
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Table 2 Changes of inorganic nitrogen concentrations

in different treatments

ENELGEE
C  AfHETE AgEE T
NH:-N 0 206 206 236 239 232 2.32 2.39
2 269 286 247 276 336 3.36 1.26
6 131 147 224 240 290 2.90 0.74
10 043 089 1.68 190 2.08 2.03 0.33
NO;-N 0 0.12 0.12 0.10 0.10 0.10 0.10 0.10
0.10 0.09 0.09 0.09 0.12 0.10 0.12
6 0.10 0.08 0.08 0.08 0.10 0.09 0.11
10 0.09 0.06 0.08 0.07 0.09 0.06 0.11
NO;-N 0 0.14 0.14 0.15 0.15 0.15 0.15 0.15
2 013 013 0.15 0.15 0.14 0.13 0.14
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