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Abstract: Microcystins (MCs) caused by cyanobacterial blooms are a serious threat to aquatic ecosystems and are one of
the environmental hotspots of global concern. In the past, focuses were on the toxicity of MCs to plants and animals, and
there is a lack of reviews on the interactions between MCs and microbial communities. Therefore, this review aims to
explore the effects of MCs on microbial ecology and function in aquatic environments, summarises the chemical structure
and toxicity characteristics of MCs, elucidates the distribution characteristics of MCs in typical waters, and focuses on the
effects of MCs on microbial communities. The degradation mechanism of MCs by functional microorganisms was also
discussed. MCs have toxic effects on microbial communities, affecting the nitrogen and phosphorus cycles in raw water
ecosystems, altering the metabolic capacity of microbial communities and ecosystem functions, and then negatively affecting
the balance and stability of the whole microbial ecosystem. This article further summarizes and projects the response mecha-
nisms of microbial communities to MCs pollution in aquatic ecosystems, providing valuable insights for the control of water
pollution caused by MCs.
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Fig.1 Concentrations and isomer distributions of MCs in global water bodies
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Fig.2 Concentration and distribution of MCs in typical water bodies: a global perspective
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VR 52, Ry i — DR R MCs (1A= W) B g B 42
HEEREZEL R,

H T, X MCs [ 41 B () A 5 32 224 vh T 2
BRI AN ST TR AT A SR AT T LR 2
Pt T P L TR Sk T TR B A PR T B
T O MCs B (R 1) o Horb, Lemes 55 5 4 1E
T AT R T DA% MC-LR ., Valeria 2™ 5%
2% B Sphingomonas sp. CBA4 1 £ BE % 7£ 36 h PN
MC-RR [%f# 2 JL-F 5 2 TH K 7K. Bacillus sp.
AMRI-03 ZFFT#I7E 5 d N RENS 5 %% MC-RR™,
Ding 25 % P Sphingopyxis sp. m6 A] 7 4 h N 5 4=
W& fift MC-LR, I % T MC—-LR [ 8 FltAS [ [ fif 7=
Y. Gao SE\WIF 5% & I 2 B & 18 & (Sphingopyxis
sp. ) & AW K A B S B A MCs [ 1, 3X 55 Wei
LI AE R — 2, Hok AR TCAMMaR IR 454 F
— W BT 7 A 3 2R [ A 1 Sphingopyxis sp. YF1 fig
TR I BHERR , 7E 120 min N 582 F# Adda &
MC-LR"™, Sphingopyxis sp. BJ#7 B #E YF1 09 & L, [
H1'T MC-LR AW R R IL, A3 04 MCs 15
JLIREE R R TORTLA

F1  #5 MCs FERAREMPERERINGEERE ST
Table 1 Analysis of degradation efficiency and functional genes of some MC-degrading bacteria
el A RAfE MC Bk Pl )iz 5% &S E= BTN
Bacillus sp. AMRI-03 MC-RR mirA 1E 5 d N 5E 2 Ff# MC—RR [90]
Arthrobacter sp. MC-LR 1£72 h 4 7R H MC-LR FY 2Bk [86]
Sphingomonas sp. CBA4 MC-RR £ 36 h NI MC-RR B 2 LF-5¢ 2l e K F [89]
Sphingomonas sp. MD—1 MC-LR mlrA 1E 24 h N 5E 44 f# MC—-LR [92]

Stenotrophomonas maltophilia 4B4

MC-LR
MC-LR

Pseudomonas sp. DMXS
Sphingopyxis sp. m6

MC-LR .MC-RR MC-LF mirA/B/CID

MC-LR 7E 10 d N5 F,
fif MC—RR Al MC-LF { BRI 7E 12 d f1 14 d Y

TE 24 d N St
TE 4 h P58 24 MC-LR

[87]

[88]
[91]
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I 53T AP I A: PR i MCs BRI e
A B T8 78 MCs [ iR 12 S o0 . Seai o ar
T W NN, mir LR 2 MCs BRI, i mirA |
mlrB .mlrC Fl mirD 20 B, v mirA 7€ MCs 1) A 55 b
fife R EAE ™, Dziga %M ] mirA 25 1)
Hipks ok A T i MCs A RS, JT4 Hoge Ak I agni AR
W EWRT AR IR S T s R T S mirA SRR TR
PR, AT HEFEUMC-LR FEfffE i3, —Leiiosdg i,
H5EA mlr R M EA L, 5= mir ZH AR 5
MCs Ve Ji£ [B] B AR DGR T 2y, R 1R I e ELA R fif e A
PEA LGP RE T AT AN = mir 2 D O 4 TR AE
PRI e MCs Hh & 4% T SRS

FEI 1KY 30 B B AR AR T TR T T RIAUAT T4

[ B 200 R Xt Tk MCs % T SR L 2T
REY AR RN 8T, o~ A B~ TE
B 24 y— 2 R 2 1 2 JEE 23 Bifl MCs FEfigt AN BT84
XA R 7E MCs B f h in 2 2 i F = W
TR BRA ™

VABE N BN , Sl i v i 9 s FR TR R
B B MR S A PR A S0 , BE
PR e SR P B MCs 5 5% , IFFERE S MCs B e
KA EEAE N o XA Yk B BA B A% MCs 1Y
REJT, BN TR i WS s MCs SR
HAEET R RO E . H T, [ N SMRIE REAS 3% MCs
(R ERRR 2235 50 Z2 7k (70 AT A MCs I A LR 2)
I E AU YR S S L S PN R 01 s

R2 EMCsHEEEXHHER

Table 2 Bacteria involved in the degradation of MCs

Il | B J& EZ DTN
H LA 8 (Methylotenera) [98]
117 [C B (Burkholderiaceae ) [97]
R34 % B (Acidimicrobiaceae ) [99]
A e %2 % FC A (Neisseriaceae)
L &E%Hﬂ%f# (Comamonadaceae )
[29]
BT TATF AR (Microbacteriaceae )
e 15 JL T B £ (Chitinophagaceae )
a I |
BE N (821
R 1A
R [65]
R 24 P
S5 W & T JE (Sphingopyxis sp.) 93]
S E & (Aeromonas) [77]

ZEAFT TR E (Bacillus) . AT # & (Enterobacter) |

AEhHTF# R (Acinetobacter) . 3P4 [C & (Frateuria) (100]
R B & (Pseudomonas aeruginosa) [101]
AT (Ralstonia solanacearum) [102]
Sphingomonas J& (i 2B HLHL B ) [103]
MEEHEREE (Poterioochromonas ) [104]
AP /R P8R (Burkholderia) [105]

JGAT I & (Brevibacterium ) |
21 BRI & (21 ER T Rhodococcus ) [106]
PEARICE R (5 [ERFE Kurthia gibsonii) [107]
Stenotrophomonas J& (TR 5L 5= B TR ) [108]

LRARAE A YA v AL U8 1T MCs 19 A R
fige R4 TR A, KRR BB B VR 5 MCs
P14 A ol B 3 i 5 DDA G, I U 38 8 T MCs Y 4% T
J14x T FOK IR P i A My v o AR 3 IO S AL
i, T BB A 45 4 S TR A AR S e e D S
DR A AR i A Y RO o 3 o8 A W i AN BB
AR BT A MCs BE T YT RETA , AT A8 58 1 e i

MCs HEIRE T . HAT, B R B Z R AP B A%
fifk MCs 1) I RE , Her LA 220 50 T s 10 b 2 B

W o I 3T RSP ST AR W i MCs TR Y
HIBE , mirA 1 MCs (A S0 Pl H B EAE . X
BB 5 Ry TN BRLfi MCs R fif B B2 A 1 OC i 4k
RN T A DA A Wy K i MCs 35 e HoA T B
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MCs XK AEZS RGP I A - A 7)1z
. A RTIERIT, MCs X A= M i A= 252 AR B
At R 207 IS

(DX AE YR (AR ST . MCs Tl HAEY)
BEVE R 0 20 T 19 A R i, T BB I A ) 22 R At
RKIESRGEIIRERBIR

(2) XA W A BE T 8952 . MCs RS 3
M 7K R B A 2 8 A e, G 9 0 i P R R 2 R
o X ] RE S EUK A R S A AR R UL,
XPEEA K AR S R GRS E ™ A ST

(3) XA WA v 4 A 5 AU 2R . MCs 7R
A WA I A R RN D) REAR E HH I R M (O, RS
MCs B8 5 1R, 2 fe b5 e 40 e 2R 1, 39 A L8 4
[ OE SV EZ S

(4)EFR I IIRE RN MCs FUREAR . TR WIRET
AR T 1 AN W s P A 2 SR 25 MCs /Y
Beesitt, BT R AR U HIZ mirA , RERSA R A% MCs .

H AR5 24 TR 7E MCs X5 AR P sl R
KBRSk = 42T A 2R G PERTSE , H X MCs Aifi]
SEMATICE IR 73 FHLH T AR BR , B = IRA B 212
Ve AL A BIE S o e St TR R 2T I 2 R
ZHEERIBTTT , AR T AR R B A 2
B, M ARG T MCs XK A S R G R
Yot 52

MCs X /KA Z5 R GURY RS — NS 2 L, B
AL R TS0 X A 47 K A AR 2P B OC H EE
MCs AU 7K BT 22 A Fl AR 25 R G R , B AR IR
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