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Anaerobic Biodegradation of Microcystin by Bacterial Community from Sediment of
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Abstract: Aewbic bodegradation has been identified as the main attenuation mechanism for microcystin, but the role of anaewbic microcystin
biodegradation remains unclear. To elucidate thi process, we assessed the potential for anaerobic microcysin LR biodegradation by sediment
microbial community from Dianchi Lake and evaluated the effects of envionmental factors and additional nutrient sources on the mates of
anaewbic biodegradation. The results showed that microcystin LR was rapidly degraded from 5 mg L to below detection limi within 2 days,

demonstrating that the indigenous microorganisns can efficiently degrade microcystin LR under anaerbic condiions and can use microcystin LR
as a sole nitrogen source. The rates of anaewbic micwoeystin LR biodegradation increased wih increasing incubation temperature within the
experimental range of 1530°C. Anaerobic microcysin LR biodegradation was slower ( pH= 5.0) or even ceased (pH= 3.0) at acidic pH,

but there was no diference inthe rates at neutral (pH= 7. 0) and alkaline (pH 9. 0, 11. 0) conditbns. The addition of glucose decreased pH
of the culture by producing acidic compounds and therefore significantly inhibited the anaerobic biodegradation of microcystin IR, but with the
addiion of NO3 , this inhibition disappeared. NO; amendment also retarded the biodegradation of micocystin LR, demonsirating that NOJ

was not used as a terminal electron acceptor. These findings suggest that anaewbic biodegradation might be another mam attenuation mechanism
for microcystin LR in sediments and present a significart bioremediation potential.

Key words: micocystin; anaewbic; biodegradation

MC
(1

(microcystin, MC)

(21 ’ MC
MC , R R MC
, MC
I MC
Yo Me o MCLR :
MC
[4~22] ' MC 2008-12-15; :20(0;}0%2(;720316);
[7~13] i MC (8??974~ 5,2(1)77AA0627304) ’
L~ 18 Holgg ¥ . MC . Bmail: xiaogwo_ chen@ tom. om



2528

30

MCLR
MC

1.1
MCLR SIGMA
, > 90%.MCLR
, 4C
2006 12
, , 47T
( , TEDIA)
TEDIA),
Agilent 1100
(
50SI (
) s SW=CH 1D
) ; LRH-250A
) ; Eppendorf 5810R
pH ; Sartorius

1.2
1.3
0.4¢
MCIR 5 mg'L
, 30¢C 3d .,
1.4

, MC

. MCLR
, HPLC
0.22 Pm

s YOX II
); YXQ-LS

(

; Sartorius

20 mL

:K2HPO4 0. 5 g, MgS04+7H.0
0.5 g, KH,PO, 0.5 g, NaCl 0.5 g, FeSO,*7H,0 0.01

g, 1000 mL, pH.
1.5 MCLR
10 000 r/min 10 min
HPLC MCIR ,
0.01%TFA: MeOH = 40: 60, 0. 8 ml/min,

ZORBAX-C18(4. 6 mmx* 250 mm, 5 Hm) ,

25T, 238 nm,

)

1.6 MCIR

10 11,

15 mL 9 mL pH
7. 0MCLR 5 mg/L. s
1d, .
2 1 m];‘ 2 2
25C .
0. 4 mL, ,
-20C
, 3
MCLR s
pH C
N . 15 20 25
30C , MCLR
10% NaOH  HCI pH,
pH 330 50 7.0 9.0 11.0 MCLR
1 ¢g/I. KNOs 1 gL s
MCLR . 3 .
MCLR pH ,
MCLR , pH pH
1.7
SPSS14. 0
2
2.1 MCIR
1 MCLR
. , 3d ,
MCLR (4.25 mg/LL +0.05
mg/' L), MCLR
MCLR ,2d
| MC]_R ‘ [4, 19~ 21]
[4] 7
MCIR . ,  MCIR
1
, Adda.
[23]
MCIR
MCLR
MCLR s
MCLR



9 2529
( D(BO m 5
—o—15C
0. 004 3d  0.09), —0—20C
MCLR CMC * T ar
. MC Nl 1 .
8 24] .
MC . 2
5 £
SR —— S5m0l ° 2
3 —xX— Kpixf 4l
s \*\x L [ §\
X
= 3k 0 I\w\
&0 0 1 2 3 4 5
g 1d
2+
2 MCLR
e Fig. 2 Effect of incubation temperature on the anaerobic
biodegradation of M CLR
0 1 Ny -
0 1 2 3 4
t/d
1 MCIR
Fig. 1  Biodegradation of MCLR under amaerobic conditions
!/ﬂ \%/Q/§‘Q/ Q\Q/§/§\E
2.2 MCLR 0 %\
2 MCLR £
o —o—pH=3.0
. 15C MCIR 1d : I
—a—pH=70
’ —y—pH=90
,MCLR —e—pH=11.0
, 200 25C (p é sl; 1I2 1I5
=0.2), (p< 0.05). td
MC ,
- 3 pH  MCLR
’ ’ : Fig.3  Effect of initial pH on the anaerbic biodegradation of M CLR
, MCLR
, MCIR ) (p 0.67
: ~0.97).
2.3 pH  MCIR 2.4 MCLR
3 pH  MCIR 4 ,
. M MCLR MCIR . ,
(pH 3.050) ,MCLR (1 g/L) MCIR (p< 0.01).
(p<0.01), pH MCLR 2d . 37.6%,
pH 3.0 .MCLR MCLR :
, MCLR 37. 6% ,
, MC
MCLR MCLR , MC
. : (pH= 3.0) , MC
MCLR ,34d , 1 Holt M ,
,MCLR s MC
(P .7.0 9.0, 11.0),MCIR o



2530 30
5 - 7.0~ 8.0 ., pH MCIR
—u— Xt
—o— HBE s KNO; MCIR
4 —a— THERA
—x— TR Wit pH
, KNO:s MCLR
ZEL O\Q/Q\c/c\c/ % e\ e D\§—‘o/§ (p=10.98),
3 2 § KNO3 5
oA KNOs  MCIR
1h \I )
0 L 4 |\A i I ! I pi ’ KNO;
0 3 6 9 12 15 pH
" | §
5.0~ 7.0 NO;
4 MCIR ) pH
Fig. 4 Effect of nutrient amended on the anaerobic MCIR
biodegradation of MCLR ’
( 23 ). ,
pH 7.0 NO; ,  NO;
_ H2 1 , NO;  MCLR
7.0 3.0 , 3.0
pH MCLR 3
, MCLR
o (1) MCLR ,
MCLR
= pH(pH <3.0)  MCLR .
( 23 ). (2) MCIR
4, . KNO, : NO:
MCLR (p<0.01),  MCIR (3) pH MCLR
) S (pH 3.0 50) MCIR
MCLR [21] (p< 0.01), (pH= 7.0)
Holst [ 4] ( pH 9 0 11 0)
NOS ' MCLR ' (4) KNOs MCIR
, MC ’
, MC pi
, NO; MC
[4]
, MC . [1] .
[JI. ,2006, 18(6): 572
MCLR 578.
NO; [ 2] Davson RM. The toxiology of microcystins [ J]. Toxicon, 1998, 36
T ) (7): 953 %62.
MCIR ’ N03 [ 3] HoegerS J, Hitzfeld B C, Dietrich D R. Occurrence and el imination
MCLR , of cyanobacterial toxins n drinking water treatment plants [ J].
MCLR , MCIR Toxicol Appl Phamm, 2005, 203(3): 23+242.
- [ 4] HolstT, Jorgensen N O G, Jorgensen C, & dal. Degradation of
NOs , MCLR
microcystin in sediments at oxic and anoxic, denitrifying conditions
-pH [J]. Water Res, 2003, 37(19): 4748 -4760.
> KNO3 pH ['5] Tsuji K, Asakawa M. Amzai Y, et; al. Degradation of micrgcysting



9 2531
using immobilized microorganism isolated in an eutrophic lake [ J]. microcystie LR by microbial degradation [J]. Toxicon, 2004, 44
Chemosphere, 2006, 65(1): 117124 () : 107 109.

[ 6] Nybom SMK, Salminen S J, Meriluoto J A O. Specific strains of [16] Imanshi S, Kato H, Miammmo M, et a. Bacterial degradation of
probiotic bacteria are efficient i removal of several different microcystins and nodularin [ J]. Chem Res Toxicol, 2005, 18( 3):
cyanobad erial toxins from solution [ J]. Toxicon, 2008, 52(2):214 591 59%8.

220. [17] Edwards C, Grahan D, Fowler N, & al. Biodegradation of

[ 7] s s s microcystins and nodularin in freshwaters [ J]. Chemosphere, 2008,

[J]. , 2004, 25(6): 49-53. 73(8):13151321.
[ 8] s ) .. S3 [18] SaitoT, OkanoK, Pakk H D, e a. Detection and sequencing of the
[J]. , 2007, 27(7): microcystin LR degrading gene, mi A, from new bacteria isolated
1145-1150. from Japanese lakes [ J]. FEMS Microbiol Lett, 2003, 229(2): 27+

[9] R s R UST'B04 276.

[J]. , 2006, 6(2): 166 [ 19] Hyenstrand P, RohdackT, Beattie K A, et al. Laboratory studies of
170. dissolved radiolabelled miaocy ¢ i-LR in lake water [ J]. Water Res,

[10] Pak H D, Sasaki Y, Maruyama T, et al. Degradation of the 2003, 37( 14): 3299-3306.
cyanobad erial hepatotoxin microgystin by a new bacterium isolated [ 20] s s s
fran a hypertrophic lake [ J]. Environ Toxicol, 2001, 16(4):33% [J]. , 2002, 22(2):189-192.

343, [21] , , .

[11] TIshii H, Nishijima M, Abe T. Characterization of degradation process [J]. , 2006, 7(4):36-34.
of gyanobacterial hepatotoxins by a gram-negative aerobic bacterium [22] s s
[J]. Water Res, 2004, 38(11):26672676. [JI. , 1999, 19(2):138-140.

[12] HoL, Hoefel D, Saint C P, et al. Isolation and identffication of a [23] Bastviken D, Olsson M, Tranvik L. Simultaneous measurements of
novel microcystin- degrading bacterum from a biolbogical sand filter organic catbon mineralization and bacterial produdion i oxic and
[J]. Water Res, 2007, 41(20):4685-4695. anoxic lake sediments [ J]. Microb Ecol, 2003, 46( 1):73-82.

[13] Lemes G A F, Kemsanach R, PintoL D' S, et al. Biodegradation of [24] Valeria A M, Ricardo E J, Stephan P, et al. Degradation of
micocysins by aquatic Burkholderia sp. from a South Brazilian Miaocysin- RR by Sphingomonas sp. CBA4 isolated from San Roque
coastal lagoon [ J]. Ecotox Environ Safe, 2008, 69(3) : 358- 365. reservoir ( Cordoba- Argentina) [ J]. Biodegradation, 2006, 17( 5):

[14]  Boume D G, Jones G J, Blakeley R L, et al. Enzymatic pathway for 447-455.
the bacterial degradation of the cyanobacterial ¢yclic peptide toxin [25] Swono IS, Collado M C, Salminen S, et a. Effect of glucose and
miaocysin LR[J]. Appl Envion Microbiol, 199, 62( 11): 4086 inawbation temperature on metabolically active Lactobadllus
4094. plantarum from dadh n removing microcystie LR [J]. Food Chem

[15] Harada K, Imanishi S, Kato H, et al. Isolation of Adda from Toxicol, 2008, 46(2): 502507.



