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Advances in the Pathway and Molecular Mechanism for the Biodegradation of

Microcystins

YAN Hai', WANG Hua-sheng'?, LIU Xiao-lu', YIN Chun-hua', XU Qian-qian', LU Le', MA Wan-biao'

(1. School of Chemistry and Biological Engineering, University of Science and Technology Beijing, Beijing 100083, China; 2. School
of Architectural and Surveying & Mapping Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China)
Abstract: With increasing discharge of wastewater containing nitrogen and phosphorus into rivers and lakes, harmful cyanobacterial
blooms have become more frequent worldwide. The main harm of cyanobacterial blooms is producing and releasing a great amount of
algal toxins mainly containing microcystins (MCs). Since MCs are extremely harmful to plants and animals and difficult to be removed
efficiently by the traditional processing methods, how to control harmful cyanobacterial blooms and remove MCs have become an
unsolved problem in the field of environmental science all over the world. This paper summarized the structure and toxicity of MCs, the
MCs-biodegrading bacterial strains, the enzymes, the genes, and the biodegradation pathway and molecular mechanism of MCs. The
further research subjects were also proposed. It was hoped that this review could provide a reference for restoring MCs-polluted lakes
and reservoirs and ensuring drinking water safety.

Key words : microcystins ; microbial degradation; biodegradation pathway; molecular mechanism; review
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Fig. 1 Chemical structure of MCs
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RS MCs 7KK, W 255 | & K Wi . I 48 9 45
e KR & A MCs KB ABER, I A &
PRI TR R I K BET . R, AR T
A UEFE R K B MC-LR MR E AR T 1.0
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PE 2 BRI D 7K i MCs RO AT, et R fie T
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il 2 A X7 T — 25 Ry . AR AL B MCs L
B, sAr AR . e s g5, HEr &
B IR AT Al R X MCs 28772 PR .

2.1 AT MCs

HL& [ MCs fig 1 19 38 B 78 R ARk R B
DR 4 BT 2B, R 5T T AN T M
RYGiN MCs (1 2 BRACR B R 2R, & BLL 5 1

JKAE i f2 30 K R K, 4 kK & MCs (0. 117
pg L) B, RKBRE 50% £ 4, o Xt MC-YR 92
BRalOR felhr. B 4T MC-LR, MC-RR
I MC-YR 28 7 41t X 5 A5 0 s 0 2 1 Ak BRSO, 48
24 h AbFRJS & BE 3 FP MCs 19 22 BRI T 90% .
SRAE" K BT R B R DL B R R R R I
SR T AR AR WA MCs S E K, 83 W 26
PRI B R T RERSAE 3 d N SE P& MC-RR (50
mg-L ") Fl MC-LR (30 mg-L~") AR & TH BEUE
Pt AR K W I K A TS G ) K A LA B K AR T AR
Wb & BAE A B 45 e MCs fiE TRk o -0,
Inamori 251" Fi 5 S B XK AR il MCs AT R fit
WFFE, 45 R & BZ B 5 76 10 d P MCs (40
mg-L~") SEAREME. 15K HES WA AR RR RS LR
Ffigt MCs AT, oA 2 d Z 9% MC-LR (182 ~
837 wg-L™") SEafEm

FH UG AT DL % MCs A B A B8 7 A8 A= 0 o
WAFAE T R AR KR b 0 35 40 85 0 EL AT v R0 R fi
MCs FOLEEARN 7] LA F— 25 B 53 2 FL R 28 78 |
I FEA
2.2 SiEAEEfE MCs

I, FEI AN G433 il MCs 200 T A1) 417 3 4
%. Jones % N KSR K R Ay 1 Rk
MC-LR A — & M fif B 1 I 4G B FF ACM-3962 , H- ¢
H 32 oy i 2 B BR ML AT ( Sphingomonas ). Bl S, H
A BT TR T KREFSE. Takenaka 25
MRIRIK A 20 B 1 AR MC-LR 75 [ A 58 1 1)
B 2R A B ( Pseudomonas aeruginosa) , T BETE 20
d B MC-LR (WA 50 mg-L™") 2555 90% LA
. Park ZEPYT N Ishii 22 3B H A Suwa #
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SYESHN T 1 RN MCs Ho#8 %5 w8 W A B ) 114 206 B b
Y2 F17CY, Hh Y2 B X MC-RR #1 MC-LR K
H AR o3 )3k 2 13.0 mg- L' f1 5.4 mg-L~".
AT 16S rDNA S4T30, — 35 35 J8 i I o B
HHETCY 5 Y2 Z A & m i . Tsuji 45
MH AR Tsukui #H 4381 1 Bk X MCs A7 i g
FI A M AR B-9, 1 d PR MR EE 1 MCs
SRR B Jml it 16S rDNA 2387 & 3, B-9 54
G Y2 B[R PR L 3k 99% . Saito 2T A
rh B BH T S & AR K AR B 1A A H A Kasumigaura
W o B T 1 BRELA A% MCs BB 7 i 8 2 B
MU ( Sphingomonas) C-1 F1 MD-1. 2005 4F % [
24 Valeria 257 AR AE A /K JE 07 8 1 1 BRA
FAPEPANTE CBA4 1% 1 36 h Nk REH M SN 200
pg- L' MC-RR 52 &F&f#. 2007 4E, Ho &%) )2k
YV uEas oy B 1 BRAERS % MC-LR F1 MC-LA 1)
PR LH21, 48 16S tDNA %£5E 4 Sphingopyxis sp. ,J&
28 PCR ¥ 14 & % W vk A B Al MCs 583819 mir
HH .

PEA 21 405, [ N AE MCs [ fiff 15 Fh i 18 7
IR HEATIESE. 2002 4F, 253 MR I U6 v 4y B
H 1 BRAE B PR R B ( Ralstonia solanacearum) | i &
3d WA KW IR 50.2 mg-L™' i MC-RR F1 30. 1
mg- L™ 1Y MC-LR 4 #B R, F 34 8 fift 3 32 43 3l 3k
16.7 mg-L™"H19.4 mg-L™" " JEWE&P b
JEVRhFEE Y 1 BRXT MCs £ 35 5 38 1 B A RE 11 19
BRI /R RFFE ( Delftia acidovorans) ,7E 2 d N AH
WItE 90. 2 mg-L~"# MC-RR F139. 6 mg-L~"f) MC-
LR 4 & B fift, H 359 B i o 5 43 )] 42 i 1 45.1
mg-L 7' F119.8 mg-L™". Wang 25" )AL )i 6 rf
B 1 AR & B 5 M 1A ( Sphingopyxis sp. USTB-
05) , HAE 36 h PBF 045 42. 3 mg-L~' iy MC-RR 4=
TR AR, T2 A1 A I 40 M 4 BRUA (350 mg- L' &)
WIZE 10 h A5 HIHR 42.3 mg-L~' 9 MC-RR 42 %BI%
fife. BB N B AR K AR I K R v B 2
BT 5 BRREAR MCs BB 7 BCR AR TR, 2840 20 &
B4 5 JE T 2F AT B8 ( Bacillus ) . 1 ¥ 14 )&
( Enterobacter) . NSNWFFH B (Acinetobacter) . i
K& ( Frateuria ) FIGUFF B ( Micro bacterium ). X
Ve A5 0T MR I & A K AR I K A R 4 X MC-
LR 7 i E FEAEBE I I TAPE S3, 48 16S rDNA JF41 Lb
X4 AT 8, % 5 28 2 AT B ( Paenibacillus
validus ) (IAATES 98% . SEF %D BF9E TR
M # ( Pseudomonas ) M- 5, M- 6 KR B W H

(Aeromonas ) M-7 BAEEFS AR FEXT MC-LR
AR AR AR, 45 SRR B TR G T PR XS MCs 1 [ A 55
S A TR bR, TR G R R 1) B P A A=
KA. AH [RIRHA N TR 2 18] i 2 & HA TR K B
PP 3 T DA TRTRR 1) A 3 A= A0 AR Jxt i e W 1 e
it FEFNALBR AT TS AT R0 AT Up )V FH T ik
2a Gt AR

I 5’|\, pan Stenotrophomon (32] .

[33]

Sphingosin-
icella'® _ Poterioochromonas *' | Burkholderia*’ .
Brevibacterium">®’ N Rhodococcus™® 1 Kurthia
gibsonii:m ZRETRTHREN T A F%ﬁﬁ: MCs ) B Fir.
H i, E NS MR E BEFE i MCs BT Fh 23k 50 25
(HBI3 TSR MCs R BN ILER 1 7R ) | o 1Y T )
B A 32 O T B i ) TR

3 MCs BEfRRZER S FHLE

3.1 JEILREA# MCs

FEAE AL R i MCs R 4% B SC 2R /E L. SCik
[41,42 1 BF5 T MR 530 14 ( Pseudomonadaceae ) M- 6
S L P AR B T MC-LR 1 B 0% | 45 S 32
21 47 B X o 1 2R A AR L PN T AL 4
WRHETE 24 h INFEf% MC-LR, H 34 MC-LR 4 2% 2
SEPARE M-6 19 4.7 £, NI A5 R S P M-6 [ i
MCs P97 I8 T PO, 5 H Ak MC-LR PRk F f
BV TG B PN ) R AL . A R Y 43
Br g 20 3 M2 5 T MC-LR B, £R
W)t A g Y S B PR T USTB-05 e ft il & T it
DAV, I 300 it A b R i S8 3 /25 1 T 40 PR AR A MC-
RR 1905,
3.2 MCs A=Yk AL

MG F oK B A SE A W i MCs 55 DR 9 )
fE, AT LN FRIE MCs B iR 12 S 431 HL ] B 7 ik
fill. Bourne Z&**) Xif 4 2 I BA MU T ACM-3962 [ fit
MC-LR 3L FFESAT T HEAAESY. i HPLC &
I MC-LR B =y 3R 50, FIKT ACM-3962 &
/A5 3 B (MIrA | MkB . MIrfC) K%k %5 T MC-LR
HIEAL IR XTI mirA . mirB . mlrC F1 mlrD 3X 4 Bt
Vi3 De (18 2) b mirD R 5L 8. 58 3o W fi
HRM e S FIRFEL, BB 4 BEEENAUSE 1
BAHARKJE K 5. 8 kb (9 DNA H Bt Horf mirA 7
it — > MCs B (MIrA) J& T—Fh & B & H
it , th1 336 A5 LA R IKEE I VI ; AT mird T
Yt HL LA AH ) BRI D7 0] (02 3 D mlrD | 2 — AN S5 K
a5 mirB WAL T EAH N EA R BT
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Table 1 Part of MCs-degrading strains and its information
T Bk SRR GenBank %520 [ FEMRIZE
Sphingomonas sp. ACM-3962[1%] KA. Murrumbidgee ] AF401172 MC-LR, MC-RR
Pseudomonas aeruginosa (19] HZA Japan MC-LR
Sphingosinicella sp. Y22 H AR Suwa 1] AB084247 MC-LR, MC-RR, MC-YR, 6(Z)-Adda-MCLR
Sphingomonas sp. 7CY 2! H 7 Suwa i#] AB076083 MC-LR, MC-RR, MC-LY, MC-LW, MC-LF
Sphingosinicella sp. B-9/%! H 2R Tsukui # AB159609 MC-LR, MC-RR
Sphingomonas sp. MD-1 (23] H A Kasumi gaura 4] AB110635 MC-LR, MC-RR, MC-YR
Sphingopyxis sp. C-1%] i B MC-LR, MC-RR
Sphingomonas sp. CBA4[%*] FIFR4E San Roque 7K AY920497 MC-RR
Sphingopyxis sp. LH21[%) TRAH] I Myponga 7K & DQ112242 MC-LR, MC-LA
Ralstonia solanacearum 2] P MC-LR, MC-RR
Delftia acidovorans?”] o MC-LR, MC-RR
Sphingopyxis sp. USTB-052% U I EF607053 MC-LR, MC-RR
Paenibacillus sp. S3 [30] T R DQ836314 MC-LR
Pseudomonas sp. M-5031 P g MC-LR
Pseudomonas sp. M-6"3!] o A MC-LR
Aeromonas sp. M-7031] rp ) A MC-LR
Stenotrophomonas sp. EMS 32! o FJ712028 MC-LR, MC-RR
Burkholderia %) [ 74 Brazil DQ459360 MC-LR
Brevibacterium sp. F3130]] MC-LR
Bacillus sp. M6 o S IN717163 MC-LR, MC-RR
Pseudomonas sp. DHU-383 P E L HMO047515 MC-RR
Novosphingobium sp. THN][! HE R MC-LR
Morganella morganii (LAAFP-C25216) (4] b SN2 MC-LR
Pseudomonas sp. 2545940 IH MC-LR
Sphingomonas sp. 2535840 HRARFE MC-LR
Arthrobacter sp. ¥7 MC-LR
Rhodococcus sp. C3 MC-LR
Novosphingobium aromaticivorans DSM 12444 CP000248 MC-LR
1) GenBank %55 B A IZ T # 16S rDNA J3°51)
€--—--=-=-=-= —-----=- > - > €< -------
0bp 1521bp 1662bp 2669bp 2678 bp 3944 bp 4 266 bp 5472 bp
mirC — mird — mirD mirB
1521 bp 1 008 bp 1266 bp 1 206 bp
LR Sk S FE K i 1m)

B2 ACM-3962 B mir EEHE R

Fig. 2 Information about the mir gene cluster of ACM-3962 strain

Saito % i 1 PCR 4 AR X AT R it 58 F1 14
B 2 I PRI TR Y2 TR SR PRI TR MD-1 TR
FERI , 72 B 1T/ DNA th X % 3 mirA K& K] 4 47
fE,0F H Y T ACM-3962 HA AR & iy [R5 )
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