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KRB R A BB R (Microcystins, MC) BITRAE Y BRE R /KIE MC
R ERBT —. Bl B4 MC BEEER D, BERETEE, K
FEERERPHITH MC REBEATEAVIER TREERHRT . BtA
WRESRERAKEERT MCIREUS 2, FEEBEBHI MCHITER, ES
S MCEEKBFRRIFEAR A BEEE, FAFERREEFRLKEFELR
h OB T ERRERERREEMEE.

XA E AN K BRNFEMKEEEMMWP MC FHIRBUOFE#THAL.
BT A FERERBGN MC FIRERR, SREH, ShLEREHER IR EH
MEA PRI MC, T 40%F BB AN 5 0% FEEE AT 100% 5 BEAEH
HNENEARPENRBRERWE. XL RAELMBE (G 5%ZBE
B, R A0%F B BE B A A M SR 4 M P 3R BY HH BEEE FE MC-RR F1 MC-LR,
AN A X pHEERBEEANSR, FEMREEEEMERE. RE.

MWEEFMKEDLSBEBRLHRREE, SPHRLEEY MC HE—E8
BEAERE S, RE MCRREER ZHEW. KEEK W-2 SEEAR MC K
BT, BEXERTRAKN: EERKRET MC2mg - LYHRBHEMES, L
KNE] AR 63.5%; 4 MCIREEN 10 mg * L1, MMEENEMEE, HRNEME
30%E4; EERRETEFIRINCEMEE . 2% H, FHEIZET, £
R MCIREET W-2 SEMMAERERETRIN, EREBE, BARHR, SR
FEHY MC FTRESTHIE RS AEKE —ENMEIER, #—PREERERE . IR
SRR R R M A B B b R K R AR T B BN MC 5 B BB B R AR B 7

BT TRELHETRE 11 AMBIEE S AIMEDIT MC § P4,
HPLC i R B R R L. EEBHEIAKPESR(IN, TP. COD) H5F
e HRIEERX. MCRBHEIESREBRBESTEEXR, ENEKEME
WRh K, MEBHIARIMEEEME MC Mm@t BdREFERELR, 80
HRAEI—HKAEBRBRER TN EREHASE D71 8, 2L EABHE
R, TRER-
a2 K, MEREBE. B FE. RE. K. WMEYHSE
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Abstract

| Biodegradation of microcystins (MC) by microorganisms is one of the main
ways of MC removal in aquatic environment. Up to now MC-degrading bacteria
isolated from surface water are aerobic. The pathways and main species involved in
the anaerobic degradation of MC at bottom and sediments of water bodies are stiil
poorly understood. The objectives of this study is to optimize the MC extraction
method from natural blue-green algal bloom to obtain sufficient amount of MC for
the experiments, and to study the biodegradation efficiency under aerobic and
anaerobic conditions, and to isolate the main degradating bacteria, especial the
anaerobic bacteria, from eutrophicated water samples and sediments from collected
from different locations of China.

The extraction method of MC from blue-green algal bloom was optimized in
this study. By comparing different solvents and extraction time, 5% acetic acid was
found to be an optimum solvent for extracting MC-RR, the continuous extraction
method could obtain more MC-RR and MC-LR from cyanobacterial cells than the
other methods. The phycobiliproteins in extract solution, which having negative
effects on ODS (Cis) cattridegcs, was removed by 5% acetic acid solvents directly,
and by this method the step of adjusting the pH of solvents to remove
phycobiliproteins can be omitted.

Dominant bacteria separated from eutrophicated water samples showed MC
degradation ability. This indicates that MC dcgradaﬁon is widely occurred in
aquatic environment. Dominant bacterium W-2 was isolated and showed different
degradation efficiencies under different MC concentrations. In low concentration
(MC 2mg = L") it showed higher degradation ability and could degrade 63.5% of
MC in 7 days; when MC is 10 mg * L, the degradation efficiency declined, and it
only degraded 30% of MC in 7 days; and when MC concentrations was higher than
10 mg » L}, it showed no degradation ability. The result may due to the inhibition of

bacteria growth at high MC concentrations. It was found that the sediment microbes

ii
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have higher MC degradation ability than that of the water column.
MC degradation under anaerobic condition of sediments collected from eleven

lakes of China was investigated. HPLC chromatograms showed diversé pathways of
MC degradation. The degradation of MC showed pasitive relationship with TN, TP,

and COD of the sediments. The differences of growth, species and cell density of
bacteria directly correlated with the degradation and transformation of MC. In this

study the first anaerobic MC-degrading bacterium (D7-1) was isolated and purified,

and which was identified as Proteus sp.( Enterobaceriaceae).

Keywords: bloom, microcystins, extract, aerobic, anaerobic, sediment,
biodegradation
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1.1 BBRkERESENRE

KIRBE NREEFEEERTFNER, MUBEFNELKET THE
#IiMIR. 78 12 425K, Giraldus Cambrensis $if#iA T % B g /R T HHE Liangors
KB NRGFERHMR. BXR, EILRRE. bEMm NG X LRIHRIE.
X B AR RPN T AKEREMKEHEEZN. SERERETEANER.
{HH ) 1878 4F Francis B /XIRE T HE AP L EEsH B TS EBRBI/KIUE
CHEANE, BENNAEEABEENRE. BE, BTXKEEEFNCIRAZH
HmE, BEAKENRESRRGITE, #RSHERTRIESHIVEZA
RABENEGOEZHE  HRRPMFEH 25-70 BRI BEBRAKET LR,
TIAEF LRSS R KEF, BE=EUHEZTH.

BEBRFIMEIY. B8, BEFEEERT, HBEHWVFIKIF
BERIBAMEZFRE, EFENE, CRBELSEMTNEWAKE SN
fepE. MBS RER KA EEREA (WIRE) MRS o8
IBAT 3 E2HEHE R, KPEKANTRES|IRITE. HITRFAERHA, HE
IHHE]. BEMS AEEBXPERTBERFERSSHERKIBIA SR
S B E NIRRT FKE X, 1996 EEE“‘/‘M%'}E*E Rl T
A EREEEENAER 126 AHE, EP AT AFRTHESF, ERFIES
HIEEP., B4, BRELEEFHPNEEXNEREZETEANMEZE, HE
?%W&A@Wﬁ%ﬂgﬁ,*ﬁ,ﬁﬁfﬁgﬁﬂﬁ%%UW%ﬁf%A%
R TE B A BB
| EREERETEEFEYR, ETH 50 24NEBY, ZOF 20 MBS0
AFE LA BE, EPHARESHNIEGTHBEERE (Microcystis). BIEER
B (Anabaena) - ﬁﬁﬁ (Oscillatoria). SEKBRE (Nostoc). BILBRIE
(Lyngbya) MIRLE I (Aphanizomenom) %, BETEMEER, 2HKREN

—
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W4, A INHL, MZEE (neurotoxins). FFHEE (hepatotoxins). J§%
$2 (lipopolysaccharides, LPS) FIEEHHFEE (non-specific toxinsd. K
THERERKERTEER, THAEAES., SEE. TRE, SXKE. IR
Eprd, TESMBEEREE (microcystin, MC). FEREEZE (nodularin)
MEEFEE (Cylindrospermopsin) =% . EP, GHBEREESME . ITA
KeEEhER, BAREARFEEZEERETHAEEAFRI.

ECRINZMEBERD, MCE—HREEE KEFHIMESEH. &
BEANERGEERENEEE. MCREEABEAEER, JAB4EHREZ. &
TE, BEHBHEKES., KEBmENEIKERESMERKEPREER
FEiEE| mg « L1 KFER), BoZEZLHBRARDZBEZYIEHATRYT, §
REIE B EEPHBETIX 13-24ug - L1, [, FEPHMCHHEE, K
5. XERASHHAFHEMESENN. Fit, MCX AR AKRZSE.
ARKESRGNBRENOHWAERNEN. RELEMNHAEER: KT “=
W7 CHM. K. 8% CHIATERR, KL, BEP THTSKE. ¥
U R FREAKSEEIE MC, EHKEMCIFRERIBBEURFZHEE
FKEFRER 2 R 18,
1.2 MC 9Bt

MC BR—E-LIKEHFEE, Mo TFRESE 1000 £, H—RE
BB 1)A 3 (-D-Ala-X- D-Masp-Z-Adda-D-Glu-Mdha-), F Masp 9 D-77-
B-FEIXAEE, Adda 5(2S,35,85,95)-3-E&-8 -FHAE-2,68-=FH-10-7K
+5-4.6- "4 %, Mdha b N-BERNEE, R1. R3 ABHTEN LEER.
BT R1. R3 2 4 L-EERBNARRE K Masp & Mdha I REN/EREATE
#1E% (& R2. R4 FEM), AR EMAFMFME, BERNIED
S 60 ZF MC, HPE5BES, FERTE, FHEKE LR, RR M
YR, K& L. R. Yﬁ%ﬂﬁﬁ Leu (ZE®). Arg FEER) M Tyr (BERK)
(g 1), MBWMBEE (Microcystis aeruginosa). HEIEEE (4nabaena) FNER &L
(Oscillatoria) HRFTE MC BIEEEX. W%Eﬂﬁﬁﬁ%@ Mdha R4l
5 T MdhB, 3 Mdhb-MC &5 Mdha-MC BIEEHEAEEL, 18F Mdha X MC BI7E
M KRR, TTE AR Adda B9 C-4 F1 C-6 3 E RISt MC HIZEH £ 4
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), NS Z BN, KAN5E D BREERIS T LLERIK 105 £5, BN Adda
TR EMEER, EH Adda X MC FIBEHER LTS,

HCDOH

*/whr%

4&
c R
= = NH R
H 2
¥ G /“")ﬁ%%%”x 2
4
o H COOH

3

MCYST-YR; R, = Tyr, Rz = CHa. Ry= Arg; Ry = CH, {MW = 1044)
MCYST-LR; R, = Leu, Rz = CHy; Ry = Arg; Ry = CH; (MW = 5394)
MCYST-RR; R, = Armg, R; = CHy. Ryw Arg; Ry = CH, (MW = 1037)

1 MC R TFHEHUR=FTE MC I RATHRE
Fig.1 Molecular structure of microcystins and variants composition of three kinds of MCs
M MC N TE&HRF Y, BTIRRGHMERIEE, Bl MC BHR %
iR EMH. MC BBRTK, EXRPHEEEX1g-L'8E. BT MCHF
HHISHRE. EEANBEE, FIUEARREpH F, MCHRRKEFILER.
MC-LR fJIE 8/ /KR B (logK ow)M pH A 1 1 2.18 F£3] pH b 10 BT H
-1.76, FEHIERRIKEREE pHEG)EHT, MC e EER N, |
1.3 MC MRIE 5 3B E
BHAGE MC AFEENE, HEANFZERRELENE, MC AL
WP BB, FERMAERERLM R, mERTSBH G LR,
HYENBEREdSERERBTNLER/HEBRTRELE S, MBHENE,
MW%&%@%%EE&%@% AT B L 0. RN,
R FEM P K, IR MARTRT-. B, HTEEBHREERIEMER M,
XA T RAMEAE D, T T SRR T, TR
# T AR R AN, MC -LR 3/ BHILBITE LDs 7 36 2 122 ug - kg’
2Z 18], |
MC FIF BRI KA. BEREZNABARMEER. FHF
mEETAERIHER. IMEH, Rk, B#. L3dHE., GFENER
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ZHER. TERNURAEAR. BRI, BF. BEANEESE, ELERESP,
PMPERBERTFHIBERTELRE. BE. R, . EHEZETUH,

FIRER MC T EMERT. ©REMNMBPEBRIFAE £ HAREEE
BEZRAAREANGR EUENEEEEENFEAE. BHIRERIHT
R, FHEEEENZERRN =15, HFHERECEEERLE. B8N
2R RANMEHDE SN fdEik, TEETER, HERAARERE,
g, EREHRD, FEEELNE, BIMREERETLITY.

1990 £, Mackintosh 2 A H XA MC Bt 55 OB iMRES PP1 10
PP2A M4 BB/ HERMTEE S, NTTMHIEMNEHEY. emsEdmsE
EBERMAEY, FHRANTRLFLEDTBBRLTEE, REUF4 R
K45y, SREEMTER, REMBEAFALR, FrlfX, sh#Riik
BT . B4, BT PP1#1 PP2A FBRHEEZEIHIH, XM T EOBEE CHE
1, ¥R T B 5 BB R, AWTISI R — R EERERL. X
6T RS RS AL T AR R S 4 RIS T B IE EEIE R (EMER AR, XARE
B MC RESZUEN%Z. BT XEEBEE PP1 A PP2A IHIHITERSN, B
AN MC B9 BT B P DU R B AR E R R OGS AT 40 L Py X R A VT Bg T
#iE DNA, BJi DNA HMILHEKH; O R a5 ENELBGER
[21,22]

MC WX EREANHERIRR T ENARMERER. EXRE
ch, 48 AT I I 5 B SR A BE AR T (F S AT A 4 B K B AR SE, RS IESET.
Baganz B BRBEN R DANEWIEL, KERBEHUERERFEXAN Y
PR EEERAF P, B SR Y LR E AR R BB A
HEMETR, MBI EENWNER, HPKERARABREZH. KREH
EEE, HBEREENTHE—ENEEER, WK, BRERYE, £E
12421, {2 Matveev AFENFSHERBRAKIHNEENEIEEER

[26]

0 MC R RIS BT ISR, SR S A KA B
B, mAEIGENEE, ERBENRESEY), Kurki-Helasmo #f5L7T
W TNEE, EFEMTHRTITED, EHEEF 5.0ugmL” ) MC-RR
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AIaT i M E R B, ICso N 0.8xgmL™ B8, B4k, MC 3RS REYIN
41 BEImEERP,
1.4 MC RIEET B B2 21455 H)

LA T RERN, EPHEERSBERER., MC B EKE
WiEERE, TESRNEERB I BFETAREME. SHELRIFH, T
REBMMT, FREKD, SHEFEMLKMNE, BRMKKESELLE
HAREELHREFHRER, ERRIKES, FUAEAREFESNE
1, BREKTHEEHEY X EAERR, E—NHENEMRSRY
EAKHP, 2 ERAKTRELEE, KPAEKBRD, MERSENMYN
AR EK.

HF5LME MC NE—ER%, FENTHRUNSEREMENT .
BT THEEES DU TFTHAHFE:

B, SRR, X — WA E K AR R A k.

RIRRE), EHA T XHRAMRM RS, dKERHE MC H8H, #
. WEREHSHITIR. 55 HX—NH5KEsSHELRESET
FIA TR &, THEBTFREER =R ENRN. MRS HENME,
LA A AR MC L,
B, SMABRHUAL, MCHARKNEEERAENERELET, B,
ot A KA A BT RBER A MR R R A DER, EEHTEEN
BN BT R RE. RIS HFER, GHNRACHEN . BE,
DAEEREREMEEN TR, RELKHHTEE.

EHMMEREE SRR ERRNET, TERNAABNSEER.
RENEEBRRAL, EILUEEMCHAGREFETER, W MEPE
SEMEBEAS. BEAE. KA. BENCRAS. SYBIEEER AR,
SR, RITRERESEFHEHMERS.

BL7E, 2BRFTHEMIBST B RO AT 5B, 1992 6, WAF T HERIR L
5% TYENLH) (NEW SOUTH WALES BLUE-GREEN ALGEA TASK FORCE)
KA AR AR, BYTSERMMNERESE: BRI,
500-2000cellsmL”’ AEER, HEEMRBRN, FEEEMNTLED; BIX

5



I, 2000-15000 cellsmL”’, MHE/KEEHTELNR, BRK REFEE Y

FITREAEHE: BIROL, #8id 15000 cellsml?, #KEBEAN “BREX”, OAE
"R . ABS5HERPKEEMMERIRE N 15000 celissmL’ P2, 1999 4,
R TAEHLE (WHO) MXHKESIERMRERZ, IREENR 60 2 THA—
KIG 2 FK, WAKE MC-LR B KBAKER 1ug L P KB4 TR ASE
iR, TTEREFEERT MC BN, HFERIIEMEEA U MC-LR &
A ZTEN 03ug L. REUKAACKEMTEST, T2001 59 51 HEHMC
fEAFEE MR IFEIR, BERHA MC -LR B 1. Oug' L' K.

2. MCRYIRE SN S thAE

2.1 MC By$@ 48
Bote ZP 1T T MC RREUIRAERAS, iE Y T 2 M AR K MC £

itk Hik. LWBRABKNAEREUBERABANER, REEER. RENGBESEL
2, FEMERERLAN. EREATHAENTRTEE, MCRENIRNT
FHERK, ESHRBE —RHOANRMETRNRATE. EHNHEBEAER
RN EIRMBIT L RET T AN H, FEEFT MC 2k
4l (75 1.

2.1. 1 MC BYIREY

2.1.1.1 {IZPAERIEE
BT MCHERYFEEERAER, FAFRENEMBALRZEE KRR,

R AR SR G . ERSMEE T LR RIR AR, Rl IKERKRE
i, EVAREIER A XEEFE, MARKENBEXN L LIREHFREINE
KHE. BRGRAEESFENOEEXAT LEREARBIANERR, HE
M, S, TREEFOEXEIMLT, ARERTFRE D, &£
B AEXthiE Ak, T BAEERE R, REIERSIREARBEFRBEE,

RAEF I KER MC.

2.1.1. 2 ZERUAFIER
Bai MC IEBBFZERK, E4HEEFEANRSENHEN, FELEE

6
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ARBRERENTARE, BEARERRAAENERIFAE—, FTUERAE
WA RIEL . ATRRIMIERETHNHUBEZERLE, RELERBV—ETE
MHEREDNEMTRENHEREERE. B TEFHINENANREZ, B2
REAMEE, AT HEUBEHHR, XEWeHEB/LHER. WREENS
% (IR 1),

£1 PRBAERERELE

Tabl Comparison of the different solvents extraction

BECE ¥ & b B £ % 30
IM NH,HCO;  pH=10 R #REUV R B4 [35]

TEH-FE-K EREZE-LRLYLWLHARHELHE,E [36]
(5:20:75)  HEKHERREEL
5%7.8(pH=2.7) THRERHZEZER RBRIIEFEGS; BA6GRE [37]

PN ik -3
IEEEEIK #E MC-LR. -RR, F%¥ pH EREKEA S [38]
FK
100%. 75%F 8  100%K) FEELL 75% FEE RN EE /D 50% [39°
FH Y 50%~80% FF Y fy B G iE HU¥E [40]
57,5, 100%H EERI AR SHIE RS 100% 8 [41
1L BT MA s ZBRINBRRE

HABEFERS L IL-EEBR=-FER, W0 E B F=ANEK Y=-RZE&
2.1.1. 3 B S L RIR I |
RSN ESERT LR, RRNABEYGERERNES, HENHENR
%, B EEXENET NS — 5 RERE RS R R E R
8. WENFETEE N AR—BENRERRER, RERRRY KT —
H. BELHERIN= R, #HiR=K%, TUAERMERARAT MC.
MR FESHIBENNARNLEESERWERMAKE, & RLEHAA
10g/200mL, —AX7E 10g/100mL~ 10g/1000mL 2 [E)4>4), T $RER ) 40 L 2 JR
B PR MC IRMfgik, ERmEEYRES A, Rt MCHA




SHIZ

FREIAERREA R, AEaea 150, FExcE, *F
BEREABINHRREANE, F— 1 XEP L T 3min. Smin. 30min. 60min
FIHREV R, RF 1h NIENMNEREEERN, TKHRINENLER. Mg
HEDSG B RIRE g aifb it R BRI E), A KRN ESER
MC BREEM:, ERETEME MC R . WRE SREET, BIEEREHF
ff LR FIRERL .

BEVEE—BRMAKY 4CRHERY, FFEALA%G, EERERALTELE
lhEdasE . TN MRIRWIImER L), BERF—ITREMEESEF. I
e, HSREBREWNFENER, metcalf F codd Iy Yok KB %Jr‘
MEZEENRIAIFF, TREBIMNMC SHERRBRIERELD, BTH
frBE, TrRXFAEA R R FRNARR.

2. 1. 2 ¥ MmiR4a

B RBEVNREEY: —RAXEBBNFEHLEREN MC, %18
REMIZEAAL R BT B EWRYE . R RIRGE R AR E AR . EHEA 40
T RER, BRELAELSTE, BH—RMEENEEEETERE, RO
TEERR N, B#fToE. S wﬁﬁ‘m_fﬁﬁlﬁﬁ:ﬁﬁwmﬁ%mﬁw |
H, EEBSEEZERNAELL
HFHZEEL (SPE) MU AR R MEMMELZERSAC: EE?EE g A (T B 371
MBHEERZ BHAE. fER, BAERARERRINERSE, £
& FRARM C18 HE/EH EAZEEAE, FRIEREREYY, BEXAE
0.1%= . Z B (TFA) 90% PR K BB R A, BAAMER(SPME)RA
R TS M B E B EHEAN MC ST TERIL 2 F£. BEXFEN
HON-WAH LAM #BWHR T =41 FEH MCEZ 74, B MC-LR. MC-YR #
MC-RR, ZERE BB )&, F 50-umCW/TPR 1 65-umPDMS/DVB ¥ & FI 2 EL
328y, @it SPME 5 & ¥0MAR (S B ETR MC riFtEPY. SPME-HPLC B
FHAME N —FMERNTABES TR TF—ERS Ak daTEESERA
B4 TR AR, BRINEL . FEEISERES T BB ESRATREA
1B, TREESEEFNERLREMEMHI, mEFEEERNENCT

8



FHEHZEMR, MENAENTFERRERNRSYGREMESE, WHETEERER

MEI Y B REERBIE AT &, TS FERK,

2.1.3 &Mk

BELF 1982 &, WEiIENT. BAAEUSA DEAE-SEPHADEXA2S HEN S &

HIHVE, A Bk MC, A

FATEWIN. ZE, SPBRIERRA 5K

JTZARBRAEXBPIHBRRER R HBERERES, a2 BT 21

874, TERAERET

M. MFAET LRHEESEER (INE2).

F, RESREREER. SETKNERKETERE

k2 BESEBATHERERIEHRINH
Tab.2 Chromatography applied in MC separation
BEsmER H i Z% ik
RTHMGEE RRRRUEREER [34, 44,54]
BFA#Hail BEERANYIE TSR [55]
HE i MC-LR fIiIRBEE 56]
HERE REAEZENRETZMNAERRKET 41]
BA 2 HEEREER |
M EE  EA—Fh e S ERREA T R [44]
R | |
SEHES MCLR RHETCHEEE T, [57]
K844 MC-LR,-RR,-RA; [54]
F F IE A8 A & A8 7Y 0% 2 1 R R 78 [53]
MC-RR RIXEMBREER;
%18 MC-LW FI-LF I a BBREHNH [58]
%, BREMRE—PEATR
HIERI R RERRTHARU, T HRe AT R ER 05 & [59]
s REtR A AL FI3E B AL MC-LR; {55-56]
RAXBHBERERZ A [60]
RERACHURRER YT MCLL F—  [61-62]
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KA B ; |
MKEYFRBETHEDN 7-F ELL [63]
MC-RR,EERBERHNBHUBEREZR o

EER, BEEIMNMNBNAMER, BEENIEFEE TE ZH%E
=, FAFEHARANBEEACSEHTERIEEERNSE.
2.2 MC B3RS A%

MC KR UL A A BRY) fiik, gk, $¥3RER. AN
BEFAUTLE: OEPIER, QARBEFAREBENR, OfitsHEE,
i1 TLC. GC. HPLC %, @ #rik, W0 FABMS. LSIMS &, OEE 4%
7%, OFBNEARYS. ZEFEARMMWESERAR, RBEERRLA, X
R RRERENERBERHERE. Hit, SR, EREERRE. &
BRI EN, EBESNFE, MBS FEREIER, LLEAAARUER
#hFE
2. 2.1 £33k

AR E RS ROEREESE, EREEY 20-25g f14hER.,
FAFSEAHET ImL. BEMMNBERERYER, SWHBELS 34 R
R, ¥ 3-4h 5, BRTHPERETHE, EELEANERTE. RE
HEHENTE, BLBGEREREREIFEHE (LDs), Ll g T kg’ RHBE
FERT, —f LDso<50gke! RIEER, X AEE,; 7 50-500gkg” MEEZ
6], B, LDs>500gkg” R ER, BHERIE: FXTF 1000gkg” REE,
oA e T E, |

LR RBERXANER L. cHREEN, EFHERLEE, R
BENE—HAE, THEERBEENE, EFBIANEREREZEAAERM
%, YERTRANSEHEEERN, HERNEHTSHES.

FAh, AR, KE. BREEFHIIDEEREAREITHEEEZNEY
Ry mIod),  Hed — it e A 2 5% S 4 B AR WU IE AT T 23R 16509,

2.2.2 HPLC &M R iR 4k
B AE A (high performance liquid chromatography , HPLC) Z%uil)

10
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MC ERNFERZ—, EHAHRE, RAUTRIK, TiEngL % SRAOEMM
& . EEBBIFEIR, AERH AR MC R, 2BMALEE. (8 HPLC
EA BRSNS ETE, Al DAKBREEERER. HRITRETRERER
T ER MC-RR. -YR. - IR =%, Bk, BPLCHERERMEX =74
i, MAEHARBESRUE. BIEMNHRAERPERLEHE DT IR
HPLC %t MC By ile7-58],

2 80 HPLC B MC{ER &8 C18 &%, MEIR{ER PR 0.05 M BE
ZHEREESE (V/V=60:40), BiE, KERE A PFEKERRSME, Y
ZHOEEY pH HRATEEHR O HEESE, B3 TRENEGERE, &%FH
R T i A, @i THE, WAZREGRES Tistdgirty,

S5, BRBHAEHLSERIREE.

2.2.3 EEBESR IR SE (ELISA %) 1)

ELISA 2 —FMEEMN S, ERHARE. FUR AR Z iz B
FHRMN, ERAR—NE-BIrTigSEed. NERYREERS, HER R
BHAERK A, RIEIRAE R 8 AR RIRE .

ELISA =R RER BT ES T MCIH B ERHMFE. ENB AR EARFE
HIFE B>, B, . ELISAZRBERS, EERIKTEEE, R
BEAZ! 0.05ug L, FTEMER{UEAERFE. ELISA BIERBHEME
wREMSTEAETY, FEBMIAFERE. KT, FHmHENTERS
MC-LR ®it, BEXBRAET —EXXKE, BEAGERTERENMEESE.
B4b, ELISA G2 THMRER, Z574BRA%EE.

2. 2.4 RRHBAAHHNIS
EABREMIERERE XA ERYERICH TR, BEZ. 1994
£ 1.An ! W.W.Carmichael XA R AFSHMBASHIRH AR, MEAAE
Mgs IR R AR KR YR 64 R RE IR O HERREE PP2A BU3E(,
[E 3 2 PP2A T ALK AR h 3% e BB A A AL B AL ER #2177,

2.2.5 R ¥iE (mass spectrometry, MASS k)

R TERST ARG TR TR, 2 FRAAHEWENEENETF
B, HRBETIL pg . HTHBMEERNETEEES FABMS ((RER

11
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FELRAIEZE) M LSIMS (BHAESTHIEE) €. BEEEESEETAR
g4 A, AL GC(gas chromatography)/MS. LC/MS I Frit-FAB LC/MS
LXMWk FESITERE. R, EXRERK.

2.2.6 HihaR7A% |

BT LSRN E R A, BF —BHEAT MC IR, wnmEkEEs
. BEEWERE, HFEEIRA MC FEASY 2-FE-3-FRE-4-5
TE (MMPB) R4 &P, £B%FiESR, FEERTUNERENL LK
A ¥iEE (time-resolved fluoroimmunoassay, TR-FIA) . S4b, 8EHKIEH
BHik (CE). Ml EEE (micro-LC). R HBEE)E % (micellar electrokinetic
chromatography, MEKC) Bl R BiFtHkE (NMR) EH AR EHA T MC i
A4 4776,

T JLE, ERERTIRFECIEE MC RBEREGRBE R ELHE -
RS A EE RN, BERMMEENS KRS RBEEEN—F2 Mcy B &
HOMEFrEAE HEMNME. B, A PCR HANEEN S FEIITRN
RA—RERRE . BHFEATERAHA29M PCR HRRA-BHESR
7], M¥E45% T DNA KIIREL, EAME, TREME 2000cellsmL™

3. MC fE7KIRIEF YIRS

SFREFERYQAE, BEE N TR KEWHE, BHYRK, &
LI, MR, BUEVBERIEWER. TESSE MC RAWEGRI.

MC REMARHEE, YUMMIEE. RUSHRE, BEEBREKE
. KA. ARTPERRROEERTHRARKARE, ERKE. X
BUKERMRE, S EEEAIBRERE, NEKEESRAMAXBER
B, MC 15 FEHER, ZUAWATALRENIORGH, PH P
LR AELE K. EXEBOHRRKET, MCAFELMAEEILE.
7 PH=1 B, T23E 10 B, PH=0 BT % 12 N BHIA TTIRAR Q0% BB E.
TR R AR AT, W oM MRE SR RES R, XEARK
e R LISEHA™. AFAE TR EERNRMNT 10%. %

12
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BT PURREE, KERERBNEEE XTI EREAES, 8 Moms!™
i 3 4 M 2 AR v 0 ST B 4 3o SR B R IR B B3k 80% . —EEF A 4Tl T
BEMAREEETRYY, BEERRNESESE, BFRARBHYNE
BEESEARK, TR, BEHNMTEERUNBMKEDESENSTERE,
HHARSEEKEPEEEENAERRE.
EEEGETOLREAZAREGTAGTEERABNIEFRZ
. MREEEN, MC T LTSN L ERER Tk, NTEREN
%ﬂ%%,LE@%m%mﬁﬁﬁﬁ%ﬁ%%%é?iﬁﬁﬁ%%@ﬂmﬁ
75, AEEE R AT MR AR, EEm AR OO T A i
Adda HIXUR BH AT S0 EE 1 09 B PR (34 10d), BAMEREREA
YRS FHIEREN. 4 MC 2EERKEMRKFEK (238~254nm) &f, 1
AR (ZESA 46 P) . TSuji B S BHK TREZOLREN, RMARS
BT, BESgAFHRER, EMRIERES, FmAGE, W& KN
MBS EH R E R LR E ., Welker(BV8 A 75 & T 58T 0 °T 4 1 S48
R ELGERERR, FANZRRTRARRKETFREBZEKRENR
A, 7] IR KRRk i 4 B ERUR B R S ORI TE, AT R ARE
3z [78)
KAEFENSRYNEYRREEEEFENERRY — HTHERE
Eib2iXEE, SEENERBREKETITYS, M5 HUE, BkEE
YR e EMLTRRE R RSRE, FEEREHNEERRY, HEEE
LKk, BAEKERKEEEERERIK, KETRRIBEYSH MCA
BT MR, WEERBTEYBMEEIER. BTHEEmniaeEl, &
S ER DB EE YA EIKEE AR, e KRG AR TR R AR,
BT HCEMSE Adds MIZHIRIT IR HRELENE, FHNETUFLEE
Ak, BEFRILALS B MC MME R ZRER, FEkEE | Bk
89 kO k P B2 R B AR MC L EE . MC FIRUEDREE 2
EMELEN, BRARERNEMHENETEHFTR.
MC B4 E 2 R ATEEE e i I, R 2 Bk 4 A 44 I R £ 38
EETTUAR. R CHIEAAITE. BERESARBEFRMBHERED

13



(PN 5 & 4k X
v/ MASTER’S THESIS

BREZNEVEELSFERN, BREE

S

RAY T HH R BB E.
REEH S-SR,

B2, KEESPRRNARRERNEIERREELBITAARRE. K
R EMIBE, HOKMNE, AV SRR GPREEREENRE.

4. MC ZEIKINE PRI £ PIBEfE

BHEKER MCHRIBRETERET AR YRR TARKER L
REKBHENARCERBERSLENNGFE, EFEARENNER, 16
BT YR . T B EFRUAKEF, RAKERKAEZEHEEFERIK, K
HTERTBRYTH MC RERIT LR, WIEZEEBLAEYREEEH. T
‘aRARKAEEYY MC BRIERNTIR#HE.

4.1 EX MC RIBERRANEE(L

seSfEME MC MAEESHEMN. EkEt | §k® | mak
FEALCIhH ERIEHE MC T EHE. BAREYERERZR MCH—4%3F
EHRHERFE, B MC HFRREHRAFRNEATHELSWEEYE, —KRNE
BoK SRR REN MC AT 48, RE — BB NMEY R R X MC fIREHE
AE7T o
RE MC BRESBHFAE, RMESHIL, BEIBNFATRAMLEF MC
B4R BRHITR 0. Takenaka F1 Watanabe" IR HL A RIR A4 4 B H B
4 i i (Pseudomonas aeruginosa)® MC-LR H [###8E ), 7EFILE SOmg LRy
EIRETF, 20d B2 H 90%LL b, HEBFASKEBREEE MC-LR 455
(25,3S,85)—3—amino-2,6,B-trimethyl- 10-phenyldeca-4E,6E—~dienoicacid DmADDA.
£ B4k MC MR AR B AR R 2 X BT BR BT 2 W OB 14 R 9 . Park S5 °1F 2000
ERWT —HALN MC ERERBAENN Y2 B, YHEBERER
(Sphingomonas), 'E%f MC-RR 1 MC-LR KB XMEEEESTHIEBEX 13.0
f 5.4mg - L, XEMEEAERENEMENE. BNEEPEENZBERR
EER A B H T BRAR IR AR MC MBS R, £ ERSERUEYT TS
22 %4 Ralstonia solanacearum JHF R BB R 3d AT PIBIRE 7710 50.2

14
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A 30.1mg » L' # MC-RR A1 LR £ /&%, B FHMEAE MC-RR 1 LR HIEZER
3 PI#% 16.7 F1 9.4mg « L. M AF T 2% Bourne 1 Jones ZF I E B B
7K 4 R4 B B S R R B (Sphingomonas)¥T MC-LR B —EWIMEEEE ), H &
WERBIFE—ITMER, —8&h2-8 Xk, FEWEHRESEX M HIIE
FEE RPERE MC BI/K AR BERN BB B R (microcystinase) . I JLEFR, HE
2% Saito F A HIMHE A Kasumigaura #1458 MD-1 RN FEREHRT—%
RAEKEVHHEIIEC1E, RUETEFEEMCHES, HERHEE
BRERE, MEXMEINHEKSTE pH FIEHE, C-1 EEREZRETESSE
K, g BAriR, BRTSMERIN 6 M MC FRAFE, KRR &H L
%3. NEFBESEFRIHIAEAREFETR, EU LR, 8THE
B4 i B BEAS, B HFAREET A IS Al DA 3R 4 T PR A2 RE DD Ry

mk.
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7 MASTER’S THESIS

Bourne &7 A\ ST EHERZ B MU E H) MC-LR B BAESR#T T H— B R,

R K MCLR BEEMHUBRERZBHENAITTAZRLRE MCLR
(NH2-Adda-Glu-methyldehydroal-anine-Ala-Leu- B -methylaspartate — Arg-OH),

ey

HE— 35 AR ik DU BR AL &) (NH2-Adda-Glu-methylde-hydroalanine-Ala-OH),

B /M FEMANEERE 2), FHEM T 2 MRS Y% 50%

75 i 2

T

BEEBBEEENRESTZERT MC-LR, XRBFEAEH~DRIENE

{&F MC-LR &5, ﬁﬁﬂﬁ%—&ﬁﬁﬂ@ﬂﬁﬂ

HN

&'“H 0-::1«1!’

NH H
8¢ H CH; W cm

HON' Lo,
Microcystin LR MW=904

Enzyme |: Microcystinase .

Telra-Peplide (NH2-Adda-IsoGiU-Mdna-Ala-OH) MW-614
Enryme 3 l

Undetected Smaller Peptiods and Amine Acids

2 BAEUB S MU (Sphingomonas)EFE#F MC-LR H1&12
Fig.2 Enzymatic pathway of MC-LR biodegradation by Sphingomonas species
AT — SRR EHEE Y EE®E MC-LR 384, £40F 3 i

[97]
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/ MASTER’'S THESIS

| % B Z®(microcystinase)Z 5 7 MC-LR RIEILBRE RN, FE5TNEOEE
BEAT T FREAN 4> 45 SRS 4R 1), mIB=FKAEEEN) DNA BB 2h 5.8kb( 1.
% 3), B mirAmlrB,mirfC,mliD Z5H,EF mhrA HIOWMBEEREM (MlrA),
TR BRI S — AN, i 336 MREARMKEATIE, T L3 EDTA
1,10 —EF IS, RBEE—FMHEREOR, £iZBAEWLTH MC-LR
HHZ LR MC-LR; I F mbA M HEFHERBEES AE miD, 2
— AMEBETE mirA BN EKEEF; miB T ENH Tt E5HREEN
i, HEHRENE MUB (402 MEE), TTRUKLER MC-LR -3 AEMNAL, M
EHERTEERLESMET, EHEARLERMKERE: BSHER miC
7 F mirA FHFEFHRENEES M, EHREGEE MIrC (507 MRE), o LR
RIS, B MUC St RESHTHNG, FURE—HNEREOH. XE]
AP RS T ~

-‘ _-r e - k. * - ey - * 4 _____ '
Sby ISMbp 1662hp NiVbeM7Sbp W bp 434 by 582y
mirC mir A mir D mir B Activity
MirA|MAPE| Mir ¢
B0 ESG G55 cogmiis . . .
Sew 3n 348 connl d
+ +
Sex A Apai '
| kb sibchone Fom G4 Eootmiid I .
Ape ) Ape ¢
4.2 kb subclonre fore B2 casnid + » +
Itk Pt
1 4.1 B sibclanc from B0 and G46 cosmids | +

Rail Lol £

l 23kd { &

)
Ninc 1} L7 b Hime 1) +
. Apo L
i 221 |
| Pal L |
| L3 kb ]

& 35 8kb EABIBEEE R NC BRET X EAMCE. BE EATNBRGLERER M, THHE
s F T BN DNA B0, X/NHH M RE) MA, Mir B, MIrC BgigtE;  “+” RRHMEEE, “" %
TRACEEEE, fifn,  “+ MIrA” 18 BA% 67 30 BB ERAR MC-LR &A% il B 8% MC-LR.

18



¥~/ MASTER'S THESIS

Fig.3 Restriction map of the 5.8 kb of sequence data and localization of genes invoived in microcystin LR
degradation. Dotted line arrows above each gene represent direction of transcription of each individual gene. Lines
below the genes represent cloned fragments and their size and correspond with the activity columns represented by
MIrA, MIr B and MIrC; + represents pasitive activity of the peptidase, - represents negative activity of the peptidase,
eg. + MIrA demonstrates that the clone degrades cyclic microcystinLR to linear microcystinLR.!**!

MC B SR EAMETE REYE, EHRERE RS REN, ME
uﬁﬁ_ﬁﬁﬁ' H EEXT MM MC EALFEAE AL DmADDA, e B HUERE
EME=fTRAKERN AR MC #1TMEE, HEERERIHERSEE

(,Li% 1). Inamori % AL PCR M8l mirA £H, RNEFEMEEIH Y2
#. MD-1 H#8&7H mhrA EE 1 MI-PV AFREFEYE, &id 16S:1DNA
SHARERTHEELRERE, AEEHNRSREIBEEERRERT
B&H mirA RN EE L H FR MC B,

THEUEEENRESEHER MC #ITTHR. BESREIRAF#HAE
YR X SR X 3 FF MC 4T BRI LI Bor, B EEX MCH—EHIMEMEET
%t MC HIFE AR 1T S AHIF T RE &1, {B7E 3d P§ MC i £ BR B3R T 400ugL”;
Frim a0l A FIE U E (4518 Basidiomycetes 1 Geotrichum candidum)
PEAE MC X H#AT T3 ¥85, B EE 28~32CAG T HATEER
BEIESE, 2 KJE MC S BHERK, 6 K5, ERP MC §ERRWE, MC
K2R REE 91%LL L. fEH AR & ERE SRR GIRE s AR TR,
LR HBEARBERT, A TEYNSENESFRIHELNERN, R —F
AL, EFELET, KBTI EHARFESUAIBREEANARE
SBERRE R, BB BB H0, #3E. KBMRES—RIINVEHEER
B, TE4RMUA AT T B MC TR BN R, EXEAZ MCHERE
B RIFR . BRE X MEMMER MC RFTRA D, TR AR E 57
PLIE R RIS HLEIE A RIEARIBR.

4. 2 3% MC BYBERBFNS{L
MC STEaXE B AKEH, 5—FRE MC HIKE[FEaIFER. BEITH

REKREIZCL KERREBNEEEEREKEEYT, HREELAX
(s . FPEAKNHZHERE. HUEFR. BHKERESR, XEEYEER
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FIER. XEERN MCEH /I, H-EReAam ERITH E (s
L{EHEHTNL, AN GST THEEZMNEBEHTN) MENEFZREEEH]
Fo

AER AR MC BHAZRNBENFEMN. AZiIBHMFZ AT
MC B E 31.1ug/g i, BRI ZEMAFRG; RN, 04T —E84
G ) MC BB X 6600ng/g BF, 7E 72~96h Z R, BAMFET P, ENE2
% Datta% AFIBHFRBFRELREHIGEBRPRKE, ERT =F&E
W EsE, NP IEATIE MC 8, RILEES B M E MR
2IKEHRE. BERRER, EREB&HT, SHEFERAKUEREIEY
wxasNTEar, ARBEUSIENE—RYRIFEPERE 20 XELL,
e B IEAERXFENELIRRRRNER S HIEKLY 245 &, ARNHER
BEIEALEE N E, ORELANERBRAREHY, REERE, PIFENEN
MR ILEE SR, B 70%EA MAKENARE, #E2aBRENS, MCIR
St S L B B LDso 28 300 ug/ke, T FIEHER LDso A 600 vgkg, BRZE
st MC EFBBIHHENY, T RARLRETN MC BBELIGE AN
Vi, mRXMEEHANSIESARERTREES.

MC &5, mEND, AHEEROZSSEER, AREKESEERT—
JoiEdR, Kondo ZEAHEW GSH AR 5T MC EsiEHHMR%E, EA MC
ST Mdha BB EREMNTRMNRE, 5 GSH &&. BEIRENE
SHFEEH T GSH T/ 5 Mdha BORAMMBRELS S, MAESEEHEAKRE
£, MC-LR 5 GSH &&Es/ N NERBEBILE LDs BHEXR 38 &N
630ug/kg, T MC-YR BRI H 91 254 304ug/kg! %), GSH AW LT
—KEX (Phase II) RNSFFEMESYEZ —, GSHS MCHEREREESR
AR EEAKEEYEARETBRIENEERN. KAT!PEARRER
& A GSH 3t MC B B EER: S/ED (Danio rerio) IR MY
7F mGST #1 sGST FI/EA T, X MC th 5 1R BB 3 1%

4. 3 FKEHE I MC RYMEREFNFAGE L

MC fHKAEEYHIEWHRIEFHEN, EHHRAERR, KEFEREKRE MC

sk YR 4 a R E R, Jacqui SR MC XTREAEDEKKEW,
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ERREAFIRE .. ARZERPN MCHEYEKMERES R, 75 MCHY
EFEETREYEKEZIENG, BEUNRT . 8 HZEFE-ENREit,

KB MC ARSI LA /EM MC B, Pflugmacher M5 HA
RKEREYEEBE (Ceratophyllum demersum) % MC BIFERE, RIMAHURE
MBS BEHBK S BB (GST): BHLH A GST MKEER GST, ENIERRK

ZHBEPEFRE: FEARK GST RAEMKE (0.12-1.0ug- L") B MC £

HFAREER, TABEER GST MEEMEE MC IREBINTIHE K.
Pflugmacher 1% A #t— SR R I GSH 5 MC & ATERURER SRR LK
EHmAREETENE—P. TGSHS5 MCRBREG S MNEH GST R
AT REMESS RN, X4 GSH 5 MCEATRRERESURMETIIE
CAEREKEEMPHELSRIN, WHEDHEIFMBIE (Danio rerio) M0, X
RIK MY (Ceratophyllum demersum) '), HAF KA X (Daphnuz magna)
FIASF (Artemia salina) 1161,

B, BRA=ESRERN—TFEER (ﬁ?ﬁﬁ Ochromonas sp.) XHER4k1%
T H A A Eeas, LW S NEREFRH WA KRR ERT AR
KRR, FEMA MC (BEIKE 800ug* L) &, $BMEKENHER{E
., IR B ARK AT R B RIRE L 100 1, WHERAREY MC HE
B SE S . RIESEBHREYHMA 100 ug + L'MC-LR £E, WEEHE
FEWPEEYE. MMBEABEFEPHERRENZFTRML. X—HREHE 1
& B MC B SRR . &R IE A KERBERA R FW
¥ FaLBRBRENSGSEKEKEHERER, RAETEEXREXH,
it H & MC BT R SH— TR
4. 4 JKE T W R AT MC KEMRINEIL |
B 45 a0 J ek s AR i iR R 88 5T 3 ¢ MC #ATE RIS 271,
FELAGT, EEARERBREEEER. mH—2XHF#EY (1. kI,
FApsIh 3 MC HRAHNR 2, EFRERAATRE EHRMEAMA,
AR SEEIRE, Bl AET ARBREREENRE. FEMHEH,
A58 IR IF E 4 MC. 0 Vitor RGN (Mytilus galloprovinvialis) JAFFEH
RSB KET, BRI 16 K5 % TIKAEEHE MCIREIA 1050 TE,
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BEREERELT 16uyg' ¥, NARBRREKEMN MCTTEFEEZEFER
B EEMSAR %, Beattiel 9% A LU (Artemia salinag) =M AFEKET
_H’ﬁ’?‘%iﬁﬁeﬁ@%, B AAgEET GST BEEXM MC #ITRRE.

5. ANMRER. ABREX

IR RS BB, KFREH MC T8 & R B i 7K A AR 4 P AR B 3
W, dEEREWMES. BREPHVE, RREKRES MC ¥ BESEL
HEERRY —. TAFRAEHEH—LAEY MC AEBREBERE, JF
BAETLLEAF W MC, #—SHREHAFNBEEABRN MCE2 5 T HH#
i, ZHTAKEEYST (k. KEEY. TS, MC HISS2F MR
B, BEUHEER MC 2B 6ST #4k5 GSH R ER & RN THAERN.
SHReKEEWHAL, AEEAKES. TEk. AFEES, BETLF &
MC, EESEUHME. RAEREKENKEF, BEKEEFRER,
M K BRENELE, TEEAEEYHERNAEKEFZH T — M
%, BSLMERT e K IR MC RV TR E SR, EMARFAE
SRGHSRENBT R —BH.

EﬁmﬁﬁﬁMCWE%ﬁﬁmﬁﬁa%ﬂiT—ﬁﬁﬂ~ﬁﬁ%%%m
MC BT/, ERMEIFEE, SHKAREMERTHTHREMMIN R
R R AR RN TR ST . ERRHRETRARRKER RS MC
B E T, KBRS MCI#ITER, EANFKEFERNREBREER, M
mERREERNAE. BEFOBEIERRESHEREEHEE, BHIET
B MC 75 BRI E R R, LA S K EERL P MCIHEHITEH,
i HERE SN SR, HAEENERIE, b MCHEYEERIE R

i
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-

B RAKEEED MC R ERTE

MC 2 —FAAER, ARXBHHER T REARRE ST BBEKES.

BIERAIE, BERNHEREENEWEE. FET 0. BEFILAEY.

FLBSFHECOK T KBRMFATIE BNFEFSABERER. £TRER

R H R R R 5P
o0 i P AR S BB D

, 3 MC R ERERER. AT HURREEER
FHRoBHIYREZ, BFENRIE. AR ERE
FHRR, 'fiﬁﬁjmﬁw B RRAERRI MC N AERRILILE. B

BURGETHAENARARTE, MCRAMFEEFAIR, E4HEHE—FE

BRI E

vk, A PLE

AT T LB H, S

B MFEAKEEINER, 3 B RIEH MC 5

EA AR T & AERIMEBR R, AR —EHEHELEAS

Rl T KA MC A RIR At 7o E 4.

1 MRS RHZE
1.1 EEERFEMLE

FFRE MC MREERRETRIRH, ERR\FAKMBEZFHNS

¥, B 25 2L

FH 1 RARTE o

PRSI, SRERERERER, ETEREK

1.2 MC RS R B HZER A
RIS U BEREE MC-RR (4FH: CeHiNpOn, 77 FE: 1038.2)
1 MC-LR (5F3R: CywH7NgOp» 7 FE: 995.2) AL KZERI A FHRE

%, BEAAZEGE ODS (Cie#d) ML FREWAT, BT MC RIHRE.

1.3 MC 8942 B
R

C T R FRBE K (5:20:75, viv)s Eﬁﬁ?%iﬁm%\ 80%H 100%);

50,7, FEWHE, IR (EH 5% 8, RER 40%FEERD.

EERME AR —ERONERETTEAP, A LBREER, H
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BEHEETIERE HEHE LR, FEXNERNRTES. ETE-FE:
K(5:20:75, viv). BB (40% 80%F0 100%)F1 5% LBREVE S HIER K,
ELEIRIESEA SHZBREHIRIE, AJaF 40%FEEERMEES K. BIKE
BHBIRS, LA 12000r/min B0 10min, LRSS ERSENT, BRKEE
LR, A Cis HEMEZFER MC.

1.4 MC B3R
BENCKMAN EREA T, Mz AAPEARRRME (BFRECN 58:

42, ZMEA 0.05M, pH 3.0); MEXN 1mL/min, KK 238nm; HHFR
20ul; ERFE: IMFEHREEER.

2 ZRE5HR
2.1 FEMEEMST MC KR

B 4 HPLC R RUFEIR MC AN i

Fig.4 Chromatogram of rude-extracted MC by HPLC
AW FRIMFEBARRA: MC-RR 5 MC-LR #3475 &8 420 A
9.8min. 16.4min (W[ 4 ), BBWKESHI% MC-RR 335 mg » L' MC-LR
48. Tmg* L. AWIREGREH, HXFENRIRHRAKEEETEH
MBEEAETER MC-RR f1 MC-LR, T MC-RR HFEBEEEKF BT RT
MC-LR . ¥t MC BRI s, R AR HKER 3™ ER MC KRB
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AHEE. —RERMAERERME S, MC-LR BEXEHA, BEIMEER
FHHIX, MC-RR BFEAR FEHRR,
2.2 AEREE P EIEEOZMAETE BB LEAL

R

&
1. 80%HRIEH
2. 5%CBRIEH
A 2y
b
[
1.5%
2
&R0 XL ¢X0 " &;ﬁﬂ ECRL =314

B 5 A RISREGHE A S BT AT
Fig.5 Scanning spectrum of various extracts

ATREHRLSRES, TURESANFHEFRIEERASAFMERE. B
5 44k 0] M EIETLLEF Y, & 5% 2B 0% FEENBTEHHEBANE
FIEEEE LSRR Y, FEENSNEESEMERE. A pH va5aHRlE
BRI pH {H, BZRY 5% BEBFEEMBERIGE pH 750 3.61
H3.86, WIEHBEANSEARL, MEAHRIBPITUHENEAXHER
HNAFMRETH KBEREERTEYFE, RT4ER pH ZXREEEA
B ER, FEMEREREEMERE. RiE

HE Y R FI % MC-RR 1 MC-LR R HR B R ELE

2.3 A+
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300+

200- | (——IMC-RR
| mm MC-LR

MCHKE (mg.L'h)
:

oLl i lf-—[- R R

St S2 S3 S4 S5 56
AFHmRE 7

S1—IF T RE: g /K (5:20:75, viv); S2—40%REEVEM: S3—80%F MEH; S4—100%H
B, S5—5%ZEImH: Se—XEmiRe: (G SHLMIEN, WRER 40%FREEH)
K6 ARBEHMIES MC-RR ] MC-LR &8
Fig.6 Concentrations of MC-RR and MC-LR by different extracting solutions

FSEWRAER T AFAERIRER: S1, ET B PEK(5:20:75, viv); S2,
A0% BB S3, 80%HMHIK; S4, 100%FEE; S5, SHLEREW; S6,
IR (R S%2BEBH, REH 10%FBEER). ERREBATER
BRI, 5%ZBBRAELHEELT NS RFPRICEEZH MC-RR H
MC-LR (B 6). B 5%Z MW BIERRIEN, REGEF MC-RR 1 MC-LR
BIREEAY B0 2029 mg« L1 M 32.6 mg » L. RA#EMBE (LA %8
YV, ARG F 40% FF RV » WIRBUHE F MC-RR F1 MC-LR #1341 7] f 285.1
mg L1 #4567 mg L. AFR AR, B 40%FBHEDR T MC-RR #1 MC-LR
BIVREESY Bl 194.8 mg » L A1 29,04mg < L't 80% 5 BRI 100% F EERIR
MAREHR, B 40FTEBEBEFITZEFRORIEN. P AHPEBRRMET
B FHBEK(5:20:75, vW)NFERIKEE B P IZE MC-RR A1 MC-LR #3F
AR T 5% BB AMIELE /B |
2. 4 3IZRHEI A MC R BRIEN

MNEEARFREBER, fRNENEECEREERMCHEE. XX
GEEERRXABREEX PR BERERNERTY S LB REBHRTHEER
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M MC S BrER. B 70 52 JBRBEE T HUEREERIREEZRL
gk, RIARTRHBERERKEBERNENREWMEHAAR. KERER
THRAXNEERENSTELAARE. RUENTE.

75~

<
ol
g
Mg
§ 25

0

30 60 120 180 240 480
#&ET |/ (min)

& 7 HiRet ARt MC 4 BA0BE
Fig.7 The effect of extraction time
SCRRIRIE MC 3B A 2 60~120min F20%13), K58 7F 30~ 120min HH
RSBERGF. NERERTTEFH, 7 5% BRI PR 60min ZURBRIF,
B &R AEE 72.1mg » L. 30min A 120min REFRFHRIER, BRI T
MC YRFE4 5% 68.5 mg » LA 68.9mg « L. {E4n B IRELA fA] K 2] 120min
Bk, MMCEEBAHERD, XTEERE G THIgNEEKERT MC NIEE
¥, MEIT MCRER. EAERTENEEZENHARIREF, HK. 2B
VA B B A R AN EERUMNIR, I KRR EE LR
[

3 itig
EHTSIRIE, 25%~70%B REBKEXBET-ERTE. HA LR

X Bk ERESAER MC REHAME. —RERHBERKILT,
MC-LR £ FE%#E!, BETHREBFHNME, MCRR BF-ENEHRE.

IX|
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EHRERERYE, KAXEHRREARBKEEREFTFENBBEETFES

MC-RR 1 MC-LR, 7 MC-RR 1= B X R EiKF

SETP

L HEE: K, ZEBAFESE,

, HA:
FEE SBHICKE,

THREL MC RIS MRS

M 3 3 4 PR

- ERAY,

R S B 29 B 3 B 2 AN [ 9K A P BRI L

——

7K, IE’

:EL:l

50%~80% K P REA R I N E MC BB SR IP. BEEseiRiE

40% 7 BV 0T UL B A A0 M /K SR T B G AR
FEL LR B P 40% 0L ERY, REEH

HIRHY MC-RR f1 MC-LR, #
i) MC AR EBERRIRERNF BT T M.

Nina #1 Hans'"PHRIE LR E T, SHIFHK. 5% 8. 70% F B 100%

R, NHEZEHRRLART

FEEEN

KRR

T, 5% . BRE VR FIE S

Y 3 7 -

44

188 MC-RR BB EA— K, X
B (EFSHLEEE, R

BB 07FEBHEE) T Tuﬁﬁﬁﬁfﬁﬁhbk?ﬁﬁﬂiiéﬁﬁ%ﬁ%m%ﬂi MC-RR
MC-LR. ZHHRERH, 0%PEHERFAAZEHRMRIER, XRNATP
MC-RR #l MC-IR HIRE 5134 194.8mg » L 29.04mg « L't 80% PR &

HFD 100% EBEHY
AR B B L
7N R G 2 R R R AR 3R B

T
BEEA,

R EOGEFER DR XK, 2862F 300~400nm(E5H
RPN R EREMALE RN TINE

HERET£5, CEHEFHRANE. FXMERED,

700nm( 7] 1.6
A, NIRRT

AR BAEREIRREEN. A

RIEERER, B
R MC REUBR ERUIR K, X2
AR EER .

=B I AHE
Eh. BEEA.

NCEE

(ERCE TN  EAN R

X Y122, 35T

 H R

A

FESYI, RIEREAZKBEETHERA
FEAMAREFELS. AREER
X )A 500~

)5 B 77
FERHTRERTAHMAR

Lok cp)e

AXABEANMNE pH #, PAEUR H.S0, BFRNE pH=4, FREER

BN H(TRERRBEBERIIEY
20min, BHLERBREAED LER, FUREACHK pH A
1 50, Z IRV WORIE L IR TR IR HU pH 40324 3.61 # 3.86,
BEENR
£ A BRITIEWFEE 4, MTAEHE pH EEZREBIEE LRI ER,

FERARIGEREMERE. RE. &3
MRRKEEFEARTREFEEREZEF

%M. MALEY
EITEARE
R K]

450

0] o

R LB B BIX A

EHE RS, T BERHRERES

Yy

28

g -4i0p- AT REE

EY, SREZEEH L 5000r/min &S00
i, BARA




4 B E B 45

R SRR E — W, EHNHRN B4 REFRIRI MC. H
AT B ZEF) 120min BL B, B MC B SHERLD, XTTEEEH THIRM
B ERT MCREBEM, SUmE T MC 1388 . L5 7] WHhiR Rt (8] iy 15
#17E 120min LA'F, SKAREE ES2E MC RIREM, BERBE.

FEHEAT MC HiXEFEEH, BRI ETTLURE A SR FEFHE S ERH
WA, KLRREREEHRE (K ShZBE#EmRE I, RERH 40%
HEEBHmMEE M) BXBERMNAMKEEZEA RPN MC-RR
MC-LR, L% JE M HPEAR LIS R 4L 2 95 59 MC K UKR.
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F=ZE EEFKED M IFRIEHFER
Ui 12k 57 28 Az P R HE D Bt 52

KT HERFRT R IR BIREEY BRI, WHEREE
MEE. BREFHIS, CRKAEHERERBIFENEEERZ—. 5
HEKEEYMLE, AFRGEENMEENE, FETUCEETLHRETR,
BN, FEREKERKET, HETANEME, XTKHAEMC HEDRERL
X RER. RBBRRME MC BRI ZEHFEN. E5KE5 | BAP | i
AFAE KPR BRI MC 1 EH. BRKHE MC R YRR
ROLRMBT L8, EHTNBRKEFFELLE MC i E RERETE
LD, AL MHTNEREFKET MC FERBRENRESTE, #—5
T RKHEMC IS EAMERE, A T # MCHFRFBMNAEY S E e i,

1 MEFFAE

1.1 R A FRgit
RESHmETE: |

A. WBERRAKENKET S BRBE, BT MC ERRR
H AR 75

B. B KHARAEEEALER, RAEEEFNIBETESR
BMCEE, ANZESROEEERENE, ET NG MC BRI
FEEFER, REHB SRR R RTR.

C. BEBABME: BEAARAFNRBOREFEES, U
B, REABRSHEEHERCRILE SRS EERA MC Hih, %
A R TR, S ERERMERLR, TR

H =S R
1.2 22N
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mE BN [ERER. IR, B, BIKEVK . BENCKMAN
BRI (HPLC, Cs £, 4.5X150mm, 168 f2HI28). ODS (Cy;; /) %

1.3 FmBIREMLE
IKBERETRIERR (ETJR. IEXRE). A
APk (BEEFFLKM). BE#WE
BT Sum BEFRALEE, BB T-20°CUkE
VR B BB 22 B A R B AT SE K e -
S — KRR . R BESE — KM, B T-20°CokA
1.4 MCRIRBIZE R
IR ESLREHEN MC (RR.EFE).

1.5 IBFER Bl &

H R R KEE YRR PR
36— KAk, BERLBR S —Kih., 7K
R AR TE -

18 L

IR IR IRTE

SR WBEAFEFE (NBEFRE, AREK. 7H. S{bASEFE): F
WH 3g, JEM 10g, NaCl 5g, IRER 15—20g, 7&1%7K 1000mL, pH 7.0—7.2.
Halizse i (MR TYIEEEFE): K HPO, 1.6g, KH; PO, 0.4g, NH4NO;
0.5g, MgS0.7H;0 0.2g, CaCL2H,O 25mg, FeCL;.6H,O 23mg, #ZEM@K

1000mL, pH 7.0. MRFEXEFEMAEE MC.
EEEFE (FiE. YMLEHEE): A%8HE 1,

Il

T HBF 0. 5g, K.HPO, 0. 1g,

MgSO, 0.05g, FE4Z7K 1000mL, pH 7.2—7.4. RELBEENNER MC.

1. 6 7K AEr L 55 AR 0 iR
0 FRSE HAETHOKE (BN@EE) #ITESHE, B TFA%E
HEEFR, 30CHEHETHIFFEA
(2) PRI TifE PRERERAS

1L 3F 24— 36h.
CRERE®R, BERYMKST S, FEEER
FIRESEEIREEREAEEMETREAZNARE

BLURTRBR, A

&, MISHEER BEAREENSE. IRNAKESFILIAZER: O

HEILFERE: BHREMLE, X AR
HEANERE, WREENER. X~ B, BHE. B

4=l 3

AR R R DRI SR, B
LR, k. K

FES AL, @B ANE: WIEFRIEKERARERH A

THEE, ERRATREMARES. #5. K%, F

RTIEC Ea= Yy gk

MTEHNBEEABAEL, 4CHKERT. SRRAL KUK AEERFEREL
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BIEH.
1.7 kPN E EERERE T LR

BB/ AFERNEZE EPEF, A ImL BERiEFE, HMBRTHE
Wit BB R IRE R 2~6X107cell mL*, HIAE MC HIZEREEFFE 2mL F,
#H4T MC BB, FE EFE® 0.2mL /EA BB EERAVIIRIRE, REFEE4C
fF HPLC ¥y . B J5 7 3d, 6d, 10d 2+ B H 0.4mL A E O 5 RF _LiF 0.2mL,
{REETE 4°CHF HPLC B MC 3R ERIZRLL.

R EME MC KIWIERERE N 5 mg L', 10 mgL",20 mg~ L, E&
WIRFEHR 2~6X10°%ell « mL”, EMEERAMF 2 HIZE 1d, 3d, 6d, 10d &
B 0. 4ml. FRARHE.OERE _LIF 0. 2oL, {RFFLE 4'CH5 HPLC 28l MCIREEAR 4L,
B B ERRE AR MC R E T RIFEARAE 1 K/

1.8 IFFPERERI X

¥abE KB NB B3E+, ETF 30CLEA, 110r/min IR,
EVEERES BT 2—3d. FEFXELEK (BREFREBHESM J5MHE
WL, BEREEEEARE (4 MCSmg - L) S#gEHEs 2—3d. LU
FBRELBHELSRE MCIKRE, EEEFNEAP1INMAEAESLS, EMCKRE
ik 50mg « LB, DAERIEFERAEREFEREIIN.

1.9 BRMEEENIESAL

B EERFNERREER 10°~107 RAHEB, 5+4RAEEQKESF
HFEE TR, 7 30CEFAPESF, RERERIAESHNEEE, TIK
Lk stidh, KBRS BIERT NB #1H LI 24-48h 5 (RFT 4TCF,

fritt— PR AR LIE

|

2 _n?tﬁﬁ*ﬁ

2.1 B EHRNSBALEEBRBREHNAR 2. 1.1 KERBERN S BAEL
MECW R XK B 7HRESE. KERBIFRETE,

FARMEE RS, Hokd 7 /g, 25008 w1, ¥-2--W-7. EFHEd

CA=E E#Bﬂifzaﬂiiﬁﬁ%ﬁéﬁtﬂﬁ B3, MU EERS, WEEE
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KR, KA, B, BHE. BEEE. %%, ZRIE 4

4 tHHEOEFFE

Tab 4. The colony cultural characters of seven isolated strains

mERS  WERR  EESEe HEASE
W1 BA, B  BEE  SEAEY, REMEE MEE
IR, HEEF

A

W2 N B Ly gk WA AER, ki, BTR, %%
Fr
W 3 B, HEE =g BEANEY, REREE, RAHE
L, DR
W 4 I, AFA Ht HENBRFLE, BEFESH, &
{2 BiE, FEFE, A& EF
W5 Bk EE 0 A8 EERSY, ROHRE, KR,
i A& K BT
¥_6 N, B HE EEAER, MTR BEE, &4
amH
¥_7 NS = EEMERE, XE, SR, HgR
Ul ﬁ%ﬂ%ﬁﬁ?ﬁ

el A ——

2.1. 2 KRS R AOSERERE 7 LR
BHEH RN S EHREHRAH THTERLER, HE MCREXIEL
W0, FHBTE EIRMEARRE N RYESS, SR ILE 8.
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o

&‘o\ 4\'\ 4\:" *\35 {‘)‘ ‘.‘\2' 4‘50 4\:\
&

H 8 LR B — B A MC IR IR B
Fig.8 Degradation diagram of MC by seven isolated strains in a week

ME 8 T R: AP REEHRT MC #E—SHEBMEEED, TTW25H
CGRAXEZKE 1 W_7 58 CREXFKE) RABRMNE®EES. T
B MCHLEEHRZHFEN, TTRBEIHEER.
2.2 IFEMERENEESE
2.2.1 Bl

SERERE, wEYHLHERD (LE 9, EREEHRHEAFEENH
B, SEPERAE F1. F2, (BEMEME MC BB, £ MCHIREN 2mg - L™
FemRsid, —RE{EAR 10-208MC, A TTRERREI KN MNERE
X MC HIRBHR R, MFRABNEMEED. £5HMER S B DM
FE N PR, LR MC fEARR, F&ﬁﬁﬂﬁ%$ﬁ%$&§£$ﬁﬁﬁﬁﬁ%$
¥, AR AFTHER MC, FILEEMELKIIEEH NB B4 AR
HERBETEEKBAT, LREAHEREINAD. HEREFHRK, &
ELR LSRR KEN, it RTHTRBCERE, SEmEAT,
SRHERNERL, BRGRNERE.
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3 '-*J?_\._‘*.n'
[
oy
¥ -j‘ £
..: By 9
e "B {”:4.
EHRIEFA . WEYTES EHRERE: REYRRED

Bo: EENEEELRE

Fig.9 Comparison of the microorganisms after enrichment

2.2 2 MEREERME

MC remalning(mg.L™")

5§g;z

it
B10 23 REEIR AR MC HEENRE

Fig.10 Degradation diagram of MC by twenty-three isolated strains in four days
HEEERSHEMERF, AR ELMERERKENRANE, &%
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RIRABEERTRETREYRBEE MC iR KEPHR DEREY
2mge L7, MM NB EBRE, NAKREREEMELDTE 6d /5 HPLC B
ER NODATA). S E RN EMAr R TR, 2 HIAXS. Bl iR,
f)LB Nt EEREEBBENER TS HATE, &84 D-6O-1. D-GQ-2,
D-NH-1. D-NH-2. D-NH-3. D-YK-1, D-YK-2. D-YK-3. D-YAl-1. D-YAl-2.
D-YA2-1. D-YA2-2. D-YA3-1. D-YA3-2, D-YA3-3., RN GajEE® 5=
KEEPRIRERRE W2, W7, F1. R RSB ERITFHHFREE XM, X0, LzZ.
E.coli, 3% 23 #48. ARG THTRERERTR, RIBEIDE MC &
e HE KD, RANE AR LA (RE 100. A 10T LES:
XM. W2, D-NH-2, D-YX-1. D-YK-2. D-YK-3. D-YA2-1. D-YA3-1. D-YA3-2
AR A RERENE S0% L, RMHEHORERS.

BEEETHS MCRES 186 mg+ L, WEEERBRRRELEDMNAK
BESITRAREE, S20E 1. 87, HAxTFEEERK, W2, D-YK-2.
D-YK-3. D-YA3-2 ERKE FNAGTREMRMAES, HEBREDREN
MC & FREEIREnMEs ). ZERNMRLRTEN, W2 H
RGBT RAERE, SEBHTHXERES TR,

MC remalning(mg.L™)

d & a8

% v & 9 9w
I ¥ 222
< > >'>'>_
a &

B 11 ARMEEIRAR MC KRG LE
Fig.11 Degradation diagram of MC by nine isolated strains in four days
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2.3 W-2 SEHMEMEE N5
MEREFFRRLERTRIL, HEEHRST MC HIEEEDFRE, T
W2 SH—HELLBREHB@EEES, HMWEREAN -2 SH BT REEE T
. W2 SHEERS. ARESERIE SRWES:
£S5 W2 EERBRNESRIL
Table 5. The morphological characters of W-2 strain
HHS W-2
[ Fexiived A HE, RACHE, TEY,
JERE, BT, G%EF

RERPE G*
HPFEAAFE BE
)0 2 7 ML
*H x
BE x
120%
100% |
f 80% P _."‘2DDNMC !
§ 60% | —8— 10ppedC
B O40% —a&— }0ppmMC
% 20% ‘ .
0% L'} x HY
ly; 2 4 7
BERE (D

B 12 W-2 SEBERR MC HI3RE T 8RR R A
Fig.12 Comparison of the degradation rate in different MC initial concentration by W-2 strain
EFFE MCIKRET, W-2 SEHNBRENERARN (LE 12), FEEK
BF (MC2 mg « L) HEGRMEELES, tRATESE 63.5% % MCIKE
%10 mg « LB, MRRMREME, TRIUEME 30%LH; ERRETEFERNR
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—

KRR EREY, EHERELMGT, FRAMCKET V-2 SERMBRNE
AR, BlREEE, MERR, BEREN MCERTABEMERKE —F
BIHEMER, PR T AR MR ZERPRIER MCIRE LI
WMHEMAE, MTLRERE: BTEELREFRLMFITESERT, K
SRS, EHER, SR, HE MC TRERE, BA%E, MKETK.
W-2 SEXAF MC RS EREMR, BIEmeEnARMER (E 13):

W Y AR
O J0EENNE

B 13 W2 SEHESRE MC R4 T BRI ILE
Fig.13 Comparison of different MC variants degradation by W-2 strain

3 g .
BRKFRPAEREROHXHFRE, TRATHEYGX MC RIEH
FEMFERD . FKRZAREAKEFIBREHEAARERED, &
B, MBAKETSEMERRBEET MC 87 —E BN, 7
MC BEE R ZHER, FREEEAEE | $k® | Rk
RIgRIIPEAR MC -, BTl MC R R ENFER, MR
MC B R B EIEH R ART.

Hil, BERAMRENBERETREFNTHEERERE (Pseudomonas
aeruginosd®™). WEMEME (Sphingomonas™™ %) MERE (Ralstonia
solanacearun®), HPEHE ST BN EE MC: BEREKERBTFYER®
MC-RR F LR B3R 24 81K 13. 0 A1 5. 4 mg « L, FHH FFLy A MC-RR A1
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LR FER A RE 20.0 50 12,9 mg» L7, FHFEEH, KEDEHEMNPEHE
% MC BENHAE. X W-2 SEEMEBEINTIRETR. EERRET (MC2
mg + L) HRBHMBMEEES, LRATRE 63.5%; % MCIKREN 10 mg - L"
B, FRAERNCERIR, LR{IUEME 0%EE; ERKETEERICERERS.
SRS TERARRERITREIRY, FETHERES X —TE,
TEMEIRER MC &1 F, BHA MCE— &MY, MEREENEHEIL
MEAREE S, MEBKRENMCEHET, MCEHRENAREINEKET—E
HEDEIER, WiTst—F KT B0, BXKEPRAEHRETRE
Bieh, BAGEMESEEN. BAKGHREAENRENETEALR,
BEEMNEKEFHRLBER, T3 MC AH—EBMaEN, TRKERENH
FHYER. 26, LRAFEHBREL MCHER. ANEERFHT
KR MCIREBRAZER S, WHREERTHER MC KIFEH.

Ak B AT R MC BN ERRAEENESFEN RME—
STERNNEESE, ATTHEEAEEENERER, BELERTEX
RHUBETERY, TUEERMNEATE MC HaEd. EEEFIERBEREN
R, BHESELVMLE, MEYHEHERD, RREREEXNBRED MC
SROEHEBAENY. BESHATAES, RERTREDTHFEMHFN
Ak, BESBARKEEEEREEEIZE N FREFIDAREBE. £V
FERRA MC R ZR P, A EEFFRERABRNMEERRS, THER
WX MC EERENREZE, RECTNEDRARE, RAEERSEE N
MC, HERFEHFE—THPA.

MHLRAE, EARAMRIRERRY, EENEYEFLREKE
i B BER MC A FIRM AR, LG R 5 ER PN SR,
HY MCETHERARE, YARBEEAFHMCHRERE, MKEER
WA A EERTANESEANR, SHRBMWERRE MC WREFH
= HRTFYMLE B ER MC W ER, STRESBRETHEDH
BN MC BRRE BT REKEHMENERNEEL —. B4, BEPHE
B EEKENOHEYSBE OTHERESBER MC ERERNA—
AEE. EERKGH, EEKBERHEN MC 5 TRT LN RN E
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®, MEEEFLKED, REKEMKEERERERIE, KiETERIR
IR H] MC R ZRtAT AR, BEMRE, WK EERMER P EERRRK
FE SN REORE, EXMHEH T HHED B TRRNESMUTN MC TR
EENEARL D . B Rk REYERSTREME, HFR MCERE
M RELM TR, AFEEMNEFERNL.
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ENE MCIEMNAEEPNESEYEBEEEEEBERED
It BINEE

EEEFLKESR, MC WEYBRBERKTIENTERELRRL —. B
CEEERSRETRRMERMEYEREREKEPMEYERS MC
HFERMMEER S, hER5REYRRENER 8. XRHT 49 mH
MEA BB MC MARBN, TAKLERA BT BEEEET T TNREE A
2, XHESEWHESEYE MCIREF &, FRITYMLH BB MC MR
WEF, Bib, BEFREYHEREEEKEFHHMEDEEZETRES
WERT MC BEEERNE—AEE. EaK/KET, FEKERAN
MC 5 F#4T AT E A YR, MEEEFLKES, RAKEmkk
FHEEE R, KETRERABYTH MC R BT CEMR, TEEKEE
BEAERTEEHRRERFERETE, &4 T REBERRENT MC
BRI EERZ. R E AT MC REBRTEN TR T2ER, B )RR
R R BT IS IE, IR MC ERERFEREEHTHERE, EHEE
AR Y, ALRBEAEARE, SFLEPE 11 LARBHER
(s A I E R AT X MC HIRRRERE T, S ITEREFRKEXT MC RERE
BRIBEE, FAERPAE MCHEBREEEE.

1 SRR ZE
1.1 che{XaR |

=EELLHL. EEKER. EREFE. REA. B, SREKA.
BENCKMAN 75 %% A8 8.1% (HPLC, G, £, 4. 5X 150mm, 168 ¥ #|28). ODS (Cis # )5
COD 1. BOD {X

1.2 R EFLE
Eligzﬂﬁﬁﬁﬁﬁ)m@ﬁ%ﬁ%f&ﬁ BHE AR EKBFPREIEE 6, BEXSE
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fa RS EHIME T 4CIKE AR
R 6 FNREERAIRE . B A FAFLKBERRA

Tab6 Background information on samples

FFe KM R SRR AKERR
D1 LKA 1 2004.9.4  HEENE
D2 FHXM/KERFAL 2  2004.9.4  MESMENLLE
D3 R\ —FkihE—Kit  2004.9.4 2 HMEFELEKARE
D4 % FE 5 — 2004.9.4 — P HZATEBERAKE
D5 MR — 7K 2004.9.11 {FEFRBRRKE, WAEKHETHE
D6 TJo % F B 2004.9.19 KEEEFL, BRAERERKE
D7 TRERE 2004.9.19 HREKE
D8 HOCNPE A 2004.9.22 HERKE, HBREGHE
D9 EHrEFEE UKL 2003. 9 HEEFHMERKERE
DI0 HIb3 B 2004. 10 LES: I s
EERRKE

D11 Eith 15 &

1.3 MC Y RE5 97

2004. 10

LRFRAPRA LR ZHEN MC (FRLE),
1.4 KRR S MR ESRRIRE

PRI 1g JEYE, In 2ml TEK, RBIVEIIEIR MC TTiaRELR, ¥

By Figw 0.2mL /Ed 0d, HGZEESE 3d. 6d. 10d 4 HIE 0. 4ml. B ER EWE
0.2mL, _FERIBRFELE 4°CoKFERF HPLC Rl

1.5 37a iR T ERE

SHARREX 1g JEE, TRARAEF

1t 48h, FEHETE.

1. 6 #EIScId chEEREA P A0IR TN, TP F1 COD A9 2
BE (TN) MR (TP) MIEFES AT THBRERA LI E

. I REBREE BRSO ER, 2R OKNEKRMI TS (B

iy 1126]
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1 F§ HANAAC9800 COD {3 r&rfl A [F)#8 A iR 8 A 9 COD 1.
1. T RRBYUHER MC MERFERESRENTE

S RIFREY 1g EVR THETRHES, A 10ml BEK, FRAEBEEHRE TR
R N ERBMETE Inl LERTEEFIRT, A 2ol 4+ REFFER,
WRIEHER Smin (NFEN 15L/min) BRERFHES 0,<C. lmg/L FITHE
SABNAREE=, ELHKE, FHAFHOBEHEOFS, WET 120r/min
FI#ER b 28°CIERIESF 48h. RIEF R W REE, WAEE MC B EAER
(NB ¥&3%3) 1, #ITHMELY, FHB LK 0. 2nL fEX 0d, HESAES
9d. 4d. Td B 0. 2mL B0 BRI 0. InL, HSBEELE 4CHKBEPF HPLC
il MC # E3E4k.
1.8 MC REHEEBERNSE

¥ BLH B ARG /1 B R R LT R B PR, H7E S0OCRREFEFHEFIE
% 24—36h, WITRBRYBEHE, FEEERASEH, HEEZHENIRK
ARENEEMETRANENARES, VIEREREE BEARAENT
. EXgkaivicHRFERERLREA.
1.9 MC REEBEERELEH B

A ENATREREITREMMRIR, SREFLETE. 4. RE
LSFETAREARE ., FIEASTIESF 24h FEEMA S MC BIRERFAET, HITHE
PSR, HELBVEWKO. 2oL FE0 0d, HEDHIESR 2d. 4d. TdEK 0. 2ml B
ERTELE 0. 1nL, BEMISETFERE 4'CIKE P #F HPLC ) MC IRER{L. B
SEIATE R &4 T 3T, BB BEFERE T EARKAE, HPLC il MC &
WA
1.10 REEYHEREE 7-1 BHREE

EF R RV AKFEHNYEERBEMEDARTOEE.

2 R 5L
2.1 R G MIPERR MC B ASHRIRE

43



(U - F kX
MASTER’S THESIS

—a— control
: —— control(dini)
é_‘ . —%— 1
: < ) "
24 8 —e-d3
.E 3 ;,: ' . - - d4
: N — ~¥-d6
S Eﬁ%;i Y —-d7
A - o d8
) k -
oD 2D 4D 7D ¥ d9
time(d) - ——d10
——d11

B 14 AEERYN MC RE LY MERELLE

Fig.14 Comparison of MC biodegradation at anoxic condition in different sediments

MR RME 14 B, SFERFEYS MC ERGHEERRET, 57
£ D1. D2. D5. D7. D8. D9. D10. D1l RREFMH, —AH MC LA
=k, £ HPLC #rill, SLRF¥IE MCREF =R, HERTEEZATAH
FEESHEE —ZEH MC, BRT MC B UURERN MC FI% et @
HEEHMAR, 88T MCHTRBRERIITFEER. LR RHEEKHA
RIBHAWE, &REVERERRAT —ENRE, 7L MC RS REFHSE
BIEE, RIENEHR SRR, R HPLC Rl R E EE~ D HI, &
— B A MIRIREAE{E A . i HPLC 2Bt R, AHERNEDEER
2R EEAR. WM D1. D5. D7, MESBEFEREE~DHIL, B
BEfEPEHIBE MC B /-D T £, T D2, D6. D8. D10. D11, FRTFE+H 1
HEEY, BEBESE MCRHELSTRY, FERPERLEEN: |
BoRE S MR MC BIREARIBAIE, MBAETREPRENBI=YMER, WD R
IS EAR, TAMTHAER (BFER MCRR, REFKHEAA

RERIT=PINE) o




A\ AR -
MASTER’S THESIS

3. 0000
i _4-!1.000
3.0000
)
=
i

Absuorbance («10-%
o n . Pt
Abmorbance (= 1077}

Z.0000
e
)
B
cH
R

( —
BT
: i
: 1
3 i
H
H

. H
: n
M o H
H H
H
: H
H
H
L4
H
H
*
H
H
H
H
H
H [
= [l
- H
LTTPV T I TS ——

T = JiF
00000 1 +
-l I P 1 1 1 i r N 1 PR ,_

5.00 pmfurud

FE (7d) BRH D3 (7d)

4%
4.0000
4,001
H
i

Absorbance (=191}
(}m
. Abnorbance (x10-3)
. é %
. Absorbance (=03
0.0000 2.0000 . 400
ii W EE

----------

: : & T/min 3 £ & tfmin 5 ?8. ngmm:

'E* | £ | DS SHEBM |
- : R
g. g, W
E3

D8 (4d) | D8(7d )

45



EPAN 5 LA
MASTER’S THESIS

3 g | D9 B4 MC
: g %ﬂmé
s 5. ﬂiF%ﬁ
= " wu&s
3\\/\\__\—‘—7 g e
d&}—-———— y g A ——— é—'—w—‘ ? T/an E g E
D9(4d) D9(7d)

B 15 EiREYRER MC #) HPLC &
Fig. 15 HPLC chromatograms of MC biodegradation by different sediments

2.2 R TFERZE

—o— water-weight in sediments
5 —a— MC initial concentration

N

(B) Waunpas uy Juajuos-iaiem ay

MC remaining(mg: L")

D4 D5 D8 D3 P93 D2 D10 D1 D11 D7 D6
samples

16 AREIEEEKEBRH G MCIKEXRRER
iFig. 16 Comparison of MC initial concentrations and waier-content in different sediments
BEUEAEBBERENTERN, MAREFEGNSKEBFERER
(fnE 16). EME 16 TUED, ¥ MCNERRKENTEREMXME,
] ) MC B RER T TEXERXRR, T8 MR 5L 5 77 75 e JE #4975 P4
H, TERHNBEHREHNTESERESBRANESHMERTXR. 221 MCRE
iR, RERRE: dTARKEEPHER /K MC, KET MC B
AR EPEST MC B fE BRI FIEE T AR, BT MC RIFTR BN R T /F

EEFRF

a6



WEEELE e
MASTER’S THESIS

2.3 MR B P RERR A RIS TN, TP UE

TP(mg.L)

D1D2D3D4D5D8D7D8DADIO 11 D1 D2 D3 D4 DS D§ D7 D8 DSD1D11
saYpies sarples

B 17 HAL PR HI% TN, TP &

Fig. 17 Comparison of the initial content of TN and TP in different degradation

solutions
-4= TN 4

-~ 1 ) %
o 35
3 s
3 ‘8
5 &
F r

0‘-"

Dt D2 D5 D7 D8 D9 D10D11 Dé D3 D4
samples

18 N. PEMCHREENXER
Fig. 18 The relationship between MC remaining and TN, TP in different degradation

solutions

G REH. AEUERESBAEMY IN. TPEHEAKEN, TN, TP KFERM
MC B IEFE .

47



EB\ AL F R
e/ MASTER'S THESIS

2.4 IS PR AR 4084 00D M E

-70

o
[

-~ l\ ~-& CCD 60

" R

e B . —=7D-MC

g' \ 50 ‘g

L3 3- 3 N

g ‘\\ ,g

[= L

’g 2w *\ 30 -
\ =20

=4 1+ \\

Q | . 10

£ o e SR

D5 D8 D7 D9 D1 D2 D4 D11D10 D6 D3
samples

19 IR P EAEHF COD HS5 MC REEMXER

Fig, 19 The relationship between MC remaining and COD in different degradation
solutions

M 19 RN, BRISLR S REMBEF COD EHRAERM. D5, D8 S
& COD R #, BrREENEE, K MC EREEEHEE, HHRARMLKE
B RASERTREFEWEKMNTR T MCRIHME: TXRHHL CODE
BACRBES N D6. D3, HEMEEHEE, HTREFRFILTELERRELE
EEEK, BAMT MC FIM4; D4 SH COD EEMR, MBRENE &F&
S¥T, EHEKEER, N. P EHRE BUTSELFHREFFERD,
EZLREH T REREMEES.
2.5 EREYMR MCHIEFRBESEBNIE

8 MC YRR EE 20.7mg L7, A 10 4SRRI BB, T MR
s, HTHBEERANERFHERE, AEHCKD, M MC HHREX R
&, RUMERRERZE. T—TAERNEREAEE, EX5TER.

PERBEEIN 10 LREHSFESREY R, HHRAREEM MC
HIREAEEEL, 7E 0d. 3d. 7d. 14d. 20d BU#E, i HPLC Rxdl MC (W 20).

48



WK EE L2
MASTER'S THESIS

—

1=
10
o9~
-~ —u— control
- B —d1
E’ 74 —— 42
= d3
? & = (15
? 5= ——d6
E 44 —e 7
- 38
g 3 ——d9
24 < d10
1 i (411
c L] L) ! L) 1)
oD 30 D 14D 200

tima(d)

B20 BAEKIEREL
Fig.20 Degradation diagram of MC by mixed anaerobe strains
wEEge. M D2. D5, D6. D7, D8, D9 . D10 £ EHEEEEN MC

HRIRNEMRE, 720 RATLIREE MC T0%4KE%.

10 =10
-« - -
w @ MG mg.Lt &
g = ¢10°cel-mL” =
6~ =6 >
g
e -4 ?_
g 2= -2
u ) L4 ¥ T L] Ll Ld L] L] Lg o
T ¢t 9 8 % 2 5 8 8 2 %
H _
samples

Al 21 20d RA BRI A MC REERXR
Fig 21 The number of bactetia and amount of residue of MC by mixed anaerobe strains in

twenty days

49



W B LA e
MASTER'S THESIS

M-+ RNBEEKE TSR MC REZLLE, BB 21 AT LUEY:
10 MARBSENOEERBEL FHE—IMEER 10, AhaEEAST
MC HIFEBREWRIZA KR, G682 REENESHILE, AW D2, D7, D9, D10
SHABBHRIMBREED.

B2 DTRATPREEES
Fig.22 The character of D7 mixed anaerobe strains
22 % D7 SERMBARFNAREEELS, B FRELETE
WS, @ D7-1. D72, KEREEERSRNAERESSTEDR 7.
B 23, 24.

£7 D111 D7-2 5% RBRR AR
Tab.7 The morphological character of D7-1 and D7-2 degradation bacteria
7 357 b7-1 07-2
BEHR D BE, OREE R B AEER SHEEHE,
B, wE. BT®R, 4 #MEE, FEY% BEE 2

HEF STEFEEMENR
BEERERE G G
AWRES HOREUEFR B
ARHEY XERAE BAE

REAREE Ad PR A]FERR 45, T% 4d AT FERE 10. 3%

50



A\ B AR X
MASTER’'S THESIS

- -
4 . v
’
1 i
Fl -
o — * "N100%10 1%

23 &S D71 BHREEREENAREE
Fig.23 The morphological character of D7-1 strain

- -x

- '1.
1 1100%10

B 24 B4 D72 BRERESANGRES
Fig.24 The morphological character of D7-2 isolated strains

2.7 EE&MT D7-1 0 D7-2 Hx) mMc FERERE H 4

1
1
1
1
1

-
&
E
=4
£
E
[.]
E
[
-
Q
=

HBORMEAR 71 7-2 THAAL TRAH
samples

B 25 LERAEARARENER
Fig. 25 Degradation diagram of MC by D7 isolated strains in four days

51



o/ MASTER’S THESIS

HE 25 ERE/R: D7T-1 SHEAFRRAIFESE MC 88, IWRAT]ELE
45. T%; D7-2 SHHRARRE /125, (X AIPERE 10. 3% MR D7 S BB E&HF D7~
MD7-2 AAH HRMEE NS DTl SHEEHZERARE, TR D1 SHE

IR B MC 1 = K.

2.8 D7-1 B%EE
HIRfehn: EZKHEYE, ®#ERE, EFRIEXHFEK.
FEALTER: |
| PULES - T T ; |
fub + AT -
H2S P=4 (TSI) - LR -
MR + REBE -
V-P | - R -
wER - | HERE -
EE (FH) +

Er 4”7 ARABER: -7 ARAHSR ..
B LIRS, 2% (AEEEEFER) (BB H (ELAH
RELEEFEM), VS EEEHKBTHITER, BHEER Proteus sp.

( Enterobaceriaceae) -

3. iFie

EEEFKES, MC NEYRBRKHETIERFRREL —. &
T EERSBBIRRNERREYERILREKEFHREDEE MC
HERMERR D, HERSEABYIHRENSGR . EARKEF, L
EKFETIA I MC B T#IT R REYER, MEEEFRUKET,
RAEKERKSEREEERE KETERTRYFK MC AHEHETIHER
#, T EEKARENERFEEERRESFKERENE, IMEFTRE
RSN T MC BB EERE. AMANERSSRERRE, KR MC
HREHRN, H3T R RAEYEAEE MC K EPEEZREER.

52



(X i+ it X
/ MASTER’S THESIS

R E 11 A FRBREEFRERERIFE T3 MC 1R, Fo
HEBRRSRERBHREKEHEFZ BRXR. ERERER, AARNERRF
ST EAE TN, TP EBEXREAN, REFRREIKPEFRES MC B HRIEM:
. ERLRPEEBET COD EFRAXER. D5. D8 S COD HE .
ETRBRERAIFEE, HMCREREHIRR, BUERELEFMRESFEHTE
Yo A K WA F MC IR L; TOXHE A COD {E R HIF & 2 D6
D3, HEMEEENRE, HPREBBFALTEEKEELZEEREK, EART
MC HIFERE, B2, BERTDEFERSVAREREEMBMENNLERK, MC HIE
BIEXESROAREETEEXR, ENEKERME, HBNARASEH
MC R R 1L

EREMRTRI R, FRBEDHEBFEARERER BT HPLC
@ E 4w R, TRIERKAY BERENEE Y HREEANR, W D1, DS,
D7, BEIEPEHBEYHI, BEESYE MC FRZDbTTEE: o D2,
D6. D8, D10. D11, MMt A Eer=y Br-dasiarmE, EREE
Mkl MC IR/ TTIR D, B EROEEHBFE: FHHERIN MC fIE#ER
ke, BETEFRBMIEYHEI,. I D9, HERRRERHE—DIHA
wit, BT REEFRETR, RNERSBI—AFRRMER THRKER
W DI-1 B, 25FHHMREE, YHITER, EEER Proteus sp.
(Enterobaceriaceae), T A B THLE M AEEBURSE 4 B K HF S E PR B 5L
¥ ( Pseudomonas aeruginosa™). BSEREEE (Sphingomonas™™ ™™ ) FE
Hi® (Ralstonia solanacearun™ ), BRFENHAR. WM MC REEHFEE
£RKEMC FHEAT —EHNAE. BT B EEMERKRESBE
th MC [RAR A 7EE A B RE 12, M — Pl MC EKAFEFHHER &

ZEHERE

53



W\ B LT i
MASTER’S THESIS

10.

11.

12.

2 F X &

Francis G, 1878.Poisonous Australian Lake. Nature, 18:11-12

Uwno Y, Nagata S, et al, 1996.Detection of microcystins, a blue-green algal
hepatotoxins, in drinking water sampled in Haimen and Fusui, endemic areas of
primary liver cancer in China, by highly sensitive immunoassay.
Carcinogenesis, 17:1317-1321.

Pouria S, de Andrade A, et al.1988. Fatal microcystin intoxication in
haemodialysis unit in Carvaru, Brazil. Lancet, 352:21-26.

Carmichael WW, 1992 .Cyanobacteria secondary metabolites-the cyanotoxins. J
Appl Bacteriol. 72:445-459

Lahti K, Rapala J, Fardig M, er al. Persistence of cyanobacterial hepatotoxin,
Microcystin-LR in particulate material and dissolved in lake water[J].
Wat.Res.,1997,5: 1005-1012.

Tsuji K, Masui H, Uemura H, et al. Ananlysis of microcystins in sediments
using MMPB method[J). Toxicon, 2001,39: 687-692.

R, Bk, £18,%5. RAK. HEEZEZENXHEHNHEXED]. e
BE 2 4%, 2000, 34(4): 224-226. |

SRR IR, EER. KFERHMERERTHREI. HFEHFH
%%, 2001, 14(2): 57-61. |

sSEE, RER, $BEE BKKEPHERERTTSRED. BEX
224, 2001,22(3):129-135.

Park H, Namikoshi M, Brittain S M, et al. [d-Leu’] microcystin-LR, a new
microcystin isolated from water bloom in a Canadian prairie lake[J]. Toxicon,
2001,39:855-862.

x)KGE, T, BIEF,%. PEELEHAM], R RDIUHRIE,
2001.10.

Sano T, Kaya K. Two new (E)-2-amino-2-butenoic acid (Dhb)-containing
microcystins isolated from Oscillatoria agardhii{J]. Tetrahedron, 1998,54:

54



A\ 5 %

MASTER’S THESIS

3.
14.
15.
16.
17.

18.

19.

20.

21.

22.

23.

24.

463-470.

R, hBx. HBERBES THENERRERI]. KEEYER,
1993,17(4):365-374.

de Maagd P GG Hendriks A J, Seinen W, ef al. pH-dependent hydrophobicity of
the cyanobacteria toxin microcystinLR([J]. Wat. Res., 1999,33(5): 677-680.
Carmichael, W.W. 1994, The toxin of cyanobacteria. Scientific American.
274(1): 78-86

Hunter PR, 1995. Cyanobacterial toxins and their potential risk to drinking
water supplies. Microbiology Europe,3: 8-10

Falconer IR, Jackson ARB,et al,1981.Liver pathology in mice in poisoning by
the blue-green alga Microcystis aeruginosa. Aust J Biol Sci, 34:179-187
Runnegar MT, Falciner IR,et al, 1981 Deformation of isolated rat hepatocytes
by a peptide hepatotoxin from the blue-green alga Microcystis aeruginosa.
Arch Pharmacol. 371:268-272

Lovell RA, Schaeffer,et al, 1989.Toxicity of intraperitoneal doses of
microcyatin-LR in two strains of mice. J Environ Pathol Toxic Incol, 9(3):
221-237

Mackintosh C, Beattic KA,et al,lQQOleanDbactcrial microcystin-LR 18 a
potent and specific inhibitor of protein phosphatases land 2A from both
mammals and higher plants. FEBS Lett 264:187-192

Rao PV, Bhattacharya R, 1996. The cyanobacterial toxin microcystin-LR
induced DNA damage in mouse liver in vivo. Toxicology, 114(1): 29-36

Ding WX, Shen HM, et al, 1998, Studies on oxidative damage induced by
cyanobacterial extract in primary cultured rat hepatocytes. Environ Res, 78(1):
12-18 |

Baganz D, Staaks, et al.1998.Impact of the cyanobacteria toxin, microcystin-LR
on behaviour of Zebrafish, Danio rerio. Water Res, 32(3): 948-952

DeMott WR, S Dhawale.1995.Inhibitoin of in vitro protein phosphatase activity

in three zooplankton species by microcystin-LR, a toxin from cyanobacteria.

55



SO zE L4 b X

| MASTER’S THESIS

25.

26.

27.

28,

29.

30.

31.

32.

33.

Arch Hydrobiol, 134:417-424
Rohrlack T, Dittmann E, et al. 1999, Role of microcystins in poisoning and food
ingestion inhibition of Daphnia galeata caused by the cyanobacterium
Microcystis aeruginosa. Appl Environ Microbiol, 65(2): 737-739
Matveev V, L Oberer, et al.1994.Study of the ability of Daphnia carinata King
to control phytoplankton and resist cyanobacterial toxicity: implication for
biomanipulation in Australia. Aust J Mar Freshwater Res, 45:889-904
McElhiney J, Lawton LA, et al.2001.Investigations into the inhibitory effects of
microcystins on plant growth, and the toxicity of plant tissues following
exposure. Toxicon, 39:1411-1420
Kurki-Helasmo K, Menilvoto J, 1998, Microcystin uptake inhibits growth and
protemn phosphatase activity in mustard {Sinapis alba L.) seedlings. Toxicon,
36(12): 1921-1926 | |
Abe T, Lawson T, et al. 1996. MC-LR inhibits photosynthesis of Phasecolus
vulgaris primary leaves implications for current spray irrigation practice. New
phytol. 133:651-658
Himberg, K., et al. 1989. The effect of water treatment progresses on the
removed of hepatotoxins from Microgystis and Oscillatoria cynobacteria: A
laboratory study. Water Res, 23:979
Jones GJ, Boume DG et al. 1994, Degradation of the cyanobacterial
hepatotoxin microcystin by aquatic bacteria. Nat Toxins, 2 (4): 228-235
Ressom, R, et al.1994 health effects of toxic Cyanobactcria of Australia,
National health and Medical Res Council.74
WHO, 1997.Report of the Working Group on chemical Substances in
Dringking Water, Geneva, 22-26,1997.Section 5.2, Microcystin-LR. World
Yealth Organization. Geneva

0 P, Kruger H, Viljoen C C, Isolation and characterization of 4 toxins

“~een alga, Microcystis aeruginosa[J]. Toxicon, 1982,20(6):945—

56



(BB #+3ii#x

MASTER’S THESIS

35.

36.

37.

38.

39.

41.
42.
43.

44,

45.

A.).vanderWesthuizen, J.N.Eloff, Toxin extraction from the blue-green alga
microcystis aeruginosa by different extraction medial. Limnol.Soc.s.Aft
1982,8(2): 76~83.

H.W.Siegelman, W.H.Adams, R.D.Stoner, D.N.Slatkin,in: E.P.Ragelis(ED.},
SeafoodToxins, American Chemical Society, Wash-ington,1984,p.407.
K.-.Harada, M.Suzuki, A.M.Dahlem, V.R.Beasley, W.W.Carmichael,
K.L.Rinehart, Improved method for purification of toxic peptides produced by
cyanobacteria. Toxicon 1988,26(5):433~442.

P.G.-].deMaagd, A.J.Hendriks, etal. pH-Dependent hydropho-bicity of the
cyanobacteria toxin microcystin-LR. WaterRes.1999,33(3):677~680.

] Fastner,l.Flieger.etal. Optimised extraction of microcystins from field
samples acomparison of different solvents and proce-dures. WaterRes. 1998,
32(10): 3177~ 3181. |

C.J.Ward, K.A.Beattie, E.Y.C.lee, GA.Codd, etal. Colorimet-nic protein
phosphatase inhibition assay of laboratory strains and natural blooms of
cyanobacteria: comparisons with high-perfor-mance liquid chromatographican
alysis form microcystins FEMS. Mi- crobiol.Lett. 1997,153(2):465~473.
T.sano.Tomoharu,Kaya, KunikitsuetalTwoNew(E)-2-Amino-2-ButenoicAcid(D
hb)-ContainingMicrocystins Isolated from Oscil-latoriaagardhii, Tetrahedron.
1998, 54(3-4):463~470.

T.Ooi, T. Kusumi, H. Kakisawa, M.M. Watanabe, J. Appl. Phycol. 1(1989)31

C. Martin, K. Sivonen, U. Matern, R. Dierstein, J. Weckesser, FEMS Microbiol.
Lett. 68(1990) 1.

M.Namikoshi, K.L.Rinehart, R.Sakai,R, R.Stotts, A.M.Dahlen, V.R.Beasley,
W.Wcarmichael. W.R.Evans, Identification of 12 hepatotoxins from a
homerlake bloom of the cyanobacteria micro-cystis aeruginosa microcystis
viridis and mirocystis wesenbergii:nine new mirocystis J.Org.Chem.

1992,57:866~872.
W.P Brooks,G.A.Codd, Extraction and purification of toxic pep-tides from

57



(T FEF AR L

MASTER’S THESIS

46.

47.

48.

49

50.

51.

52.

53.

54,

33.

56.

natural blooms and laboratory isolates of the cyanobac-terium microcystis
aeruginosa. Lett. Appl.Microbiol. 1986,2(1):1~3.

J.S.Metcalf,G.A.codd,etal. Microwaveoven and boiling water-bath extraction of
hepatotoxins from cyanobacterial cells. FEMSMicrob.Lett. 2000,184(2):241~

246.

PR, A ES B N BT B R 1R BER4£,2001,23(2):96~
99, |

W, FH S HMASMEREREREEKEPHRE AT GRIGE
B A 51 %,2001,2(5):10~13.

FH . BUES. KELEFFIHNFER]
££ 2001,13(4):376~384.

SRR RMEE ARAENEIRECEENE KT REUERER 2
L 2T 5T 45,2001,29(5):522~525.

KFER BPIEZHBKERETRERARENTR. FEXZH
& 2001,21(1):1~3.

HannaMazur, MarcinPlinsk Stability of cyanotoxins, Mc-LR, Mc-RR and
nodular in seawater and BG-11 medivm of differend satlinity
iPolandOCEANOLOGIA, 2001,43(3):211~215. ;

K.-1.Harada, K.Matsuura, H.Mureta, M.Suzukietal, Isolation and structueres of
the minor component sassociated with microcystinsLR and RR in the
cyanobacteria, TennenYukiKagobutsu ToronkaiKoenYoshishu 1989,31:648~
655. |
T.-H.Lee, Y.-M.Chen, etal. First report of microcystins in Tai-wan. H.-N.Chou,
Toxicon 1998, 36(2): 247~255.

J.Cremer, K.Henning, Application of reversed-phase medium-pres-sure;

liquidchromatography to the isolation, separation and aminoacid analysis of

(4]

a5 a0 8.8 E

twoclosely related peptidetoxins of the cyanobac-terium microcystis acruginasa

strain Pcc-7806. J.Chromatogr. 1991, 587(1): 71~80.
J.Cremer, H.Meyer, K.Henning, separation of methyl lated and non-methylated

58



B\ 7+ 4
MASTER’S THESIS

cyanoginosin-LR homo]égucs of the cyanobac-terium microcysts aeruginosa
strain PCC-7806 by reversed-phase medium-pressure liquidchromatography.
J.Chromatogr. 1991,558(2):430~434.

57. M.Namikoshi, F.Sun, B.W.Choi, K.L.Rinchart, W.W.Carmichael, W.R.Evans,
V.R.Beasley, seven more microcystins fron homerlakecells: Application of the
general method for structure assignment of peptides containing a , B
-dehydroaminoacidu-nits. J.Org.Chem. 1995, 60(12): 3671~3679.

58. C.Edwards, L.A.Lawton, S.M.Coyle, P.Ross, Automated punfication of
microlystins. J.Chromatogr.A 1996, 734(2):175~182.

59. M.Namikoshi, K.Sivonen, W.R.Evans, F.Sun, W.W.Carmichael, K,L.Rinehart,
Isplationand structure assignment of microcystins from acyanobacierial
waterbloom (Finland). Toxicon. 1992, 30(11}:1473~1482.

60. K Sivonen, M.Namikoshi, W.R.Evans, W.W.Carmichael, K.LRinehart,
structures of three new homotyrosine-containing microcystins and a mew
homophony lalanine variant fronm anabaenasp.strain bb. Chem.Res.Toxicol.
1992,5(5):661~667.

61. M.Craig, T.L.McCready, H.A.Luu, M.A.Smillie, P.Dubord, C.F.B.Holmes,
Identification and charpcterization of hydrophobic microcystinsin Canadian
freshwater cyanobacteria. Toxicon 1993, 31(12): 1541~1549.

62. C.Martin, K.sivonen.J. Weckesser, etal, Rapid purification of the peptide toxins
microcystin-LR and nodalarintoxicol. invitro 1990,4(1):17~22.

63. K. Sivonen, W.W.Carmichael, M. Namikoshi, K.L.Rinehart, A.M.Dahlem,
S..Niemela ', Isolation and characterization of hepato-toxic microcystia
homologs from the filamentous freshwater cyanobacterium nostocsp.stratn152.
Appl.Environ.Microbiol. 1990,56(9):2650~2657.

64. Kiviranta J, Sivonen K,et al.1991. Detection of toxicity of cyanobacteria by
Artemia salina bioassay. Environ. Toxicol. Water Qual, 6:423-436

65. Hiripi L, Nagy L, et al.1998. Insect (Locusta migratoria migratorioides) test
monitoring the toxicity of cyanobacteria. Neurotoxicology, 19(4-5): 605-608.

59



N\ A F L
MASTER’S THESIS

66. Lawton LA, Campbell DL, et al. 1990. Use of a rapid bioluminescence assay for

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

detecting cyanobacterial microcystin toxicity. Lett Appl Microbiol. 11(4): 205-7
Miyoshi 1, Nancy P, et al.1999. Interference by plastics additives in the HPLC
determination of microcystin-LR and ~YR.37: 923-929

P Hyenstrand, JS Metcalf, et al. 2001.Losses of the cyanobacterial toxin
microcystin-LR from aqueous solution by adsorption during laboratory
manipulations.39: 589-594

Chu FS, Huang X, Wei RD, 1990.Eﬁzyme-linkcd immunosorbent assay for -
microcystins in blue-green algal blooms. J Assoe Off Anal Chem, 73:451-456
McElhiney J, Lawton LA, Proter AJ, 2000. Detection and quantification of
microcystins (cyanobacterial hepatotoxins) with recombinant antibody
fragments isolated from a naive human phage display library. FEMS Microbiol
Lett, 193(1): 83-88 |

Nagatas, Soutome H, et al, 1995. Novel monoclonal antibodies against
microcystin and their protective activity for hepatotoxicity. Nat Toxins, 3(2):
78-86

An JS, Carmichael WW, 1994. Use of a colorimetric protein phosphatase
inhibition assay and enzyme linked.immunosorbent asséy for the study of
microcystins and nodularins. Toxicon 32:1495-1507

Tsuji K, Masui H, et al, 2001. Analysis of microcystins in sediments using
MMPB method. Toxicony, 39(5): 687-692

Mehto P, Ankelo M, et al, 2001. A time-resolved fluoroimmunometric assay for
the detection of microcystins, cyanobacterial peptide hepatotoxins. Toxicon,
39(6):831-836 |

Bouaicha N, Rivasseau C, et al, 1996. Detection of cyanobacterial toxins
(microcystins) in cell extracts b;; micellar electrokinetic chromatography. J
Chromatogr B Biomeal Appl, 685(1): 53-57

Bateman KP, Thibault P, et al, 1995. Mass Spectral analyses of microcystins

from toxic cyanobacteria using on-line Chromatography and electrophoretic

60



W B LA d
MASTER’S THESIS

77.

718.

79.

80).

81.

82.

83.

84.

83.

86.

87.

separations. J Chromatogr A, 712(1):253-268

P, R 2001 K E T E T BN PCR RZE K EEYIFIHR.2512):
159-166

SRR, R, B/TES. 2004, RAKEDHERSRABEHIHIDHA.
AT Hisk % 7 55 31 58.13(1):84-88

Harada K .MFWatanabe, KHarada, wWCarmlchael, etal. 1996.Chemistry
anddetectlon of nllcrocystlns. Toxic Microcystins[C]:103-148

Moms R, Wilhams D. etal. The adsorption of microcystins-LR by natural

clay particles[J]. Toxicon. 2000.38:303-308
Rivasseau C, Martins S, etal. Determination of some physicochemical

parameters of microcystins (cyanobacterial toxins) and trace level apalysis in
environmental samples using liquid chromatography. [J]. J.Chromat. 1998.759:
155-169 |

Shephard G S, Stockenstrom S, Villiers D, et al. Photocatalytic degradation of
cyanobacterial microcystin  toxins in water [J]. Toxicon, 1998,
36(12):1895-1901.

Shephard G S, Stockenstrom S, de Villiers D, et al. Degradation of microcystin
toxins in a falling film photocatalytic reactor with immobilized titanium
dioxide catalyst[J]. Wat. Res., 2002, 36: 140-146.

Tsuji K, Watanuki T, et al. Stability of microcystins from cyanobacteria: effect
of UV light on decomposition and isomerization {[J]. Toxicon,
1995,33:1619-1631

Welker M, Steinberg C. Inderect photolysis of cyanotoxins one possible
mechaniam for their low persistence, [J]. Wat.Res,1999,33(5):1159-1164
Magalhafes V, Soares R, etal. Microcystin contamination in. Ash from the
Jacarepagua Lagoon(Rio de Janeiro, Brazil), ecological implication and human
health risk. [J]. Toxicon, 2001,39:1077-1085

Amorim, Vasconcelos V. Dynamics of microcystins in the mussel Mytilus
galloprovincialis. [J]. Toxicon.1999,37:1041-1052

61



N L S S
MASTER’'S THESIS

88. Lam AKY, Fedorak P M, Prepas E E. Biotransformation of the cyanobacterial

89.

90.

1.

92.

93.

94,

95.

96.

97.

98.

hepatotoxin, microcystin-LR, as determined by HPLC and protein phosphatase
bioassay [I]. Environ. Sci. Technol.,1995,29(1):242-246.

Cousins I T, Bealing D J, Janmes H A, et al. Biodegradation of microcystin-LR
by indigenous mixed bacterial populations [J]. Wat. Res.,1996,30(2):481-48>.
Rapala J, Lahti K, Sivonen K, e al. Biodegradability and adsorption on lake
sediments of cyanobacterial hepatotoxins and anatoxin-a [J]. Letters in Applied
Microbiol, 1994,19:423-428.

Jones G J, Orr P T. Release and degradation of microcystin following algaecde
treatment of a microcystis acruginosa bloom in a recreational lake, as
determined by HPLC and protein phosphatase inhibition assay [J]). Wat
Res.,1994,28(4).871-876.

Shigeyuki T, MariyoF W. MicrocystinLR degradation by Pseudomonas
aeruginosa alkaline protease{J]. Chemosphere, 1997,34(4):749-757.

Park H D, Sasaki Y, Maruyama T, et al. Degradation of the cyanobacterial
hepatotoxin microcystin by a new bacterium isolated from a hypertrophic
lake[Y]. Environ. Toxicol., 2001, 16(4):337-343. |

Mg, B, A, SEWREERTITHRBD]. £FFER, 200222 (11):
1968-1975. | | |

Jones G 1, Bourne D (G Blakeley RL, et al. Degradation of the cyanobacterial
hepatotoxin  microcystin by aquatic  bacteria[J]. Natural  Toxins,
19914,2(4):228—235‘

Saito T, fayama T, Kawauchi Y, et al. Biodegradation of microcystin by aquatic
bacteria[C], (MIVEEZRARHSESBE) BFFEATRE— RN
w=a (FH), K8, 2003, 11: 455-460.

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

Brourne D G, Riddles P, Jones G J, et al. Characterisation of a gene cluster

62



OB A ik X
MASTER'S THESIS

involved in bacterial degradation of the cyanobacterial toxin microcystinLR[J].
Environ.Toxicol., 2001,16: 523-534,

99. Mizuochi M, Saito T, Inamori R, et al. Strategies on control measures for toxic
water bloom using bio-eco engineering[C], (#IABE BREBEHELEEER)

HEFEA N RES— W NHESE (T, XL, 2003, 11: 402-419,

100.B R, BMAKF, TEHR. F B2 REEELEYERNVISH R
o E IR, 1999,19(2):138-140.

10155, iR, FE8,% EMKEEETHEFOEYREBLR]
KT U % PR 5 75 38,2002,11(1):43-46.

102.Tencalla F, Dietrich D. Biochemical characterization of microcystin toxincity in
rainbow trout (Oncorhinchus mykiss)[J). Toxicon, 1997, 35(4):583-595.

1036 K %8, MikFE, BEKA. FEFASHBERTENEXFE{T]. HEHB
%#,1997,9:49-56. |

104.Freitas M V, Moraes S R, Azevedo SMFO. Microcystin contamination in fish
from the Jacarepagus’ Lagoon(Riode Janeiro,Brazil): ecological implication
and human health risk[J]. Toxicon, 2001,39(7):1077-1085.

105.F5% %, ™1LE, fiE MERSRENEH U RKELEYHELERD.
TAERFEY,2002,31(3):214-216.. |

106.Datta S, Jana B B. Control of bloom in a tropical lake: grazing efficiency of
some herbivorous fishes[J]. J. Fish Biol, 1998, 53(1):12-24.

1079058, XK€, M. AEENT a3 ERER MC-LR FEHI8H
RC), PEEBEMEXSELFEISEANBLRERE T RERTRSE
— eI E S, 75/4,2003,11:139.

108.Kondo F. Formation, characterization and toxicity of the glutathione and
cysteine conjugates of toxic  heptapeptide microcystins[J].
Chem.Res. Toxiciol ,1992,5(5): 591-596.

1093 B =, B4, BFHHA, & A SRERNMERERZNESHERD
VIR, KEEPFEHR, 1996,20(3):284-286.

110.Best J H, Pflugmacher S, Wiegand C, et al. Effects of enteric bacterial and

63



W\ 5 P4 X
MASTER’'S THESIS

cyanobacterial lipopolysaccharides, and of microcystin-LR, on glutathione
S-transferase activities in zebra fish(Danio rerio)[J]. Aquatic Toxicology, 2002,
60: 223-231.

111.Casanova M T, Burch M D, Brock M A, et al. Does toxic Microcystis
aeruginosa affect aquatic plant establishment{J]. Environ Toxicol, 1999,14:
97-109.

112.McEtlhiney J, Lawton L A, Leifert C. Investigations into the inhibitory effects
of microcystins on plant growth, and the toxicity of plant tissues following
exposure[J]. Toxicon, 2001, 39(9): 1411-1420.

113.Pflugmacher S, Codd G A, Steinberg CEW. Effects of the cyanobacterial toxin
microcystin-LR of detoxication enzymes in aquatic plants{J]. Environ Toxicol.
1999,14:111-115.

114.Pfugmacher S , Wiegand C, Oberemm A, et al. Identification of an
enzymatically formed glutathione conjugate of the cyanobacterial hepatotoxin
microcystin-LR: the first step of detoxication[J]. Biochimica et Biophysica
Acta ,1998, 1425(3): 527-533.

115.Takenaka S. Covalent glutathione conjugation to cyanobacterial hepatotoxin
microcystin LR by F344 rat cytosolic and microsomal glutathione
S-transferases[J]. Environ Toxicol, 2001,9%(4):135-139.

116.Beattie K A, Ressler J, Wiegand C, et al. Comparative effects and metabolism
of two microcystins and nodularin in the brine shrimp Artemia salina(J).
AquaticToxicology, 2003,62(3):219-226. |

1178 E, R, HEE. WHEREERE MC-LR XY ﬁﬁﬁ ( Ochromonas sp.)
HBBENSMIC], TEEFNBECELREI B NBERERT
ZRERITRS—RIHER, %M,2003,11:154, |

118.Richard A H. Mussels as biomonitors of lake water microcystin: a final report
for the summer 2000 microcystin monitoring study[J}. Center for freshwater

biology,2001,5:1-15.
119.Vasconcelos V M. Uptake and depuration of the hcptapeptlde toxin

64



MEFER
MASTER'S THESIS

microcystin-LR in Mytilus galloprovincialis(J]. Aquatic Toxicology. 1995,32:
227-237.

120.Amorin A, Vasconcelos V, Dynamics of microcystins in the mussel Mytilus
galloprovincialis|[J], Toxicon, 1999,37(7): 1041-1052.

121.Williams D E, Dawe S C, Kent M L, ef al. Bioaccumulation and clearance of
microcystins from salt water mussels, Mytilus edulis,and in vivo evidence for
covalently bound microcystins in mussel tissues{J]. Zoxion ,1997, 35(11):

1617-1625.
122.Duy T N,Lam P K S,Shaw G R.Toxicology and risk assessment of freshwater

cyanobacterial(Blue-green Algae) tocins in water[J].Rev Environ Contam
Toxicol, 2000,163:113-186

123K R HHEEFERRKEERPHESEEHRRAZRAFEILT
3575 Y 5 55 ¥6,2003,24(5):265-266 |

124, 5%, %N, 5k, FEH. REEERNEIARAHAN A EREF
R, 2004,24(2):356-357 |

125. Nina G HansU. The extraction and stability of microcystin RR ingdifferent

solvents[J].Phycologia, 1996,35(6,suppl):80—82

126 BERHAFEEE, KHEKBRBSNHERES KRNEARERSTHIE (B

D) M) dbR: R EFSERFE R, 2002:243-258.

127.5% B X G AAEE. BEUEEEREHNHERNBERRI]. FEH
%,2004,25 (6) :49-53

=

65



N 5 4 X
¥/ MASTER’S THESIS

FIZR B S A RMFEARNIE

1. ZfH (D), (HBREXNENSALHRER), EPFRRKEARER
2004, 2:115-119

2. M/ (1), KABPHEEHFENEYREE), £EBE, 2005, 1:90-95
3. W (3), (BALHFXHEILIRFIE (Potamogeton pectinatus) ¥ 85 KR
Em), KEEYER (B8R

4. R (5), (MBERJFEEKBFITARNERFEHARED, EHHHX
224y 2003, 12: 82-85

5. R (5), (MBREFBEMNKESDVEREWHNTIRERD), EFIMBEKREF

FEEY AR 2005, 1:135-139
6. I (1), FELASANRELETHUREERUEYBMAHFD, (BB

)

66



N P R
*/ MASTER’S THESIS

SO

AVREZINGBIEENE ORI TRARN, BN EMER. SEKN
RS, TEANRERNEENIAN. FOERATESEMRES LN
THEHSEREAAD ! FRE OB =FERNREY FRARE EXRAER
X E5HET, Wilbe ¥ 4aRMERMER!

FEEIMTRGEPRUERR, RNEEE, B®ERHE, TUHEER.
=L [y iR Miﬁﬁﬂﬂﬁ%ﬁ%ﬁ%ﬁ%lﬁﬂﬁﬁ$F$%%% R
TERBEABRLIHR !
ﬂ%Tiﬁm@ﬁiﬁi%ﬁyﬁéﬁ%ﬁﬁéﬁﬁﬁﬂtﬁﬁ%%&
e BEZFERkSRFATHETHNERGHE. B8, BB W. ERZE. &
3. XAk BRSBTS E. NAE. BFE. KB, WHEIOHE. KEH.
- BE. BEE, ZENBENERD: BREEEINER LS TFRERFEBALISF
MERFERE. £FH. K=, BEE; BEENK, F. KB, BHEF.
BEY. B3, ik, A%, S8, g, BESIPHRITEA], AT
EEKNSE I EFPERE T ERZAFKERKBEMR S, B E¥5%K
HE. BRih. . BT, 850, TRELAELEESI LHANHARTE
RO, BESREARESHINEEES. IWE. FEELR. MNEH
MR ITAERISCR, BRED T —BRRKTUET IR .

RERNEREBIRA, BMNETFTE Y, NI RRM, o]
BAERBNIEHR. &R, MEARBERENNELS TREANEENR
B, ERMITABERA L FLRERE T SR LEMBEEHWHRLDS . FE MR
ZINEW RN TFRAEMHERSENEEER. MRILURBENHE.

&g, BRXHERL. FBBRRKHABUEERIEE!

F=
“OO0ORERLATHETFU

67



	封面
	文摘
	英文文摘
	华中师范大学学位论文原创性声明和使用授权说明
	第一章文献综述
	1.微囊藻毒素的基本特性和毒性机理
	1.1蓝藻水华及其毒素的危害
	1.2 MC的理化性质
	1.3 MC的病理与毒理学效应
	1.4 MC的监测及其安全性

	2.MC的提纯与检测分析方法
	2.1 MC的提纯
	2.2 MC的检测和分析方法

	3.MC在水体中环境的归趋
	4.MC在水环境中的生物降解
	4.1微生物对MC的降解和转化
	4.2鱼类对MC的降解和转化
	4.3水生植物对MC的降解和和转化
	4.4水生无脊椎动物对MC的降解和转化

	5.本文研究目的、内容及意义

	第二章天然水华蓝藻中MC提取方法优化
	1.材料和方法
	1.1蓝藻样品采集和处理
	1.2 MC标准样品及固相萃取柱
	1.3 MC的提取
	1.4 MC的检测方法

	2.结果与分析
	2.1采集的蓝藻样品中MC的类型
	2.2不同提取液中藻胆蛋白等细胞残留物的比较
	2.3不同提取溶剂对MC-RR和MC-LR的提取效果
	2.4抽提时间对MC含量的影响

	3.讨论

	第三章富营养水体中MC好氧降解菌的筛选分离及降解能力研究
	1.材料和方法
	1.1实验方案设计
	1.2实验仪器
	1.3水样的采集和处理
	1.4 MC的粗提与分析
	1.5培养基的制备
	1.6水样中优势菌株筛选
	1.7水样中优势菌降解能力比较
	1.8好氧降解菌的富集
	1.9高效降解菌的分离与纯化

	2.结果与分析
	2.1优势菌株的分离纯化及其降解能力研究
	2.2好氧降解菌的筛选分离
	2.3 W-2号菌株降解能力研究

	3.讨论

	第四章MC在湖泊底泥中的厌氧生物降解及厌氧降解菌的筛选分离和鉴定
	1.材料和方法
	1.1实验仪器
	1.2底泥的采集和处理
	1.3 MC的粗提与分析
	1.4底泥厌氧降解的生态模拟实验
	1.5湖泊底泥干重测定
	1.6模拟实验中降解液中初始TN、TP和COD的测定
	1.7底泥高效降解MC的厌氧降解混合菌群的分离
	1.8 MC厌氧降解菌的分离
	1.9 MC厌氧降解菌降解能力的分析
	1.10厌氧高效降解菌7-1菌株的鉴定

	2.结果与分析
	2.1底泥厌氧生物降解MC的生态模拟实验
	2.2底泥干重的测定
	2.3模拟实验中降解液中初始TN、TP测定
	2.4模拟实验中降解液中初始COD测定
	2.5底泥高效降解MC的厌氧降解混合菌群的分离
	2.6具有强降解能力的厌氧降解组D7号样单克隆分离
	2.7厌氧条件下D7-1和D7-2菌对MC降解能力的分析
	2.8 D7-1菌鉴定

	3.讨论

	参考文献
	在读期间已发表和待发表的论文
	致谢



