HlEFFE 2024,46(3 ): 215 - 227
Journal of Fisheries Research

http://www.hyyysci.com
DOI:10.14012/5.jfr.2023125

sk IROCE, =M, SF PR R YN K A P I R R MR AL BRI T S D). b AFSY, 2024, 46(3): 215 - 227.

INGERE I K E R R E RS ZERIE KR

1 72 val =R =t FH-1 7 ST S 2%
gk B, FRICE', 2O, TREMA, SR
(1. VLPERMHEIMTE R A dr Bl , V1P B S 330013;

2. MER¥AMGEAYEE, YLVE A 330031)

WE: L5k, ARABELTRAKIKEG ERUME FHRERREFTEPE, BRFSEEK
M F K G 7AW E 3% (Microcystins, MCs) #EEEW, sSTALEERKEESA%
MR B . A R ) Fe KA P 89 MCs &R 4 % 87 & 5 Mk o) — AR, LA R KA
B, BAEMER MCs A S A Re9i6at s, Bk, AXLET MCs #9774, &
FEWAEE, FFEENET B A F R MW ER MCs 09 B I8 M a7 MR &7
BEATUR A BT Rt s Sesh, BT T AN EMALEKKESE I PHBESRA, FFRZT
2+ MCs %9 3E mir B fis 2404 . ALKk MCs Ml . #3523 R fe i i 455 R RAT R
Fey, G A RNHFR MCs A M BRI A 2 & A 3K R B MCs 75 42 IR 32 AL 47

B2

g WsERAE, MESREL, MAWKRE,;, EXM5E,; BRI

FESES: S94; X52

BRI BE AT A iy s R B0 &
AR, BEEFRERMNIK A EKIA T, K
WEERMFREAWINE . TR, 2BEEREN
EA A 63.1% MK AL E SR, H
HER ST . K. A RORA AL T AN R
) E B SRR FE KR E B SR A AR
RERRWIREN T, 2EREZARIKBITA I B Er
RHAMR | e ERERE RS B 2R3 5w
IKAER 2 R s RETHFE K A 15 WK BT, 5200
KAEZENAER KT . IR E I RER S5, LA
KB KA A B R G R Fre kR R, A
W ( Cyanobacteria ) N EWF=TEwe, GRS
( Microcystis ) . fi & % ( Anabaena ) . ¥ 22 ¥
( Planktothrix ) . 8 3 ( Oscillatoria) . 7&K ¥
( Nostoc ) MW 223 ( Aphanizomenon ) 4543174
— R A, A MREERER ( Micro-
cystins, MCs). A% 5 % ( Anatoxins ), 17 ER
# 7 2 ( Nodularins ) 1 ¥ 22 % 3 2 ( Aphani-

Wi BH:
HE&WAH:
F—1EE:
BIEEE:

2023-12-14
EZK ARl 4 (32371628)

MHERIRES: A XERS:

2096 — 9848 (2024 ) 03 — 021513

zotoxins ) 258 X #b i K XF AR M HA R
FIFERE AR, o Rl MCs oo 0 HagtEfa
R, 2 NI 225 B 1 ™ 5 B
fak, HEBIRAED Ik, M kBlAEkK
RIS MCs HeBETE R EL 145 0~42 724 pg/LMY,
I HL 32 7K 30 B RO RS BR BT R 5
MCs (W25 43 A FRAE IR, HOR B S e Rk 5|
B, MRKZERNA T 5 PR eah,
T MCs 75 B 7K 1A A A it 7 sk 1] 7 9 5237 1 1 A3
FURITRRS, ABRAS UV 2 VS I RV P o o]
H MCs, FE7E MM AE YRz R a4
Mk, 2RO REZRMBERERGERPEATH
PENT Xk Nk 2 R H ™ . PRI,
A A R0 AN R B K AR TP i MCs E 80K Y B iR
iR TR ) — TR

MCs 2 F2 58 FEE T F AR KPR g 3R 4R B KT
BER, APLHIE G T AR A R . MELERAE H
5 I RIG Y AR IR, S PR AR R —

kbR, L, HE, W, BRSEOT ISR HAE W BT LA, E-mail: zhanghe@jxstnu.edu.cn
OaeR, B, mlEdz, W, PR K A MAEYAEAS . E-mail: yantma@ncu.edu.cn


mailto:zhanghe@jxstnu.edu.cn
mailto:yantma@ncu.edu.cn
https://www.hyyysci.com
https://doi.org/10.14012/j.jfr.2023125

216 i |4

L0/

5 46 &

Fal AT AR BT, R A SR K AR AE TR 5 BE LU
MCs i —B IR AR BUEY, EATREA B%
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T 5 20 L 2 A ST T BRI B K BB rh PO
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M, 4% 3 SO E R D-MeAsp. 7 S0 & 1) M-
Dha VA & 55 i H i Adda, H ' Adda & ik
MCs TEPERYSEHESEA . MCs 25 2, 4 S0 BT
PR E R G 7N S 3. 7 S BT
FEH AL R 25, e ikt &k
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. MCs (AL FZER e 1 R,

(D M-Dha (Dha) (L-Ser)

Ty

0
NH
R, |
H
N X 2) X
. L-Arg
i O COOH O L-Leu
. ) L-Phe
L-Arg (3 D-isoMeAsp L-Ti
- : rp
L-Ala (D-MeAsp)
L-Met L-yr
B 1 MCs HfbsEmER""

Fig. 1

1.3 MCs Hfg=E
MCs fEN—ZMMBNE R, SIHIENEER

General chemical structure of MCs
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FGTTF- ML L R0 | ek frk it R i e 28 e I )
IREFEA
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2.1.1  MCs F%f#E MirA

MIrA J& T A ) R i MCs 32 2 v 10 S 8 2
fity, REVIHI MC-LR JR K Adda-Arg 5, fii H
TR 2 M MC-LR, M 5 25 B AR L M 1
& MIrA Ff 1 336 NSRRI AL, AT
fif 5 H260, AIH263. NE265“  MIrA i Y
N UifFfE S H 26 DR IERA N E T Iy 5], H
KNI ERAFEAM 22 5, WARIE B ( Rhizobium
sp. TH) ™ MIrA i 19 N 3 {5 5 Ik R & A 23 &
FER™, X RPE SRR LA I MIrA BT S R E
fii, £ MCs BFFf b R E EEZ/EH,; Hy
B R AT AE = BE DR ST I Abi 45 ek, BB SE R
MIrA i EI (AL Xu Q Q 4517 | JH ] Y i 455 11
TE S AR IGE T MIrA [ - (0 H b 3 7 25
£345 Glul72. Trpl76. His205. Trp201, W20
IH T L MIrA B 25 MR 3, MIrA 2549 vh

1) Abi G532 8 RO AT AU IR e A B, A I
by 4 A BERTIE ) R B8 e [ R 1l B K 1) O A A 2
JE (IR R 700 AL G 8 14 Jid J5 s () b A il
SIS, i S TS R EE A VR IR AL
PRSI B AL R e, T MIIrA. il 1T LA S 3 A% 48 S
n-m HEFR DL B 3 fE 46 07 45 5 MC-LR #4740 B AE
., 3O MC-LR F#f# 2t MC-LR™ .
2.1.2  MCs [%f#iE MirB

MIrB B2 i A M A MCs 3 A5 P 158 — 46
SRR, & n) Dol Wit 4k MC-LR Hi1 Ala-
Leu 8, fHILCREM N IUAK, Pt MIrB B9 FR A
AL Z M ( Linearized-microcystinase ) o
Wt Blastp 23 H1 &3, MIrB i & (A R 75 55
B 2% UR GG I N B- PN IR P 2 M 1 5% 24 LA
R AIARRE, I R EA — N ERSER
Ser-Xaa-Xaa-Lys I PE{7 5751450 Dziga D 455!
MR8 27 ST T — AR5, B MIrB il (1)
S77 F1 K80 43l A5 H N 2R (Ala), 45 &kM
FgE G PR B3, iHH Ser77 A1 Lys80 iX 2 Fia Ik
FRBR X MIrB i LT RE A HZAEH . Weil
502 3 ok AR BN 3 X HESL IR 0T T MIeB il
PRSI , & P MIrB il N K3 A C A i
DB T MR, A 25 R 45 4 4k
S1 i i 8 AMRBESEAT MR, LB AR UBE Bk 10 R
FHT #FS5H, F R MIB i 14 52 JE R 5% JE 2 3 1ot
TE B —A 6 1T AR A5 B2k M MC-LR 51540 5
HATEE L, SRR IE MC-LR ORI .
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MIrC iR AEAE T MCs WUE YR iR 42 Th i —
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P B A O e ot o AT BB L. MIeC il —Fh 4
JBEAE, BA 507 MEIERIERS, HEE W
F= % i DUF1485 I MIrC-C W3S 45 /) B 4H i, {H
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F R (249300 N3R35 ) JEHARTE R i6E
PV AR AN B8 2R I SR AL, 1T MIIeC-C 25 F 3k 5% 1k
(29200 MEREL ) J2 LAERHE LD RED) — 2 X
B, FEALTF MC-LR R 16 240 & 5L AR ™= 0 i
C A 35 5 Dziga D 45" 3 i 28 A8 S 90 4E T
MIrC i Hr i 3 S SCHE Rk AL ( Aspl67. Hisl69.
His191). A TR AWFSE MIrC i i 25 F4 F5AE S AR
FA#LAI, Singh D P %5 i I-TASSER #/F it
T MIrC Bgr) =025, [RIERETH i %45 9050 k30
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5 1) 3 B [ ff i MIrA . MIrB Al MIrC 7] % MC-
LR F& ity 2 SE W ML/ or F K, mirD 40 15 1
MIrD F g 4 hy —Fh I K% iz B B, 758 MC-
LR MR- %5538 o BR mird~mirD 4 55
Ak, Okano K %5 F1 Jin H Y %57 S J5 i3 7 #

BN ( Sphingopyxis sp. C-1 ) FITH G B 50
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B, MO WE R R WY, B B AT PR A

( Brevundimonas diminuta Q3 ) "', 4 5 B M
USTB-05" | #1424 5 20 g 18 MD-1 1 Y2 1 0 4%
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MCs [ fi# T & g k6 0 ) mird %K ; Huang F Y
162 7y s A B R 48 MCs F&f# T8 Enterobacter sp.
YF3 W Ak oA R g K mird. mirB. mirC,
milrD FER o 1 B 3K 26 T PR T RE A7 78 I AL A
MCs B Ae, (LA AR A U B 5 | ) RS Al A DG
W ¥ B R B PE o B mird A% 5 H AN, Qin L
ST X mlr Fe RS T R G R BT, K

mlr FE TR 4 ADNFEH (mlrd~mirD ) HA FE )
E AL 3 TG MCs R fife B 19 %
fE ML A HEERE
AN, AT IAE mlrd. mlrB. mlrC X35
PERILIRE, Wang R P %Y My# T Novosphingobium
sp.THN1 & B9 mird 2 N 5 4 & pET-29a-mird-
BL21, &I EL MIrA v LTI #] Adda-Arg Z [7]
AOKERE, {#f MC-RR JKf#- A2 MC-RR; Shimizu K
S5 PO S I A EE AR B B C-1 9 mirB R mirC 3
PRI 2, & B 2H MIrB i Al MCs [k g
Bk, TiEZH MIrC B REHF VYRR % A% Adda B B 42
PR IE MC-LR [5# 4 Adda, FI SRR T 1k
AT DUA RO 6 UE S PR 5 PR T R, I BH MCs FAfif
PR R AL
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U TR R I 1E ACM-3962 X} MC-LR F i
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( MIrA, MIrB fl MIrC ) 1 2 il =4 ( £k
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Adda-Arg Z [B] g IR, i HZeMAL, FeAEEERE
2 160 15 2 ¥ MC-LR; 4R J5 MIrB il 5 £k 7
MC-LR H' Ala-Leu 2 [A] (# IR BT 7T, Az 1l D Jik ™=
Yr; fJa, MIrC FEfE Uk Adda-Glu 2Z [ Y R g
Wi, AR/ Be R 3 . (R 2ot &
B, MIrC AT DL 28 2 M MC-LR K fig oy
Adda®V | R — R R, WIS
it MIrB B R MC-LR, XX FIoik#R
ik MIrB il A9 B A TR RR T 5 B B2 L, ANl
FEXT T MCs B B fift 7= W) F¢ 7 25 5%, W1 Zhang J
2 LO8] o0 PRI i PR A a7 T [A] N [ fi# MC-LR I
Adda, 77 SRR Y, X RHRGE B
¥k [A] I} B f# MC-LR Fl Adda Y — 4% % fi# i 12

(I 2). Ding Q%" YEF 5T 3 B v thAG I 1 T
8 BT I B M 7=, (4G 3 A0 =ik ( Adda-Glu-
Mdha. Glu-Mdha-Ala fl Leu-MeAsp-Arg) . 3 ff
& ( Glu-Mdha, Mdha-Ala il MeAsp-Arg) L&
2Fh & KR ( Leu Ml Arg) , H 1 Mdha-Ala,
MeAsp-Arg Fll Leu i B IR B o 3 B85 B il 7 40
BRI RE A e o B i ie = 5 1
MCs [ RS, A7 78 Mile B A it 28 22 Fh
f#EDIRE Y T e
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P IR AT 8 T R oE TAE. Ho, Yan
H %5 5% F1 Wang H S 258 4K H 1 5 i 2t i
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45 KW MC-RR Wiz e 5 R i 9 MC-
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Xu H M 25" fF55 2 B] MC-YR (RT =45 M fi i 7
5 MC-LR, MC-RR &ML, HZUIEIf i frAr 22
S AN, ZhuX Y 29 B9 T — MR TH
Xf MC-LR FRE MR fe, 250 TH B ik ] fEF]
H T 5 ACM-3962 B 1 AH [7] B9 mir K f AL 1 X
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s N Bao Z Y 45V g R B AL
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BAHRL, 724 T2 MC-LR ., DU KA Adda 7= ;

R BH P 72 ] FH M b P 435 HE A — R MCs TR AURE
fit 1 ( Acidaminobacter sp.CI5 ) #£%% MC-LR YK
AR, 459 &I MC-LR 76l B9 /E T
B Ak Ry 28 P MC-LR F1 Adda, fH H 5= 4= i 2k 1
MC-LR 5#F4s 2t MC-LR ¥R, %)
AR ] REAFAE—FE ) MC-LR FEf#i47%; Ding Q
S DRI R IR TR A, BT
2 P A 58 #4 ) MC-LR JR & WA W) B i v 4%
(E3), L EBRRM, HARMEE h Ry A
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232 MCs [REfR A R R
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23 B —Fh B = 22 Z R NG ( Acyl homoserine
lactone, AHL) 4 % M #f /& J& i ( Quorum

sensing, QS) R G MW T, il %G
mlr BRI FIK, TH 2 mird 2R 1) 3548 1 [0

P MCs BOREAR, 5 B3 i 3 D8 Rl Rn B AR AR
& M, LuxI/LuxR A QS & 4t ( novll/novR1 #l

novI2/novR2 ) TJ LLAG R Hi {2 iE MCs [ fiff 1 % fit
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ZEAATE ( Bacillus sp.LEw-2010) " Tt B 222
ZEATTE ( Lysinibacillus boronitolerans CQ5 ) |
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Yang F 27" % Bl Adda 23853 PAA QiR 54
Wil RS A ( Acetyl-CoA ), i Z, 15 %l i
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TCA) e a8 — bk . 1O=E A1 i —
25 milr RN paa FEPR LR JE 12 A0 TR R 1 42
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Fig. 3 Anaerobic microbial degradation pathway of MC-LR*



55 3 1 s OB MBI YIRS S R R R L BT R 221

(:)CH3 NH, O
! K4
CH; CH; CH,
‘f MIrC
OCH; NH, O
oH Adda

(@)
ﬂ PaaA I
o PaaG |, S-Coa
:O S-CoA

MIrB 2% MC-LR
OH Linearised MC-LR

N\IHl\N/'\n/ OH

o ¢y H O

L)t r7]
Tetrapeptide

CO,

I®

O
)K Acety 1-CoA
S-CoA
ﬁPaaG

H,C

(0]

HO y S-CoA

PaaZ

O )

0
PaaZ
y o : Q\f\/“\)‘\S—CoA

4 BEREEARAE YF1 MM MC-LR MyEERE
Fig. 4 Complete degradation pathway of MC-LR by Sphingopyxis sp. YF1”

3 WEYERBREEKEESESPRE
TEN

AR P E A R E , ENESR
Gh iR, ENTHERE KRS Y . Btk
RAEE KA T R EEEEAEN . L,
MCs T 25 ) % i T ] A BB A K AR AR S R G b 1)
MCs, 7 MCs 15 /KRR A8 2 A 5 IR
N FHHME

HEr A 28 7 2 5 oK i AR 0% AR
MCs (4 . 401 Zhang J %100 P 23 85 1 1Y
G B a7 AE LA 3.33 mg/L-h! B [ i 3 OB

MC-LR FI{C 7= ¥y 5¢ 4 Mt 3 Tdroos E S %5170 A
Wi W22 R DLRL ) o B 0 M A SRR AT

( Stenotrophomonas maltophilia 4B4 ) BE 100% [Ffi
KAKF A MCs; Yang F A5 SO0 KT 43 s A R
f# T E YEFMCD4 fELL 0.5 pg/mL-h" fit B fift 8 2R 0%
MC-LR 584 LB o MR 2 1Y = 004t B bRk o3 15
AKX SRSl P MR TR G IF T R L DRI R
AR, AR ISR A R, L
IHHKARR MCs 594, tAh, FEEHAETE 2 FhL
TIRETRI R w ,  H Be IR i R K AR b i A 3 e 2
FI MCs, il Kang Y H 45 ! i 3 Hi 14 5 23 18 2 ffd



222 i |4

L0/

5 46 &

& ( Pseudomonas aeruginosa UCBPP-PA14) F13&
RABAME ( Pseudomonas putida KCCM10464 ) HE
[F] B} 52 S0 4 A 2 6 R MICs 19 UL R 5 LRSI
HANFFE (Acinetobacter CMDB-2 ) ™ B 75
( Streptomyces amritsarensis HG-16 ) ' 94
AQ MP™ | ZERIFF I AK3® 45 X L X I RE %
il TR AN RE AR I S i oK AR ke Az, bR
RO 2 3 @ BRI MCs, X4 il s & i s
BEIK AL MCs 5| A 1 KR 15 e B d 20 1 H]
B
FIEFVSMANE (MR . pH. HIHRYITH
P B ) AT REXT R s R e TR Y B A e T
AMEAER, AR T S A
MCs [&fi# N FH %6 N, Ren G F 265 B3
T LI 7 TE 5 ke 2T 4 U 5 TR A 0% 4 Al B A TR
YF1 X MC-RR Fi5 4Ly B9 K BRABCRZ W AL T
H R YFL, Jf B AR R A pH A F) ER
BE N A BB R 35 8¢ =5 A9 B % 7% 5 Boonbangkeng D
SIS D Z FLBE S WURL ( FPGPs ) by [ %2 {1
BL, K EZFRAT R AKS HTREIE S, KBS AR
TE T AH AR LG, AK3 T [F)RE 28 30 B A A 5
RORFIE Y MC-RR BRI IRk, UEY
FEH ARSI E AR B R . BERCER . 1
SR A SR ST A R A TR I T A
SRACAE R — MmO EOR , W] Ld e ) RGP s
i€ DIRERI LR E Mok A vy RGEXS 15 e o 25
BRag RS BE W) BRI T AR S IR
S, pldn, J7 S s N T R G
MCs =3 & B AT AR sk fs , R Ak
J BT b ZR S8 X MCs 1 5 fife ok 36 W] Wb 45 31 2 05
It ELik B8 1 1o 4 0 -~ 50 R B8 S kb B R K
SRR 7 B AL 28 A5, Wang R %5 fF 5%
RIS sa A e N TR R 48 nT D) i e
X MC-LR (REMRACR, 8 12 h PRI ADRE B ik
JE4 16.7 ng/L ) MC-LR &K% 1.0 pg/L, FHAT
DLTH B 2 0 6 A 9 A 201 5 Kumar P3390 K
SRIEAE TR 5 MCs FEAR I %, 2071 o 4
5 T LIRS K T MC-LR BUBEMHRE T . X S6BF5Y
BIIESE T AW Ak 1 R RE % A 250 48 s 75 7K Ab 3
RGERTG W) T ) B ARE T BRI R4S
(QS) RGLHEHLHE Bl A= Yo ik 2 50 S5 LAMIR D fig
TR A4 B 28 M B AT 2R G T R W A RV 45
O FHES KR A B E TAER D) s it A L

4 RE

W KA S = A ) MCs E 28X KAEAES R
GRS B TR . ST, ZEA T IEL
TEATIRSE A SRR, M TRge Yk 2
T, A R A A R R — P A O
MCs LBrJTiE. CA PR ED], MCs R w0
i Z2 R B R AR R A T HLHL, RERSKE A BRI
MCs B REff N O =) . FIRE, B MCs A
R IR A E Y R G hil T AE YR, (BRBEE
e R MR 7 R GE X MCs YRS ie . 124 M ik,
[l N AME MCs 19 A W) 8 i SRR AL 2 P T K
HERE, AL 25 O NEE2E 5 TP _EWF5E e #r
T MCs BTl 9 % it ads A2 R SAIL AR L X Sk #g
T RU A A MCs B 356 R TR BRI Tl A 7= il o 39 4
HETHNE IR, Z5ABIA MR, KRR
TELL T U 5 A TR AR «

1) B MCs (1938 mir &R 345 K R AL
H i MCs {25 9 9 A B9 0T 95 32 B2 45 TR T milr [ fiRt
B, HIAEkE A I &L, MCs 1R & %
it AT B e S ot BT A R A H e R AT
3¢ B ok SR figt B AR 1T RESE L A mlr B AR A& 1 R iR
MCs, T CRE At i v T B A I3 i 35 DR B 2% fi Tl
WA AE , P 7 5 43 B B 2 1) MCs il
A= WREA T, A TEAN AL R S BT R S BT R
— B W] MCs (93E mir FEARRAR S BRI

2) MCs FEfB bl . B P ke
MCs i B A e o, B 9T LA F R RE R
L, AT DGl B A I 1E B 2= A BoR
G TR ARG AT B ) SR ZE Y, OFRI A A
TR, TRART G 5P T AL,
7 J SR FH B PR TR AR il o7 A 7 1) i, DA
PR E MR AR T, AR &t —Fh i fa
FEME. FECRE MCs R

3) WUEYIREfRE MCs BIRETR S5 X R CR Y
MR T B — LRSS o I e )
AR W) Bt MCs (R TS S5 A0 R A T TR fift
Br, ATLLER TR IR R E R, S S
% 5 MCs BIIA P Fn 28 BOLE B 1484k, % A
[FIZKRAE i, T A MR T A5 A8 S R AR AR Z ]
(P

S 3Tk -
[ 1] Wang S L, LiJS, Zhang B, ef al. Trophic state assess-



553 1 ik

s

SRR A YIS A i R S T R AR DL BT T

223

(2]

[3]

[4]

[51]

[6]

[71]

[81]

[91]

[10]

[11]

[12]

[13]

[14]

ment of global inland waters using a MODIS-derived
Forel-Ule index[J]. Remote Sensing of Environment,
2018, 217: 444 — 460.

KA, 4RME, BheE, S BT MTTRY iR
PEA PLBOGIE I 25 43 A RAE B BR A 2 SC [T]. 3R8
Fl2g2alt, 2020, 40 (7): 2528 —2538.

b, BHRYE, LS, S ORISR AR AL
il SRR ] WAk, 2019, 31 (1): 18-27.
FFYE, Bed, B, 5 I R KR GUEENS
Q5 EE MK R D). B, 2021,
42 (7): 3166 —3175.

Kaloudis T, Hiskia A, Triantis T M. Cyanotoxins in
bloom: ever-increasing occurrence and global distribu-
tion of freshwater cyanotoxins from planktic and benthic
cyanobacteria[J]. Toxins, 2022, 14(4): 264.

Euill, BRESC WRKAE RN G R BAER
Jti (0], ) AAET, 2021, 48 (10): 151 —153.
WERL, MR, BREM, & WHOKEIE G R
AR LTI RR A RE N (1], IR, 2018,
39 (11): 4938 —4945.

BN, ERER, LR, & AREEGERNESEME
WhoE R (T, A S|, 2022, 17 (5):
217 - 225.

Ma Y, Liu H H, Du X D, et al. Advances in the toxico-
logy research of microcystins based on omics approac-
hes[J]. Environment International, 2021, 154: 106661.
Zhang W Z, Liu J, Xiao Y X, et al. The impact of Cy-
anobacteria blooms on the aquatic environment and hu-
man health[J]. Toxins, 2022, 14(10): 658.

MR, W2, BT, SO R
AT RFAE B VAL TR B RS 43 4 (9], AR S TR A2 31
2023, 32 (1): 129—-138.

FGR, ERER, fORE, FEEE SRR
REWI I RERE R A RAE . AHIC R S HAd R XU 23
Br 0] ARk, 2024, 36 (1): 52-63.

Onofrio M D, Egerton T A, Reece K S, et al. Spatiotem-
poral distribution of phycotoxins and their co-occur-
rence within nearshore waters[J]. Harmful Algae, 2021,
103: 101993.

Edwards M L, Schaefer A M, McFarland M, et al. De-
tection of numerous phycotoxins in young bull sharks
(Carcharhinus leucas) collected from an estuary of na-
tional significance[J]. Science of the Total Environment,

2023, 857: 159602.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Laureano-Rosario A E, McFarland M, Bradshaw D J,
et al. Dynamics of microcystins and saxitoxin in the In-
dian River Lagoon, Florida[J]. Harmful Algae, 2021,
103: 102012.

Bukaveckas P A, Lesutiené J, Gasiunaité Z R, et al. Mi-
crocystin in aquatic food webs of the Baltic and Ches-
apeake Bay regions[J]. Estuarine, Coastal and Shelf Sci-
ence, 2017, 191: 50 — 59.

Svir¢ev Z, Lali¢ D, Bojadzija Savi¢ G, et al. Global geo-
graphical and historical overview of cyanotoxin distribu-
tion and cyanobacterial poisonings[J]. Archives of Tox-
icology, 2019, 93(9): 2429 — 2481.

kA, BRIEHE, mZ5E, % MRS RERE
Paucibacter sp. CH T# %) 73 85 % e O R A ke tk (D],
iR, 2014, 35 (1): 313 -318.

B, B, B R, —PREE IR R R I B
e BN TR 19 03 1 S T AR ATT 9T (7). BRI
4R, 2017, 37 (1): 201-206

Preece E P, Hardy F J, Moore B C, et al. A review of mi-
crocystin detections in estuarine and marine waters: en-
vironmental implications and human health risk[J].
Harmful Algae, 2017, 61: 31 — 45.

FGEH, RLAE, B, FOMEETRAEYSIN
R HAG I (23 T 2 Wy 2 F g sk (0], e W AR
J&, 2012, 2 (5): 328-334.

Zhou C C, Chen H, Zhao H P, et al. Microcystin biosyn-
thesis and toxic effects[J]. Algal Research, 2021, 55:
102277.

HRR, 85, W, 55 BT A
KA R 0. 107 R (HRRF
JiR), 2015, 42 (1): 85-90

K. R B LU 4 S R 2 T A K K B B M B
¢ [D]. GHE: SHETALR ¥, 2020.

Kaebernick M, Neilan B A, Borner T, ef al. Light and the
transcriptional response of the microcystin biosynthesis
gene cluster[J]. Applied and Environmental Microbio-
logy, 2000, 66(8): 3387 — 3392.

Scherer P I, Raeder U, Geist J, ef al. Influence of temper-
ature, mixing, and addition of microcystin-LR on micro-
cystin gene expression in Microcystis aeruginosall].
MicrobiologyOpen, 2017, 6(1): €00393.

Zhou Y P, Li X, Xia Q Q, et al. Transcriptomic survey
on the microcystins production and growth of Micro-

cystis aeruginosa under nitrogen starvation[J]. Science


https://doi.org/10.1016/j.rse.2018.08.026
https://doi.org/10.18307/2019.0102
https://doi.org/10.3390/toxins14040264
https://doi.org/10.3969/j.issn.1007-1865.2021.10.056
https://doi.org/10.7524/AJE.1673-5897.20211014002
https://doi.org/10.1016/j.envint.2021.106661
https://doi.org/10.3390/toxins14100658
https://doi.org/10.18307/2024.0113
https://doi.org/10.1016/j.hal.2021.101993
https://doi.org/10.1016/j.scitotenv.2022.159602
https://doi.org/10.1016/j.hal.2021.102012
https://doi.org/10.1016/j.ecss.2017.04.016
https://doi.org/10.1016/j.ecss.2017.04.016
https://doi.org/10.1016/j.ecss.2017.04.016
https://doi.org/10.1007/s00204-019-02524-4
https://doi.org/10.1007/s00204-019-02524-4
https://doi.org/10.1007/s00204-019-02524-4
https://doi.org/10.1016/j.hal.2016.11.006
https://doi.org/10.3969/j.issn.2095-2341.2012.05.04
https://doi.org/10.3969/j.issn.2095-2341.2012.05.04
https://doi.org/10.1016/j.algal.2021.102277
https://doi.org/10.3969/j.issn.1000-5846.2015.01.015
https://doi.org/10.3969/j.issn.1000-5846.2015.01.015
https://doi.org/10.3969/j.issn.1000-5846.2015.01.015
https://doi.org/10.3969/j.issn.1000-5846.2015.01.015
https://doi.org/10.3969/j.issn.1000-5846.2015.01.015
https://doi.org/10.1128/AEM.66.8.3387-3392.2000
https://doi.org/10.1128/AEM.66.8.3387-3392.2000
https://doi.org/10.1128/AEM.66.8.3387-3392.2000
https://doi.org/10.1002/mbo3.393
https://doi.org/10.1016/j.scitotenv.2019.134501

224

wmo

it

5 55 46 &

2

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

of the Total Environment, 2020, 700: 134501.

Buratti F M, Manganelli M, Vichi S, et al. Cyanotoxins:
producing organisms, occurrence, toxicity, mechanism
of action and human health toxicological risk evalua-
tion[J]. Archives of Toxicology, 2017, 91(3): 1049 —
1130.

Du X D, Liu H H, Yuan L, et al. The diversity of cy-
anobacterial toxins on structural characterization, distri-
bution and identification: a systematic review[J]. Tox-
ins, 2019, 11(9): 530.

Bouaicha N, Miles C O, Beach D G, et al. Structural di-
versity, characterization and toxicology of microcys-
tins[J]. Toxins, 2019, 11(12): 714.

Massey I Y, Yang F. A mini review on microcystins and
bacterial degradation [J]. Toxins, 2020, 12(4): 268.
WAL, TRIAIE, TRAIAR, AE. PR R LGNE
X IR R R SR A Bt A A 5T [0]. K RS, 2022,
41 (6): 1017 -1022.

EmeE, AR, WP, % RS E RN R
g7 . FEVEFIERTEAE AL BTSR[], A a ey
%, 2016, 11 (3): 61—71.

Onyango D M, Orina P S, Ramkat R C, et al. Review of
current state of knowledge of microcystin and its im-
pacts on fish in Lake VictorialJ]. Lakes & Reservoirs:
Science, Policy and Management for Sustainable Use,
2020, 25(3): 350-361.

Shi L J, Du X D, Liu H H, ef al. Update on the adverse
effects of microcystins on the liver[J]. Environmental
Research, 2021, 195: 110890.

Yuan M C, Carmichael W W, Hilborn E D. Microcystin
analysis in human sera and liver from human fatalities in
Caruaru, Brazil 1996[J]. Toxicon, 2006, 48(6): 627 —
640.

LIRS E S SUPNeL3: 3 ALY P E A T
it (3], #ARk:, 2009, 21 (5): 603 - 613.
Alosman M, Cao L H, Massey 1 Y, et al. The lethal ef-
fects and determinants of microcystin-LR on heart: a
mini review [J]. Toxin Reviews, 2021, 40(4): 517 — 526.
Zhang S Y, Du X D, Liu H H, ef al. The latest advances
in the reproductive toxicity of microcystin-LR [J]. Envir-
onmental Research, 2021, 192: 110254.

Cao L H, Massey 1 Y, Feng H, et al. A review of cardi-
ovascular toxicity of microcystins[J]. Toxins, 2019,

11(9): 507.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

BoNTF, Bk, RODIN, A EEEER-LR KK
R EE AN BUE S AR . 6 TS
PI3K/AKT {5 53@ % [J]. By ERLR 244, 2022,
42 (10): 1486 —1494.

RN, T BEBETE R AT A SRR [J]. GRS
ZI5ER, 2018 (6): 99

Bourne D G, Riddles P, Jones G J, et al. Characterisa-
tion of a gene cluster involved in bacterial degradation of
the cyanobacterial toxin microcystin LR[J]. Environ-
mental Toxicology, 2001, 16(6): 523 — 534.

Dziga D, Wladyka B, Zielifiska G, et al. Heterologous
expression and characterisation of microcystinase[J].
Toxicon, 2012, 59(5): 578 — 586.

Zhu X Y, Shen Y T, Chen X G, et al. Biodegradation
mechanism of microcystin-LR by a novel isolate of
Rhizobium sp. TH and the evolutionary origin of the
milrd gene[J]. International Biodeterioration & Biode-
gradation, 2016, 115: 17 —25.

Sun H H, Wang H S, Zhan H F, et al. Bioinformatic ana-
lyses and enzymatic properties of microcystinase[J].
Algal Research, 2021, 55: 102244.

Xu Q Q, Fan J H, Yan H, et al. Structural basis of micro-
cystinase activity for biodegrading microcystin-LR[J].
Chemosphere, 2019, 236: 124281.

WE, ERA, S, % RN RE R R
MIrA (19 25 44 Zy fig 3 M 0], 4 T2 4, 2021,
72 (3): 1643 — 1653.

Cai D P, Wei J, Huang F Y, ef al. The detoxification
activities and mechanisms of microcystinase towards
MC-LR[J]. Ecotoxicology and Environmental Safety,
2022,236: 113436.

Shimizu K, Maseda H, Okano K, et al. Enzymatic path-
way for biodegrading microcystin LR in Sphingopyxis
sp. C-1[J]. Journal of Bioscience and Bioengineering,
2012, 114(6): 630 — 634.

Dziga D, Zielinska G, Wladyka B, et al. Characteriza-
tion of enzymatic activity of MIrB and MIrC proteins in-
volved in bacterial degradation of cyanotoxins micro-
cystins[J]. Toxins, 2016, 8(3): 76.

Wei J, Huang F Y, Feng H, ef al. Characterization and
mechanism of linearized-microcystinase involved in bac-
terial degradation of microcystins [J]. Frontiers in Micro-
biology, 2021, 12: 646084.

WLIBE 25 . Rhizobium sp. TH T [ i 10088 2 E O HLEE


https://doi.org/10.1016/j.scitotenv.2019.134501
https://doi.org/10.1007/s00204-016-1913-6
https://doi.org/10.3390/toxins11090530
https://doi.org/10.3390/toxins11090530
https://doi.org/10.3390/toxins11120714
https://doi.org/10.3390/toxins12040268
https://doi.org/10.1016/j.envres.2021.110890
https://doi.org/10.1016/j.envres.2021.110890
https://doi.org/10.1016/j.toxicon.2006.07.031
https://doi.org/10.3321/j.issn:1003-5427.2009.05.001
https://doi.org/10.1080/15569543.2019.1711417
https://doi.org/10.1016/j.envres.2020.110254
https://doi.org/10.1016/j.envres.2020.110254
https://doi.org/10.3390/toxins11090507
https://doi.org/10.12122/j.issn.1673-4254.2022.10.07
https://doi.org/10.1002/tox.10013
https://doi.org/10.1002/tox.10013
https://doi.org/10.1016/j.toxicon.2012.01.001
https://doi.org/10.1016/j.algal.2021.102244
https://doi.org/10.1016/j.chemosphere.2019.07.012
https://doi.org/10.1016/j.ecoenv.2022.113436
https://doi.org/10.1016/j.jbiosc.2012.07.004
https://doi.org/10.3390/toxins8030076
https://doi.org/10.3389/fmicb.2021.646084
https://doi.org/10.3389/fmicb.2021.646084
https://doi.org/10.3389/fmicb.2021.646084

553 1 ik

s

SRR A YIS A i R S T R AR DL BT T

225

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

B mird FEH BEACRIE [D]. BB BB T RE,
2016.

Singh D P, Prabha R, Keshri V, et al. Structure predic-
tion and binding site analysis of hepatotoxic microcystin-
LR degrading MIrC-like protein from Burkholderia sp.
using computational approaches[J]. American Journal of
Bioinformatics, 2016, 5(1): 1 — 9.

Wang R P, Li J M, Li J. Functional and structural ana-
lyses for MIrC enzyme of Novosphingobium sp. THN1 in
microcystin-biodegradation: involving optimized hetero-
logous expression, bioinformatics and site-directed muta-
genesis [J]. Chemosphere, 2020, 255: 126906.

Okano K, Shimizu K, Maseda H, ef al. Whole-genome
sequence of the microcystin-degrading bacterium Sphin-
gopyxis sp. strain C-1[J]. Genome Announcements,
2015, 3(4): e00838 — 15.

Jin H Y, Nishizawa T, Guo Y, ef al. Complete genome
sequence of a microcystin-degrading bacterium, Sphin-
gosinicella microcystinivorans strain B-9[J]. Microbio-
logy Resource Announcements, 2018, 7(9): e00898 — 18.
Jin H'Y, Hiraoka Y, Okuma Y, ef al. Microbial degrada-
tion of amino acid-containing compounds using the mi-
crocystin-degrading bacterial strain B-9[J]. Marine
Drugs, 2018, 16(2): 50.

Yan H, Wang J F, Chen J, ef al. Characterization of the
first step involved in enzymatic pathway for microcystin-
RR biodegraded by Sphingopyxis sp. USTB-05[J].
Chemosphere, 2012, 87(1): 12 — 18.

Saito T, Okano K, Park H D, et al. Detection and sequen-
cing of the microcystin LR-degrading gene, mir4, from
new bacteria isolated from Japanese lakes [J]. FEMS Mi-
crobiology Letters, 2003, 229(2): 271 — 276.

Krishnan A, Zhang Y Q, Mou X Z. Isolation and charac-
terization of microcystin-degrading bacteria from Lake
Erie[J]. Bulletin of Environmental Contamination and
Toxicology, 2018, 101(5): 617 — 623.

Huang F Y, Feng H, Li X Y, et al. Anaerobic degrada-
tion of microcystin-LR by an indigenous bacterial En-
terobacter sp. YF3[J]. Journal of Toxicology and Envir-
onmental Health, Part A, 2019, 82(21): 1120 — 1128.

Qin L, Zhang X X, Chen X G, et al. Isolation of a novel
microcystin-degrading bacterium and the evolutionary
origin of mlr gene cluster[J]. Toxins, 2019, 11(5): 269.
Wang R P, Li J M, Jiang Y G, et al. Heterologous ex-

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

pression of mlrA gene originated from Novosphingobi-
um sp. THN1 to degrade microcystin-RR and identify the
first step involved in degradation pathway[J]. Chemo-
sphere, 2017, 184: 159 — 167.

Bourne D G, Jones G J, Blakeley R L, et al. Enzymatic
pathway for the bacterial degradation of the cyanobac-
terial cyclic peptide toxin microcystin LR[J]. Applied
and Environmental Microbiology, 1996, 62(11): 4086 —
4094.

Zhang J, Lu Q Q, Ding Q, ef al. A novel and native mi-
crocystin-degrading bacterium of Sphingopyxis sp. isol-
ated from Lake Taihu[J]. International Journal of Envir-
onmental Research and Public Health, 2017, 14(10):
1187.

Ding Q, Liu K Y, Xu K, ef al. Further understanding of
degradation pathways of microcystin-LR by an indigen-
ous Sphingopyxis sp. in environmentally relevant pollu-
tion concentrations[J]. Toxins, 2018, 10(12): 536.

Wang H S, Yan H, Ma S, ef al. Characterization of the
second and third steps in the enzymatic pathway for mi-
crocystin-RR biodegradation by Sphingopyxis sp. USTB-
05[J]. Annals of Microbiology, 2015, 65(1): 495 — 502.
XuHM, Wang H S, Xu Q Q, et al. Pathway for biode-
grading microcystin-YR by Sphingopyxis sp. USTB-
05[J]. PLoS One, 2015, 10(4): €0124425.

Ding Q, Liu K Y, Song Z Q, et al. Effects of micro-
cystin-LR on metabolic functions and structure succes-
sion of sediment bacterial community under anaerobic
conditions [J]. Toxins, 2020, 12(3): 183.

Bao Z Y, Wu Y. Biodegradation of microcystin-LR by
an amino acid-degrading anaerobic bacterium[J]. Desal-
ination and Water Treatment, 2016, 57(2): 870 — 880.

RR BH¥¢. CI5 T B At MCLR (i i 420158 [D]. &
B RBILTRE:, 2014,

Ding Q, Song X L, Yuan M X, et al. Multiple pathways
for the anaerobic biodegradation of microcystin-LR in
the enriched microbial communities from Lake
Taihu[J]. Environmental Pollution, 2022, 297: 118787.
Zeng Y H, Cai Z H, Zhu J M, et al. Two hierarchical
LuxR-LuxI type quorum sensing systems in Novosphin-
gobium activate microcystin degradation through tran-
scriptional regulation of the m/r pathway[J]. Water Re-
search, 2020, 183: 116092.

Shen R Y, Chen Z H, Dong X N, ef al. Biodegradation


https://doi.org/10.1016/j.chemosphere.2020.126906
https://doi.org/10.3390/md16020050
https://doi.org/10.3390/md16020050
https://doi.org/10.1016/j.chemosphere.2011.11.030
https://doi.org/10.1016/S0378-1097(03)00847-4
https://doi.org/10.1016/S0378-1097(03)00847-4
https://doi.org/10.1016/S0378-1097(03)00847-4
https://doi.org/10.1007/s00128-018-2468-4
https://doi.org/10.1007/s00128-018-2468-4
https://doi.org/10.1080/15287394.2019.1699345
https://doi.org/10.1080/15287394.2019.1699345
https://doi.org/10.1080/15287394.2019.1699345
https://doi.org/10.3390/toxins11050269
https://doi.org/10.1016/j.chemosphere.2017.05.086
https://doi.org/10.1016/j.chemosphere.2017.05.086
https://doi.org/10.1128/aem.62.11.4086-4094.1996
https://doi.org/10.1128/aem.62.11.4086-4094.1996
https://doi.org/10.3390/ijerph14101187
https://doi.org/10.3390/ijerph14101187
https://doi.org/10.3390/ijerph14101187
https://doi.org/10.3390/toxins10120536
https://doi.org/10.1007/s13213-014-0885-0
https://doi.org/10.1371/journal.pone.0124425
https://doi.org/10.3390/toxins12030183
https://doi.org/10.1080/19443994.2014.969316
https://doi.org/10.1080/19443994.2014.969316
https://doi.org/10.1016/j.envpol.2022.118787
https://doi.org/10.1016/j.watres.2020.116092
https://doi.org/10.1016/j.watres.2020.116092
https://doi.org/10.1016/j.watres.2020.116092

226 P A | 55 46 4
kinetics of microcystins-LR crude extract by Lysinibacil- amritsarensis strain against Microcystis aeruginosa
lus boronitolerans strain CQ5[J]. Annals of Microbio- strongly inhibits microcystin synthesis simultaneou-
logy, 2019, 69(12): 1259 — 1266. sly[J]. Science of the Total Environment, 2019, 650

[76] Yang F, Zhou Y L, Yin L H, et al. Microcystin-degrad- (Pt 1): 34 —43.
ing activity of an indigenous bacterial strain Stenotro- [84] Pal M, Purohit H J, Qureshi A. Genomic insight for algi-
phomonas acidaminiphila MC-LTH?2 isolated from Lake cidal activity in Rhizobium strain AQ MP[J]. Archives
Taihu[J]. PLoS One, 2014, 9(1): €86216. of Microbiology, 2021, 203(8): 5193 — 5203.

[77] Yang F, Huang F Y, Feng H, ef al. A complete route for [85] Boonbangkeng D, Thiemsorn W, Ruangrit K, et al. Pro-
biodegradation of potentially carcinogenic cyanotoxin moting the simultaneous removal of Microcystis bloom
microcystin-LR in a novel indigenous bacterium[J]. Wa- and microcystin-RR by Bacillus sp. AK3 immobilized on
ter Research, 2020, 174: 115638. floating porous glass pellets [J]. Journal of Applied Phy-

[78] Zeng Y H, Cheng K K, Cai Z H, et al. Transcriptome cology, 2022, 34(3): 1513 — 1525.
analysis expands the potential roles of quorum sensing in [86] Ren G F, He X H, Wu P, et al. Biodegradation of micro-
biodegradation and physiological responses to microcys- cystin-RR and nutrient pollutants using Sphingopyxis sp.
tin[J]. Science of the Total Environment, 2021, 771: YF1 immobilized activated carbon fibers-sodium algin-
145437. ate[J]. Environmental Science and Pollution Research,

[79] Idroos F S, De Silva B, Manage P M. Biodegradation of 2020, 27(10): 10811 — 10821.
microcystin analogues by Stenotrophomonas maltophil- [87] Mawang C I, Azman A S, Fuad A S M, et al. Actinobac-
ia isolated from Beira Lake Sri Lanka[J]. Journal of the teria: an eco-friendly and promising technology for the
National Science Foundation of Sri Lanka, 2017, 45(2): bioaugmentation of contaminants [J]. Biotechnology Re-
91 —99. ports, 2021, 32: ¢00679.

[80] Yang F, Guo J, Huang F Y, et al. Removal of micro- [88] T ¥H. 5 & Wt B am Ak A T Hb b 7 3% 5 3 75 &
cystin-LR by a novel native effective bacterial com- LR HLHIBFSE [D]. M. BR R, 2017.
munity designated as YFMCD4 isolated from Lake [89] Wang R, Tai Y P, Wan X, et al. Enhanced removal of
Taihu[J]. Toxins, 2018, 10(9): 363. Microcystis bloom and microcystin-LR using microcosm

[81] Kang Y H, Park C S, Han M S. Pseudomonas aeru- constructed wetlands with bioaugmentation of degrading
ginosa UCBPP-PA14 a useful bacterium capable of lys- bacteria[J]. Chemosphere, 2018, 210: 29 — 37.
ing Microcystis aeruginosa cells and degrading micro- [90] Kumar P, Hegde K, Brar S K, et al. Co-culturing of nat-
cystins[J]. Journal of Applied Phycology, 2012, 24(6): ive bacteria from drinking water treatment plant with
1517 — 1525. known degraders to accelerate microcystin-LR removal

[82] LiH, Ai HN, Kang L, et al. Simultaneous Microcystis using biofilter[J]. Chemical Engineering Journal, 2020,
algicidal and microcystin degrading capability by a 383: 123090.
single Acinetobacter bacterial strain[J]. Environmental [91] EWZ, wlizsk, ZFEIE. BN 7L Yo b)) ik
Science & Technology, 2016, 50(21): 11903 — 11911. T B % P A B T s b i VR FR A SR R S (0. R

[83] YuY, Zeng Y D, Li J, et al. An algicidal Streptomyces SR, 2022, 33 (10): 2871 —2880.


https://doi.org/10.1007/s13213-019-01510-6
https://doi.org/10.1007/s13213-019-01510-6
https://doi.org/10.1007/s13213-019-01510-6
https://doi.org/10.1371/journal.pone.0086216
https://doi.org/10.1016/j.watres.2020.115638
https://doi.org/10.1016/j.watres.2020.115638
https://doi.org/10.1016/j.scitotenv.2021.145437
https://doi.org/10.4038/jnsfsr.v45i2.8175
https://doi.org/10.4038/jnsfsr.v45i2.8175
https://doi.org/10.3390/toxins10090363
https://doi.org/10.1007/s10811-012-9812-6
https://doi.org/10.1007/s00203-021-02496-z
https://doi.org/10.1007/s00203-021-02496-z
https://doi.org/10.1007/s10811-022-02701-6
https://doi.org/10.1007/s10811-022-02701-6
https://doi.org/10.1007/s10811-022-02701-6
https://doi.org/10.1007/s11356-020-07640-8
https://doi.org/10.1016/j.btre.2021.e00679
https://doi.org/10.1016/j.btre.2021.e00679
https://doi.org/10.1016/j.btre.2021.e00679
https://doi.org/10.1016/j.chemosphere.2018.06.140
https://doi.org/10.1016/j.cej.2019.123090

55 3 1 s OB MBI YIRS S R R R L BT R 227

The research progress on the degradation mechanism of microcystins
in water by environmental microbes

ZHANG He', XU Wenchang', YUAN Yan', XU Jingyi', MA Yantian®
(1. College of Life Science, Jiangxi Science and Technology Normal University, Nanchang 330013, China;
2. College of Life Science, Nanchang University, Nanchang 330031, China)

Abstract: Over the past few years, the issue of Cyanobacteria bloom pollution has escalated due to the com-
bined impacts of global warming and eutrophication in aquatic systems. This has resulted in the release of toxic
microcystins (MCs), posing a significant threat to human health and aquatic ecosystems. Effectively controlling
and eliminating MCs from water bodies is a pressing global challenge. Fortunately, prior research has demon-
strated that microbial degradation of MCs presents an efficient and environmentally friendly solution. This re-
view explores the production, structure, and toxicity of MCs, with a focus on summarizing global advance-
ments in enzymatic degradation pathways, degradation enzymes, and degradation genes associated with MCs.
Additionally, it also analyzes the potential applications of microbial degradation bacteria in the ecological res-
toration of water bodies. Furthermore, the paper delves into future research directions, including alternative
pathways for non-m/r-mediated MCs degradation mechanisms, optimizing the expression of MCs-degrading en-
zymes, and constructing highly efficient dual-functional degradation bacteria. These perspectives aim to deepen
human’s understanding of microbial degradation mechanisms of MCs and provide innovative solutions to ad-
dress the global challenge of MCs contamination in water bodies.

Key words: Cyanobacteria blooms; microcystins; microbial degradation; ecological restoration; degradation me-

chanism
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