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W E. RS EE Microcystis aeruginosa) 3 4 RS H AR TAKRP L EH S & AIEF ik
s 3 8 R1 B (Lysinibacillus macroides) 8978 3t 45 M, i it chl-a M2 =4 XA HE K. LA FHE
WE BRBAE EHAEFHR HPLC 5 BHA FRTEEMR EEZD BRI REEFNR
W, HREV . BHRRI AHKRBHEEHME,10d A chl-a 48 MK 205. 11 mg/L % £ 35.61 mg/
LA FKR82.64%; RN ABERIERE % F.10 d A% Fi& 89.80% .5 chl-a RAE#) i 3 &
82. 64048 sR1 I B F B R L 1A o sk 6 JL N A & 3R K R . A b 4 F 4 R (Mr<<500 da) , B
Ay BROVE AOPE 5 92 6 B i EMMs 25 4 F 47 B F PARAFAC A # 5 2 7 E 327 € R 8K
M BB RKER Y ERERFHAREERECRRED R E LMY IO AW R EMNERE
VE M T 5 K B R BR (hydrophbic acid) ;i i HPLC 2 B # K, A R1I MR P Hh 118545 %
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Algicidal characteristics of algicidal bacteria R1

Dong Xiaona , Chen Zehui, Mao Lingiang , Wang Mingxin , Zhang Wenyi
(College of Environmental &. Safety Engineering, Changzhou University, Changzhou 213164, Jiangsu,P. R,China)

Abstract: Microcystis aeruginosawas used as the experimental subject to examine the algae-lysing
characteristics of algicidal bacteria R1 (Lysinibacillus macroides) ,which was isolated and purified from
Taihu fish innards, named Surf fish. The ability of algae-lysing, the degradation products, algae-lysing
mechanism and active algicidal substances were studied with the measurement of chlorophyll a and the three
dimensional fluorescence technology, the whole experimental process was carried out through high
temperature treatment, acid and alkali treatment, dialysis treatment and HPLC separation technique. The
results show that the strain R1 can remove Microcystis aeruginosa effectively. The contents of chl-a

decrease from 205. 11 mg/L to 35. 61 mg/L in 10 days, with degradation rate of 82. 64%. The degradation

W#s B #:2017-11-13
EETE :HEKARB S 157147 JLJR A m A B SRR A 0 5 00 H (16KIB610001) , Y135 48 B M i B £ 5 H
(BE2016653.CE20175009)
PEE B A /DR (1992-) , 2. 2 F IR BT TARK A BLATF 5T, E-mail: 170856287 @qq. com.
L GRIEEE) B L, 287 . E-mail: zwy@cczu. edu. cn
Received:2017-11-13
Foundation item: National Natural Science Foundation of China (No. 41571471), University Natural Science Research
Project in Jiangsu Province(No. 16KJB610001), Science and Technology Project of Jiangsu Province and
Changzhou City(No. BE2016653,No. CE20175009)
Author brief;Dong Xiaona(1992-), main research interests: water treatment and environmental engineering, (E-mail) :
170856287 (@qq. com.
Zhang Wenyi(corresponding author) , PhD, professor, (E-mail) :zwy@ cczu. edu. cn.



118 + REHR YL KB TE

% 40 %

rate is 89. 8% measured by 3-D flurescence technology in 10 d, which is similar to the result measured by

measuring Chlorophyll-a. The fluorescence spectrometric analysis shows that the tryptophan increases and

the humic acid decreases significantly. The main dissolved algal products are long-wave class tryptophan,

which are mainly intracellular substances. The soluble alga may be hydrophobic acid. The active algae-

lysing substances produced by R1 with molecular weight less than 500 da, are identified as bacteria

secretion, could resist acid and be promoted in alkaline conditions. Active substance was separated from R1

crude extract by HPLC,and a further identification was necessary to be processed.

Keywords: algicidal bacteria; microcystis aeruginosa; fluorescence spectrum; PARAFAC mode; algicidal

mechanism
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FHBENH | (GRS i ) M & i b 55 . X
BEHLHL B 5E BOR B 2, AR 22 03 B 5 O TR R
VSR W LB sl B2 A L SO0
BTHLEEAEN  ANTE 4y W9 W IR Cn s R R L B AR
ENE A7 N DR 0 I S N [ NS R Y < BV S R
BRI AN AR [R] 3 TE 7 8 1 W S50 20 B 2l Ak
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BEROR A5 B = 2 52 6005 A A V5 5 B i 7 9 5 ik
XoF RV AT AL B AR AL TR AL OB AT AL
FEF B T B Ak R1 Lysinibacillus macroides [#)

HBALEL I m s HPLC BoRWI2 B S U T A 5%
Y

1 RS

L1 ##
L1l B aH Aok . & G2 i
(Microcystis aeruginosa) W) B W B B} B i K &
H=WIEFE R

PR OB 5L+ DR T T TR £ P I C B 2 i 55D o
e 71 AR BEACR B R B RL B3R 2 d ),
HyRERE . R KA 1~2 mm. H @, LG %
ot Ot A KRR 2 R R A, N
PR T (&l 1), 28 A4 A 4K [ 16S rDNA J7 51 73
. H 5 Lysinibacillus macroides A1 0¥ & &, ik
99.50%

e .
= o ¥ \.4
- . ¥
»
- 0
.‘
‘s.‘
-
-

E1 RIE=ZRHE
Fig. 1 Grams stain of R1
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100 mL 4 &% fif 2 38 V5 W (W) 4R chl-a & & 4
205.11 mg/L),27 C JEWELL 12 h = 12 h A H F &%
FGREMTFNRERE 2~3 .5 2 d 7 chl-a
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IR G PO
7= (C.—C)/C. X100% (D
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o ) vt B U WG Ry o = R e S
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A USF, R BHE Ao, AL U,
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0.22 pm JERE) AL B 3 (121 C L, 20 min) ,
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1.2.5 mEERYRGmALE 55"

1) TR W A AL BT - 2 FP B AR R1 %2 500 mL ) LB
W 32 Kb, 30 C L 135 r/min, ¥ 5% 24 h; %
0. 45 um [ U I 2ok 0% 5 WSO TRTBOIE AL 4 A IR R
CBEHEAT A, 15 J1BE+E 30 min, J5#FE 2 h; 5
0.22 um (P8R U8 AR TR R 60 CRigRE 78k
WK R 4 CIR 1.

2)HPLC . 3 o ¥ AR €435 1) 25 i 22 7] RE M V7 e
YRR, % &8 0% F wonda sil C18 (4. 6 X
250 mm) s A ACHED : BAX%Z#O N 1+ 9,
Fr I UV200 nm,

3N EX LAY TR & A S Y
T — Bt [ 18 4 AR T, B 4l K
IR 24 FUAHEAT I SRR R 30 . XA I BT
4 A4 T L FE VR B HPLC e Ll i % L UG f

2 FHRS5WiE

B R1 HR RS

B RY TR 82 ] 2% 1 BE 7 BT (D 4 chla Dy
205. 11 mg/L) #E47 52 55, 3 2o A IR UL 25¢ 181 € 22 fk
B¢ chlra & 50 K 00 7 BEAICR WAl 2. SEk 4 d
JE o PIHRAT DL YR 5 9 A AR B AL LR chla 7 3 A
0,10 d J5 R A chl-a & &AL 35. 61 mg/L, &
fife 43K 82. 6420 5[] Ih WL %2 B 25 11 B 1T €0 T i A
Zx M E chl-a & i, NBI 45 205. 11 mg/L 3 K 5
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Fig. 3 Three-dimensional fluorescence of

algal and bacterium fluid
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D3R 1 B 5COFA R B O B
Wl KRR A T R B AL B R
5 DA BB RY TR T A A RO s T L
B TS HE P W B LA T AR AR B T A T
G B9 B A I LA T i A ) R S O Al 2
R .

DR 2 L 52 F L 20 AR AL E K R1
R A AT ARSI ) 9 O L A R B RO
TR AL B G BB T R R LA 2, SR
T DL 8 240 5 0 ) 0/ o e b e L B T
oIk SRR A » FL AT T R R B

3)%: 100,500.1 000 da BN EA 0 T 25
SRR W BT B R AR 3L A B AR )
5 55 P AR ¥ 100 da>>500 da>>1 000 da, H: A,
1000 dai % i PEARAR /0 T UL o 20 57 23 20 1) A 2850
B SNy TR 2 TR/ T 500 da.

F1 TEEFELEFXNBERRE I
Table 1 Effect of different gloop treatment methods

on algae-lysing efficiency (cell » mL™1)

mliab EOAURBE RO LW EIK

2.67X107 2,74X107 8.12X10° 1.16X 107 2, 55X 10° 9. 67X 10°

z B

®2 TR pHLEBEAXNBERROZW
Table 2 Effect of different pH disposal methods

on algae-lysing efficiency (cell » mL™1)
yE| pH 7 pH 4 pH 10
2.97X107 8.12X10° 9.86X10° 7.75X10°

®3 TEBBESFENBAEIREMN
Table 3 Effect of different molecular weight on

algae-lysing efficiency (cell » mL™1)
= H 100 500 1 000
2.56 X107 7.32X10° 1.32X107 1.95X107
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Fig. 5 The algae-lysing efficiency of R1 bacteria solution

by different treatment methods
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Fig. 6 Three-dimensional fluorescence spectra of algal mixture

iz [l PARAFAC #1125 5 EMMs [&] 3 X %
PRI = 4R D CHE B AT A AT L O 5 Bk 22 A el
Iy BT B B8 g3 B s U T R S AL A T
AR 2 AN, SR 475 nm/250~350 nm; 330
nm/220~270 nm. X W K2 @ IR A YL i
2 A3 B O B 1 R e B B WL TR 7
M AT UL L 2 A5 S o 1 30 K o 1 3 HLA 2

ANV VTN 1A 5 i 32 B2 1A BT K i 28 g 4 o
LA IRY) oy A s et # b K e R R 2k
Wy G g R . AR Gy Al I
BEANMIIE T 5 - L PN 0 400 e B A i 20 K i R T 3
TRAW D 2 0 Bl R 0 /b, AR 31 AL 24 T G
JEHL (i —COOH ., —OH Al #9A HLAL 45 9 45 I i1
500 PRl BE S A A AL T A ORI B S
Ho o3 ¥t B RR AR A 0TI BE SR /N J3 - 1 i K PR
F 2 (hydrophbic acid) .
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Fig.7 Fluorescence components identified by the PARAFAC

model and their excitation and emission wavelengths loading
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UL 22 T Ak BRGSO AR A% o R Bl sk 1R
Or G ZE S AR I L IR AT 24 FLAREAT I
BORK Y . HiA 1B BA W BACR, Win 9, K
TEWE 2 25 AF T A A 32 20, f) B[] 3 5 6. 005,
L5 OO 3 B 45 5 PO Ie i S A R T Bl

11.462 KW A T
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8 #HIZ Ay HPLC-200 nm 3 # &
Fig.8 HPLC-200 nm scan of crude extract
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FKPERRZE . | T HPLC 3 BACRAR, 70 B i b
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Fig.9 The HPLC-200 nm scan of the lytic active substance
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MKW 4 35 B0 N E b ik r R1
(Microcystis aeruginosa) N3 iR % 4,10 d Py chl-a
A M 205. 11 mg/L [ 35. 61 mg/L, 5 & &Kk
82.64% . kAL B R BIAL E | 3F BT AL B T B 2
R & 3k 7 WA i s Tk A9 I 2 1 26 ) o i 9 Js T )
e v, Hox Wy s BA T BR T ek, Ko RN T
500 da,

2) GG 1 RE 5 AR 1 (Y R AE Al £ S0 i 5 B Y
AR GG B B AR A B AR R R
AN/ 5w UL B A AN W IR L R AN T O
Ao [ Em 2 650 nm il i 9 63 A O KX
20 it 8 AT SE R AT .l 3 SO O R SR I AL
R TAEGERNELSBMEN AAEEE
SCo G I3 M 2 B BE T R ) 5 AT BE b i K
MR . W R KRB AR BR I B . o &
BRI . MR FLRr T HEN Y A AR TS
I PR 0 S5 B A L 2H 03 R i BT ENR S h . KDk
RRIE IR R I s G5 47 —COOH, — OH
S B HLALS YD 5500, el RE S A A AL T
A BRIy » R] BE g HE il i 7K P 2 FE R (hydrophbic
acid) ,

3) 5K I 1o 8% AR € 3% CHPLC) 3 K 43 25 42 4l fl
FEW AP 200 nm) L 73 BE5 RS W] N RT KL 3R
W o3 Y 1 U oV R TR R B AR B E AR
N I E] Ry 6 ~8 min ZE Ay, A G Dy o R 2R
Yy AH X T E 2D B S

( Lysinibacillusmacroides ) ,
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