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Effects of Allelochemical EMA from Reed on the Production and Release of

Cyanotoxins in Microcystis aeruginosa
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Abstract: The growth inhibition of ethyl-2-methylacetoacetate (EMA) isolated from common reed ( Phragmites australis Trin. or Phragmites
communis Trin.) on the growth of Microcystis aeruginosa PCCT806 was investigated and the intracellular and extracellular concentration of
cyanotoxin (MC-LR) after treatment of EMA were tested. The experimental results indicated that EMA has significant inhibitory effect on the
growth of M . aeruginosa PCC7806, and the value of ECs),,q was 2.0 mg*L™". However, the inhibition declined with the cultivation time.
During the whole cultivation period; EMA showed no significant effect on the release of MC-LR from cells to the culture. After 7 days, the
amount of intracellular MC-LR per cell unit increased with the increasing of EMA concentration. The amount of MC-LR per cell unit was 25
ng*(10° cells) ™" after the treatment with 1.5 mg*L™" EMA, which was increased by 39% compared with the control. The total MC-LR
production Cincluding intracellular and extracellular MC-LR) first slightly increased and then decreased significantly with the increase of EMA
concentration. Afier the treatment with 3 mg*L.™" EMA, the total MC-LR production was 28 pg*L™" Conly half of that in the control). After
16 days, EMA showed no significant effect on both the amount of MC-LR per cell and the total MC-LR production.

Key words: Microcystis aeruginosa; cyanotoxins; MC-LR; ethyl-2-methylacetoacetate; water bloom control; reed ( Phragmites australis Trin.
or Phragmites communis Trin. )
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Table 1 Composition of BG11 medium/mg* L~

i AR

*

2 5y W 2 oy WS
NaNO,; 1500 Na, EDTA 1

K, HPO, *3H, 0 40 H;BO;3 2.86
MgS0, *7H, 0 75 MnCl, *4H, O 1.81
CaCl, *2H, 0 36 ZnS0, *7H,0 0.22
FriEig 6 CuS0,*5H,0 0.079
Ty A8 P 0k e 6 Na, MoO, *2H, 0 0.39
Na, COs 20 Co(NO; ), *6H, 0 0.049
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14 h:10 hi N LRGP TR 16 d.
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O EAT U E, T A R AR R R EOR
SPATVRE 2 U0, OB AE A A T B
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Ji » GV VR T8, PR Sy e 5 40 e T 2
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Fig.1  Growth curve of Microcystis aeruginosa PCC7806
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Fig.2  Inhibition curve of EMA on Microcystis aeruginosa PCC7806
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EMA EFE00 5 FRT 1 8 P T 4 4 fl 3 38 8 I
T BRI R FH A AR R B g R, B
ARG LN MC-LR 17 AR B RAT B 2 BT E s
EMA #0015 5 5 40 I 1) Hs O) 17 78 BARKF, B A
TR R EELE Mk T N6 EMA R4 £ BT 3 i 1) Ak
V13175 CATIEEEEA Y T DRaka S SIE A b iy 1§
EAMMAMREE RSE 2 fH&E: — AT ASE
KIRE TR U A e, — 2 SR IA T P8 . EMA (1)
AFAEAE A — PRI 30, A7 355 40 M K B 50 2 Mo ]
TR R G X0 E sl A K g2 ig ) —
AR AL

Kearns 25 NP2 (050 5 TR AR IR A 403 )
RERE (L E /K A ) 3 P 2R B2 R 17 A s Jang E YN
FRAIE T 5 B 244 ) ¢ o 0 5 1 6 B R) 82 S5 R i sh )
R EOES N, B A7 T F e 4l ™~ AR s R R
WG, b AL R SN T 4 6%, [FFE,
FEG3—TFF 5 Pt i A S ol 0 35 1 3% 27 P I N A
AR e PSS, B A7 A T S AR R
I B2 | IR S TR B ) AN £

RS IPNE P e S A ) e 1 s S
A BLAL, HH T4 B4 5T EMA 25 25 Tl 3 5 (1)
A A T g, T 2 A1 3 Al B 52 210455 3 if 7 AR
Z [T F R ANEX — BB, JE T — i S N
Cinducible defense) LR )

BEFE 16 d I » EMA X 4 £ ok 2 g 1) A= K sl 4
FHYRSS 15 R (0 B 20 i e 52 A K, BB, F
M h MC-LR 15 5B EMA £ FE 1138 K A7 56
Tt 51 J5 BEAR R A, (HIX SE AR A 5 B 35 (R, ]
LLA A 575 16 d Joi » EMA X35 77 - 4 2ot ol 3% 8 e
W MC-LR /2B e B4 F 9% 59, 5000 EMA 1) 55 56
1Ly MC-LR 7% R AWK ST 20 ALK

AR B FRIA], ) O AMRE ) MC-LR () 5 3E
Wb (< 5% ), R T Z08 AN T, W) B A 35 41 iy
MC-LR 75 25 G AH N 1 35 5% B 0 o (8 R n] 75 320 85
FEWA ) B F29 b B = 2B ) MC-LR S 5.7 d A 16 d
i MC-LR M= sl 4 Fros 5595 7 d Ja, B 9%
T MC-LR 7™ A2 S Bl EMA $3 094 52 16 385 o 2 384
KIG U, EMA B E S 3 mge L™ I, MC-LR /™~
AR R E D MC-LR 774 SR RN A0
MC-LR 7= A5 5 PO B AT % BEAE EMA BN iz
(RGN, 15 77 90 v % R BRI, (] IR B A BE 40 . Y
MC-LR W& T, T2, 75595 7 d J5 MC-LR 7~
A SRR EMA B0V BE I8 InAEAE 1 AN e RS
RN =R

9% 16 d o, R Mh MC-LR 7™ A8 S i [m]
BE EMA $E00A% 52 1R 38 0 A7 1k 59 1 5 14 5 o 1 A2 4k

{EIXFh AR AT AN 2
250
I
@ 7d
T 200 - O16d
2
& 150 |
H
g 100 |-
=
Q
0 1 1 1 1 1

0 0.5 1.0 1.5 2.0 3.0
EMAB K fE/mg-L!

50 A AH B (0 S35 1 28 /KT % % 4 p<0.055 n=3
4 M EMA G MC-LR £ 58
Fig.4 Total amount of MC-LR produced after the addition of EMA

3

(1) EMA X & 35 PCC7806 H A R i A4



2062 7N 58

P

% 28 &

KANFEIEH ) EC,70 M 2.0 mge L™ Bl 35 7% 1 A1) (1)

FEA, FHR B W IG5 S 92 g0 W AE 9T EMA S 4L

P XS PCC7806 MIAMHIZEOR , LLK EMA #0105 i)

B AP A R AR

(2) FEASEL 16 d B FRIN ] Y, EMA X} MC-
LR PR TG Wl 25 52, 5000 EMA B 55 9% W Jifg b
MC-LR ¥ J& 5 ) J 20— FF O FF A2 BAR K, AN T
WHO 15 A B0 7K A r 35 25 22 7 8 1 dse ey BR A
1 pgel™".

(3) AEASI AT T, B 9% 7 d Ja B> e di i o
MC-LR 725 f B EMA B0V FE i T s 56
EMA #HSEHR 1.5 ~ 3.0 mge L™ IR I {2 2% 31X w]
B HH T 40 R 1 15 3 B AL 5 L2 1) 55 9% 16 d
Jii » EMA XS LY MC-LR #7742 6 Wl 25 3¢ i

(4) BRI MC-TR &R BE EMA #5hk J& 1
Th i S9N 3 mge L' 2 kN L R, 7E A
SEEGFE N EMA 00 2 Gl e e K R b, AN Al
FIRCT MC-LR H)EHHTR

B L b R B K AR AR T ST R
SEORAIEGT G S LR A A 8 7 25 M 5 7 VR i i ar
s T B AR T
S k-

L1] Codd G A. Cyanobacterial toxins: occurance, propertiess and
biological significance [J]. Water Science and Technology, 1995,
32(4): 149 ~ 156.

[2] CoddG A. Cyanobacterial toxins, the perception of water quality,
and the prioritysation of eutraphication control [ J]. Ecological
Engineering, 2000, 16(1): 51 ~ 60.

[3] Codd G A, Morrison L F; Metcalf J S. Cyanobacterial toxins: risk
management for health protection [ J]. Toxicology and Applied

Pharmacology, 2005, 203(3): 264 ~272.

[ 4] de Figueiredo D R, Azeiteiro U M, FEsteves S M, e al.
Microcystin-producing blooms-a serious global public health issue
[J]. Ecotoxicology and Environmental Safety, 2004, 59(2): 151 ~
163.

L5 RgER, ARANE, AR, KM 5 e 3w 2 i gt e
1], SRBEREAHETE, 2001, 14(2): 57 ~61.

[ 6] WHO. Cyanobacterial toxins: microcystin-LR. In:

drinking water qualityl AJ. (2nd Edition), Addendum to Vol. 2.

Guidelines for

Health criteria and other supporting information [ M ]. Geneva:
World Health Organization, 1998. 95 ~ 110.

[7]1 Gross E M. Allelopathy of aquatic autotrophs [J]. Critical Reviews
in Plant Sciences, 2003, 22(3&4): 313 ~339.

[ 81 Gross EM, Meyer H, Schilling G. Release and ecological impact of
algicidal hydrolysable polyphenols in Myriophyllum spicatum [J].
Phytochemistry> 1996, 41(1): 133 ~ 138.

[o]

L10]

[11]

[12]

[13]

[14]

[15]

L16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Nakai S; Inoue Y, Hosomi M, et al. Growth inhibition of blue-
green algae by allelopathic effects of marophytes [J1. Water Science
and Technology, 1999, 39(8): 47 ~53.

T30, FhICH, FRH), S5 LR S K AR v B
B L] KA 2R 1992, 16(1): 1~7.

PR, WPVE . RAEUK AR YR 1B B K AL R ) 1
A L) P Eg KRR, 2003, 121100 18 ~21.

Nakai S Inoue Y, Hosomi Ms et al. Myrophyllum spicatum
released allelopathic polyphenoles inhibiting growth of blue-green
algae Chlorella pyrenoidosa [ J1. Water Research, 2000, 34(11):
3026 ~ 3032.

SRHE, BL, SrwINE, S ALY B0 I AR K
Horwsese (7). B, 1997, 16(3): 268 ~271.
PR, WIBVE . P A A B 2 T S IR A A
ANERBACRIESE [T]. PRBIREE, 2004, 25(5): 89~ 92.

Li F M, Hu HY. Isolation and characterization of a novel antialgal
allelochemical from Phragmites communis [ J1. Applied and
Environmental Microbiology, 2005, 71(11): 6545 ~ 6553.
RILIRE, MEAME, (THRSR, A% Wb K A A T A
SRR BN A A PR KB R A (). KA
5 1999, 23(5): 402 ~ 408.

8Bk, TRAESE, XCFIME, 5. PCEHERE R IS 2 TR ST
HhELT]. EPFREREE, 2003, 11(25): 177 ~ 180.

Robilllot C; Vinh J, Puiseux-Dao S, et al. Hepatotoxin production
kinetics of the cyanobacterium Microcystis aeruginosa PCC 7820, as
determined by HPLC-mass spectrometry and protein phosphatase
bioassay [ J 1. Environmental Science and Technology, 2000, 34
(16): 3372 ~3378.

Jones G J» Orr P T. Release and degradation of microcystin following
algicide treatment of a Microcystis aeruginosa bloom in a recreational
lakes as determined by HPLC and protein phosphatase inhibition
assay [ J1. Water research, 1994, 28(4): 871 ~ 876.

Wiedner C, Visser P M, Fastner J» et al. Effects of light on the
Microcystin Content of Microcystis Strain PCC 7806 [J1. Applied
and Environmental Microbiology, 2003, 69(3): 1475 ~ 1481.
Downing T G» Sember C S; Gehringer M M> et al. Medium N: P
ratios and specific growth rate comodulate microcystin and protein
content in  Microcystis aeruginosa PCC7806 and M. aeruginosa
UV027 LJ]. Microbial Ecology, 2005, 49(1 ~6): 1~6.

Kearns K D, Hunter M D. Green algal extracellular products
regulate antialgal toxin production in a cyanobacterium [ JJ.
Environmental Microbiology, 2000, 2(3): 291 ~297.

Jang M H, Ha Ks Joo G J> et al. Toxin production of cyanobacteria
is increased by exposure to zooplankton [ J1. Freshwater Biology
2003, 48(9): 1540 ~ 1550.

Jang M H, Ha K, Lucas M C, et al. Changes in microcystin
production by Microcystis aeruginosa exposed to phytoplanktivorous
and omnivorous fish [ J]. Aquatic Toxicology» 2004, 68(1): 51 ~59.
Bronmark C, Hansson L A. Chemical communication in aquatic

system: an introduction [J]. Oikos, 2000, 88(1), 103 ~ 109.





