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SE VR B () R P T R 2 9 R MCLR, I B s 1k &R O
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SR o SE INHURE , BE A4S 15230 x g 8540 15 min, X
3E W AE HPLC |0 MCALR H5% B & o
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Fig. 1  Morphology of strain M6 under microscope (100 x ) .
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Vb AR O 2 TGP A 4 AT IR, B EIR . AR
SCHR 22 - 231 A7) 1 8 bR M6 IR 2F AT
(Bacillus cereus) « 2 PCR ¥ 3 J5, & k& M6 1 16S
rRNA J Bt K %y 1408bp, 2 BLAST Lt %} & Bl i% 14 4k
E5 iR 25 o AT B (Bacillus cereus) 5 99% ) [7) P54

7F GenBank 133 M5 4 IN717163 . 1 JTl MEGAS
BAHWERZTREM, &R WK 2 fim. 46 ES
SREAE AT BLAST L6643 75 B B 0k M6 %5 5y i IR
MK B (Bacillus cereus) » 3% 5 /42 B AR Ak 56 5 45
HH— 2.

Sporosarcina sp. GRT2 (JF778708)

98
39 Planococcus sp. PINA8 (HM352391)

25 |~———— Caryophanon sp. MSCB-16 (EF103213)

32
0.01

98

92

100 | Bacillus cereus (JF784019)
M6 (IN717163)
Bacillus subtilis (HQ536001)
Virgibacillus sp. S79-2 (EU868856)

{——Halobacillus Sp. S30-2 (EU868846)

Gracilibacillus saliphilus (HM854273)
Salinicoccus sp. rsk2 (HQ258885)

Lactobacillus sp. SCA39 (AB602938)
Aerococcus viridans (JF496382)

96 Brevibacillus sp. HL-21 (JF734326)

Paenibacillus sp. PrLBS (HM352396)

Sulfobacillus thermotolerans (JF510470)

100 |
|

Sphingomonas sp. HAMCS (HM352382)

Erythrobacter sp. CAR-8051 (EU981822)

B2 E# M6 B 16S rRNA R4tk § it

Fig.2  Phylogenetic tree of strain M6 based on 16S rRNA sequence. Numbers in parentheses reprensent the sequences’

accession number in GenBank. The number at each branch points is the percentage supported by bootstrap. Bar, 0. 01

sequence divergence.

2.2 E ¥k M6 [&fZ MC-LR A9 40 B4 &R 5K 38 7€ fiL

W R M6 A i A1 B2 B 6 MCLR (1) B il 2%
R 1 Pros. Mo By A o) By 20 3 56 o
MCALR ()5 & A2 R 50 1 F b L7 22 48 i il Py
FEIPIRT MCLR ) B fige 0 JF 55 W 52,8 h 5 MCLR
() B i 2R T IR 31 95. 3% o bl I T 3 BT 1R KR M6 [ iR
MC-LR 38 1 4 J52 2 6 P9 490 J52» T D 470 i 4 6 AR
X MCLR %A B fidAE H

F1 FEHk M6 f2 A fESMEER X MC-LR RYFERER

Table 1  Degradation rate of MC-LR by intracellular and

extracellular extracts of strain M6

Initial concention of  Final contention of Degradation

Trea
reatment MCAR/ (mg/L) MC-LR/(mg/L)  rate/%

30 min, 4R J5 % £ H X MCLR [ B i s R . 10 i
HPLC A5l A& BL (32 2) » 4 M 4 4 B 28 3906 7K i
PG LT AR MCAR, 3X — L% i W % % MC—
LR (1% JH0 P9 35 1 4 J52 72 AN T #00R o 17 A TR A4 7 A2 1
WY AN DNAVHEAE B R K2 H &
(B HERg) , S0 DNA R4 2R 2 — A B fiE ik
B fift e 0 DR I ] DA WD 20 #ff 5 B AR M6 [ fi MCLR
1) 10 N 490 5 AT i 2 1 2, i ik B R ) SDSPAGE Hy
VK34 T LAER A SRS AT K g IR A R
F2 ZKBMAFOERRIYI MCLR §fEHE
Table 2 Degradation rate of MC-LR by intracellular

extracts after heating in boiled water

intracellular extracts 15.0 0.7 95.3
extracellular extracts 15.0 14.7 2.0
blank control 15.0 14.8 1.3

2.3 [EfE MC-LR By E & M6 B2 A4 B9 TE 1%
T RE 2 W B R MCALR ) iR 9 9 o )
JT> R B AR M6 L A 4 J5T i BB H oK i 8 K T A

; Initial concention of  Final contention of Degradation
Treatment

MC-R (mg/L) MC-LR (mg/L) rate (%)
intracellular extracts 15.0 0.7 95. 3
intracellular extracts
after heating in boiled 15.0 14.5 3.3%
water
blank control 15.0 14.8 1.3%
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2.4 HEHR M6 B E MY R A B KD

FETR PR M6 1) 85 7% o B2 p, 42 U R 3 5
Fr 1T 5 IR A ) A L A 4 B M P B E A ) A
k. 3 ATA S S TR IR I AR A L
HFE M6 22 MCALR i 3 15 9% )5 (0 8 (1 4% i A 0%
A WIHAAEE LR RAE I E A
3 P EE A4 B M, B IX 3 R R B R A
T, U A FE AR C R AR A RNy
M. Hrph A A= AT 97 kDa, B 14y
THEA T 66.3 -97 kDa Z [i], C & 14 T &8/
AF 31 -43 kDa 2 [i] .

kDa
—97
— 663

— 31

B3 RSREFSEFINEEK M6 2R ERQA SDS-
PAGE Mk 45 R
Fig.3 SDS-PAGE analysis of strain M6 before and after induction

cultivation by microcystings. 1. Before induction; 2. After

induction; M. Marker.

2.5 FINE#k M6 i A #8 B iR P& 2 MCLR 89 F
E

2.5.1 pH AW L& K B2 S B A& & b MCLR
] 4 v % (15.0 mg/L) Ay L G 9 00 ok B2
(404.9 mg/L) A7, 43 5l K B 42 J WAk & (1) pH {H
P4 5.0.6.0.7.0.8.0 F1 9.0, %8I 5 pH (X}
W M6 i N R v B i MCLR (52 M. AN 4
AT LA S AR R B pH R DG R R g MC-LR
R RAT W B 5w, MCLR 7 pH {5 7.0 3] 9.0 2
(1) PR 538 i 280 % 35 v » 5 0 2 A pH8. O If MCLR 1)
B R de i 8 h I Uik 31 85.5% « fh gt ml WL, B4
Bk M6 I Py K B 0 BE A MCLR ) f3& pH 8 NV N
8.0,

2.5.2 Py L T VR0 UA B2 1 5 ) < R REL T 0O R T
MC-LR BRI in & 5 fros. B fe & M 44

——pH 5
—=—pH6
——pH7
80 F —e—pH 8
—*—pH 9

100

60

40 +

Degradation rate/%

20+

4 8 12 16 20 24
t/h

4 pHEXRHNHEIEKERE MCLR M&

i

Fig. 4  Effect of pH on degradation of MCALR by

intracellular extracts.

Z I pH % 8.0, MCLR ¥ 4h ¥ FE k15 mg/L.
HI B S ) WL MCALR (1 B8 fifp % 8 . P KL I8 980 3k 1)
bR DNITITE: NERTTIEN 5 Bt R iy I
i A R I8 0k 5 3 K 3] 404. 9 mg/L i, MCLR 7
6 hN I 2 bR #1551 88. 4% ,8 h If MCLR JLF 584
Bee iR o 1224 i Py REL I VR0 R T 4% 28 185 K 3809, 8 mg /L
I, MCLR (¥ B i 2 5 8 g 0K 52 4 404.9 mg/L
I 1) B S AR LE IS AT R R X —BL R UL W], MBIk
FERRAG Y MCLR ) 9K J8 2t izt K T g ok 5 i e
fiff 3k 2 5 Wl AR I B 5 M A R 8 OK B — i fE I
JIEA) MC LR U FE AN AR I 5 [ fift T e 1 K 31 — s 75
W T2, Xt T RN R R MCLR A
T R 6 A T A B 9 N 5 IX — WA e Y A S K I R

Pty e B N 58 73 5 (RRE R
100 -
o SOT
3
£ 60
=]
g
5 a0l —+—809.8 mg/L.
g —=—404.9 mg/L
£ 20} ——202.45 /L
—o—101.225 mg/L.
O 1 1 1 1 1 1
0 4 8 2 16 20 24

t/h

5 MM EEE KR E X HBERE MCLR B2 E

Fig.5 Effect of the intracellular extracts concentration on

degradation of MC-LR.

2.5.3 MC-LR WG 5% 0 : OR £ pH {4 8. 0
FL B 5 — 5 (4049 mg /L) , 5 52 )i W)Wk X il
fie B At MC-LR (K520, 45 R A1 6 oo i 45 2R
KW, 2 MCLR WG AE 5 — 10 mg/L [ P I
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ARAE MCALR {0 WA 2 b MC-LR %6 K i 1 18 K T
30K T L 0 e A B2 0 e 249 43 110 5
MC-LR %545 5 » MC-LR {10 % ff % 1 B 45 MC-LR %)
6 E 1 KT MR > 4 MC-LR. 6 ¥ i 350 K 51
25 mg/L 1 30 mg/L B}, MCLR [ B i 2 KIE T

B

100}

o 80F

a

E 60t

f=

]

E a0} “o— 5 mg/L

8 —=—10mg/L

g‘) 0l —+—20 mg/L

o ——25mg/L.
o x—X —x—30 mg/L
0 4 8 12 16 20 24

t/h

B 6 MC-LR #1183 E Xf fg A 48 B8 & B #7 MC-
LR #5011

Fig. 6 Effect of initial concentration of MC-LR on
degradation of MC-LR.

3 i

T AR SR 5 5Kt HE 5 2210 B2E W B AR R DR L R AR
A AN 5y 77 A TG e < B A ) i T 52 B [ N A2
BRI AR T R R R HOR B IR
Fag 5 A L LA AR o AR T — MR 22 0K 4 ikt AR A
o HL B A R T 2K AR R AT P O 3 T
TR . 324 Nk, B A A T ik o — 28 fig
i B At B 7 IO SR PR ERRRAS Z2, 1 HL AT K I 11
Ak B MR 0 12 DL R B A K TR I 9 Al BF 0 OF AN 2
WP Kato 25 P FEWFST B9 B KB MR MCs f) i F2
TR B KR I T LA Ay i MCs [ 3R R B K 45 R .
Bourne 45 772 7 30f 4 G0 S TR MI-PV G 4L %
fit MCALR {3 42 0F 50 4 & I, 75 MCLR (1) ity [ fi
MR, B 3 S T RS R, B R
e T AR 7 AT L FAR IS R
IFSE T B B0 B BT P KL 9806 MCLR 1) B i, th
DU EE B h 2 /045 3 Mil§ 2 5 7 MCLR [ B4 i .

ARWFFTLL MCLR Ay W — B J5t » AN S 391 Ji U8 v i
e 1 PR EERE 2R B R B M6, 48 16S rRNA %558
Sk R ZF AT B (Bacillus cereus) > 35 %7 2 i P9 ¥ il
Wi MCALR (¥ RF PEREAT T 40 AIE 5, DA O vt ¢
B AR ) I A 4 AR A0 A B R

% A AR B Al MC-LR 1 3% 1 420 o o i o Bl . &8
SDS-PAGE 4> 4 il £ 11 41 1 ¥k & I, MCLR 5 7 &%
IR ASE S0y S & L AR P E R L I
THRIE AL (A B) fl— M0 T RN EA %
A (C) WKL, Rk T HEWIIX 3 R E A S
MC-ALR B g 2 D) AH G I W 25 . i MCLR 5 3 37 )5
BABEAWHEAL, JUZHrp 3 Fhi A Rk & 1Y
s B IX e 5 MCLR B fif A7 G 1 I 2 B RR AR 5 1K
ALY, T AR S M. BRE 2 050 R M
M-6 Xf MC-LR [¥1 B 4E FH AL, R AT 3 Fol il 2%
25 T WA BN, FLIX 3l 0 40 AR B T AT 1
IEAY T TE 7S G e PS EE MN I TR Sk g

pH {H < P R I 9 11 R FE 2 MCLR (1 4] 4R ik
JEXT MCALR ) B fif 0 R A AR K0 5 o i A e Y
AR pH H 53 5% W Al 8 A . DRk A e B %
B pH H 152w b ok 2 pH A AN S5 i i 3%
Ay b R P i s R RE O R o I R JES 4 1
fiff 5 R AN T 5 W) I 5 TR ) (¥ &5 s i Lo v Bl
1 pH {H 3& W] fe A B 1) 0% P B AIC, BE 2 A8 2Kk
L ORBES R T BR M6 % MC-LR () 5 112 [ it 52
& pH {H A 8.0, b I B A% 230 % f 1> 8 h B n] ik |
85.5% ,16 h Wik FI| 93.23% o fi P A g 0k BE A
404.9 mg/L I B ff 5% R B 4F 5 6 h [ fif 2 0] ik #)
88.4% o TEJKHW MCLR ¥ AR 3L F » B8 &
Tt 0 A 55 P 8 K A AR S 3T 8K, AE 2 IR A T
G U A I Bl R B A 4k 4 0 K, R AR R AR OR 4R
s XA A N B g 2 WK G T R R e [
Bt 3 WY 5 S A Tl A v A A 2 SR R o T
— 7 T 2 A B — 52 i MCLR 9 JSE B A I, e i
K MC-LR ¥ B (1 39 K 1M 39 K, % MCLR [ 9] 46
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Screening and identification of a microcystin-degrading
bacterium strain and its enzymatic degradation of
microcystin-LLR by intracellular extract of Bacillus cereus

Guangyun Wang', Juan Wu'~ , Wei Xie', Yucheng Li', Rong Jia’

'School of Resources and Environmental Engineering, *School of Life Science, Anhui University, Hefei 230039, China

Abstract: [Objective] To provide effective microorganisms for the treatment of water polluted by microcystins (MCs) , the
strains capable of biodegrading microcystin LR (MC-LR) were isolated from the sediment of Chaohu Lake. The degradation
of microcystin-LR by the intracellular extracts of the strains were studied. [Methods] The enrichment culture using MC—
LR as the sole carbon source was utilized to isolate the microcystin-degrading strains. The isolated strain was identified
according to the observation of morphology, the physiological and chemical tests and the analysis of 16S rRNA gene
sequences. The degradation of MC-LR by the intracellular extracts was studied. [Results] Strain M6 effectively degrading
MC-LR was isolated and the strain M6 could grow utilizing MC-LR as the sole carbon source. Phylogenetic analysis based
on 16S rRNA gene showed the similarity of 99% between strain M6 and Bacillus cereus. The experimental results suggest
that the active substances for degrading MC-LR were the intracellular extracts which were the tissue enzymes of cells rather
than induced enzymes. The degradation of MCLR may be due to the catalytic effects of three enzymes. The degradation
rate of 98. 7% could be reached under the following conditions: pH 8.0, 404.9 mg/L of intracellular extracts, and 10
mg/L of the initial concentration of MCLR. [Conclusion] Strain M6 which could biodegrade MC-LR efficiently was
identified as Bacillus cereus. The influences of pH, the concentration of intracellular extracts and the initial concentration
of MC-LR on the enzymatic reaction were obvious.

Keywords: Microcystin-LR, screening, identification, intracellular extracts, degradation rate
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