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FE3JR ;HPLC ST R R , 8 MK B e R, P 5 MR AT 1 gL BARES SRR, meyA-Cd JE [ AT DA FHuEE
HER RS PR BERE S o A= TR B SR AT ARG I 5 SRAE DK 3 /K VR B 2l = TR A SR V5 e , N 2SR BURR oy T it %o B e X AR A 7K
TR T 7 BRI B A M, B 1 S TR R B R AR E .
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FESES X172 XEFRERSB:A  XEHRS:1672-2043(2012)07-1404-08

Analysis of Microcystin —producing Cyanobacterial in Small Rural Surface Water Samples from Huizhou,
China

YUAN Zhi-yong'?, ZHU Hong-hui?, HUO Guang-hua", FENG Guang—da®, CHEN Yuan-liang’

(1.College of Biosciences and Engineering, Jiangxi Agricultural University, Nanchang 330045, China; 2.Guangdong Institute of Microbiology,
Guangdong Provincial Key Laboratory of Microbial Culture Collection and Application, Guangdong Open Laboratory of Applied Microbiology,
State Key Laboratory of Applied Microbiology( Ministry—Guangdong Province Jointly Breeding Base ),South China, Guangzhou 510070, China )
Abstract: Microcystins(MCs ) are potent hepatotoxins produced by microcystin—producing cyanobacteria and give a significant health hazard
to human and animals. MCs are normally produced by many, but not all strains of the cyanobacteria genera Planktothrix, Mcrocystis, Anabae—
na. To investigate the microcystin—producing cyanobacteria in rural surface water samples, different types of rural surface water were sampled
from Huizhou, including pool water, reservoir water and running water. Molecular techniques and HPLC were employed to detect the micro—
cystin—producing cyanobacteria and MCs. The results showed that meyA —Cd, the specific fragment coding for the microcystin synthetase
complex, was detected in 12 out of 27 samples. PCR-DGGE in combination with cloning and sequencing proved that the primary detection of
microcystin—producing cyanobacteria in the environmental sample using mcyA—Cd was of high specificity and accuracy. HPLC analysis indi—
cated that MC-RR or MC-LR was detected in 8 samples, and exceeded 1 pg+L™ in 5 samples out of them. These results suggest that mcyA—
Cd could be applied to the rapid and accurate detection of microcystin—producing cyanobacteria in environmental samples, and that the water
resources of the sampling sites had been contaminated by microcystin—producing cyanobacteria. Appropriate measures should be taken to
monitor the microcystin—producing cyanobacteria in the rural surface water in Huizhou, in order to avoid or reduce the potential hazards to
human.
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ARSI E TAR AR R H R , e K bR 5
ANBRAFEKFEHFEE, AR YA H 25 ™
AR SRR R BB R SRS E
PR EHEAIER , W & FE AR KR & B SR ik
RARTE A KA, KA B R S KA P
AR EREAL K BB R R, T H— SR s 47
AERKEFHERE, A4S K FIK KL SR E
KB . ERZHELFRD, RHUMBEESR
(MCs)E R H W, 3 BXF ARt K, e
R H 31D BIEERR . MR HEER .1
/™ 28,3S,8S,9S-3-F F-9-FH HFH-2,6,8- = H -
10-Z855-4,6- IR BR (Adda) 5 FIP ] AR R LR
A HF NS ERANEERE TR, U
HHERSAMEEA, HRE KT Z> 80 kAl
R RERE R R, DL LR R 3R R (MC-LR),
RR RIYFHEFHF R (MC-RR) 1 YR BIYFEHEFTR
(MC-YR )5 Ay o

MREBEF RN ARSI EFRR, S EBAT
., 1996 4F, 7E VG 5L & Az 1 BB 352 R /K B
FHRF R T 52 NIETHERFHE, K
R B AR AL 20 AN B e L 4 , 9% HL 2542
PHRAMAE K, 7RI R DA HROTE SME 1k
FKFRMBERTE RS ENZEHITE 1 pg-L7 U
T (BL MC-LR #151)9, Ft[E GB 3838—2002 {17k
B B ARME )R E Hb K H MC-LR & B0 %
FERITE 1 pg- L7 AR,

5T R IR 5ok B TR JE (Anabaena) R FETE
J& (Microcystis ) . F] [G V% 22 3 ( Planktothrix ) F1 B 3 J&
(Nostoc )X S5 J& H) R MRERHA 7™ MCs BIRE 17, Ri-
nata—Kanto ZF®%} 3¢ [E (1) Erie W H A FE B THIR
KB, HA 0.03%~4.7%1) B HEA 7 MCs 68
H1o BERFMER MCs TEREBUORTHERSH
mey ZEREE . mey H R E WA I 45 65 B MCs
R—BtR A, B meyA~] TR RA R, meyA-
Cd 2 mey B HBEH P MR R F £ A B
Hisbergues 5T IE S 2 5k 5 B[R PR 22 388 T B
J& E EBEE R IE B meyA-Cd BB, H 8
[FIARUR:

164 R ISR KR iR il R i R A R B R B
ROALBEEDRE, B4 REBHMBIRZE XG4
T R IR B KRR S RN, X R A5 b %
TR SN K UG 7= 5 R BT e A ST AR 2D . 4ERE
M DX AV BEARCR, K= R B R Gk . BEE 57

BV PR R R, AN/ A B B SRR
FE AR AR, 45 2 b /N R A R I R
TSR A KA, RHEESERA R, X
FREECANMEESERSEA BERNEE,
WF AR T RPAFA, STAFK T R
TSR BE g

AR SC LA R b X SR 58 AR X 2k A B AR
WFFEXT 4, 43 BISR B IE K KK KK L B Rk
FLZFPRRUKAE , WO A (HPLC) 5 R A HisE
J5 N 75 1 Ak B B s HL Wk (PCR —-DGGE ) B R J7 ¥ 4
gha, AR MRS F N2 TR 5 AR R H X
RUNER/NED K IR 7= 5 1 P15 YL R

1 #M#BEF*®

L1 HEmRE

JKFET 2011 48 3 HF0 5 AR EHEM 6 M HE,
3 X-1 1 X-2 XF 3 A1 5 A RE R FHE KR
TS (X HFS ). KEERAEIEAKIK KE
K HIEAK B RIK . KA E IR KR B RAER
8, BRAEECRER 3 IKEEIHIR G5 . KRS
JEFTF 4 C, 3 RYPHRIBOUKFE DNA, KB R A Hb
Wk 1 Fim.

TKAEREE STEA R FEATREALAN I, SR B0
JEIK 14 45 JIRIK 2 45, KHIK T A, KK 245, 7R
K 14, B3RK 1A, BN X FRFEN BN &Ik, e
SR BYMIEK YR B 23 T A5 SR Y . i
THERFFER B, LHE R PR ARENL
BB A . —Selh I ] IR TG Y RESE SR,
XL & PR IR A M YE , 280K 2 8H
s, YL S s PR S R A Y . IR N
b SEHEK 305 K BT , SR A M R H ok as |
K IHIR K BEUD A SCHATRE R EE I IEAL T8
FoKERDRE . BRI 7 KK 29 2-1.3-
1.11-1,2-2,11-2 5 />R 5 AR E A RFRAH
FRHbYE , Ry A RAK KR 6-1.7-1 IR
BRI ROL (B R T Z AT A B X IBUK I E
SRR, XWALKIEE R R T YRS, mAER
TRFAZKIR o K PEBS AN FRASGTE , S AN S b lk K o
16-2 S EHRIK, HKIE BN EEGTAL ) 55 —/NEL
IKEE, IKEEKGKA B4 A F R H AN R
Bt A R IR
1.2 FENF|/FRF

TProfessional PCR (Biometra ), CW20 7K /4%% (Pre—



1406 5 A BN XN BEUK IR T BT IR

201247 H

R1 RERSH

Table 1 The location of sampling sites

55 REES el
de4 RE

1-1 BB S YE K N 23.035937° E 114.282112°
2-1 FAE O BAAR K N 23.036456° E 114.281145°
3-1 BT E R R IK K N 23.020002° E 114.166506°
4-1 BT I BA S B A LA 5E K N 23.020014° E 114.166518°
5-1 BT I BA S A S E i S K N 23.019821° E 114.166538°
6-1 BRFNFEHK N 23.021198° E 114.164800°
7-1 BRFFH R H AKX N 23.021214° E 114.164839°
8-1 B RFAYESNEK N 23.019240° E 114.165377°
9-1 BrE-E VK K BTG K N 23.010373° E 114.174298°
10-1 BrEE VKK 35K N 23.010474° E 114.174262°
11-1 Fite-E AR KR PR FK N 23.010783° E 114.174292°
1-2 BRI YR N 23.088669° E 114.208410°
2-2 EERIEIRFIN K N 23.088621° E 114.211040°
3-2 EBEIEHAYE(2) N 23.089410° E 114.213696°
4-2 BRHNTK R D1 g K N 23.0785541° E 114.228886°
5-2 BRI K R i IE K (2) N 23.078880° E 114.229122°
6-2 SRR K B N 23.075905° E 114.230836°
7-2 SRR K (2) N 23. 077209° E 114.232271°
8-2 BRI L N 23.088134° E 114.205877°
9-2 RILK N 23.087735° E 114.177964°
10-2 =R EK N 23.064640° E 114.242732°
11-2 =HRKR R N 23.064640° E 114.242732°
12-2 =FFEK(2) N 23.062414° E 114.240389°
13-2 =R (3) N 23.063075° E 114.239397°
14-2 25 B E K N 23.060697° E 114.239452°
15-2 =FRHLEK (4) N 23.061145° E 114.239974°
16-2 AR B3Rk N 23.059479° E 114.238610°

ciTemp ), 15 3 ¥ 1% 55 0> HL (Thermo ) , Agilent 1260 =
OB 3512 (Agilent ) , ImageQuant 350 ¥E AL 15 &
4 (GE), 500 mg/6 mL Sep—pak C18 [EAHZEEUH:(Wa-
ters ) . EMAL(AUTO SCIENCE ),

SDS. CTAB., B X XA E LA Amersco 1=
i, DNA REH(JL 24 ), T4 8 .pCR2.1
&K Invitrogen 7=, P BEFE R inifE i MC-RR
(CeTOX Lab™) ,MC-LR(Enzo),SanPrep £, DNA f%
Bt iaon & (AT,
1.3 7k#E DNA BJ3RE

IKFERSESS , BN KAEE 600 mL, 8 000 r+min™
B30 5 min WCRREKIBURL I 40 B , B30 BT RV VR
i 0.22 wm FLARTERE . P15 MR BT 5 5 B0
WERIMPIVEIR S, FF/KH: DNA (942 EL, KFE
DNA fi CTAB " TR

1.4 HFEEFZE HPLC 47
1.4.1 WFE#EFHR HPLC SHrajAbBE

A IKAER 1.2 1,8 000 r-min™ B.0> 5 min £
FITORL 2% RN 40, B O 8 ) 38 43 31 A GF/C 3
BELFAEPEIEFN 0.45 wm FLAZ 2 BRETHEFR YR Bt % o B
U8 JEWER 7K 1 L i Sep—pak C18 [EAHZEHU/ME
MWEBRATEE. BFREEZINTILEA 10 mL
FA AT 10 mL 27K % C18 [ AH ZE B/ IV AT 1% 4L
TKFE R Z/ ME R E R HITE 5~8 mL-min™, &G/
/IEESY B 10 mL 10% . 20% %1 30% 1) B B R4 746 BE
Wk, 2 JFiE 25K, 10 min, ERR/MEP L ARIKS, B
fin 5 mL &4 0.1% =% LB (TFA) B ER L H BE R 1T
BRI, B E R ET . I 600 WL 70% R B ik 1
JE R, ARG 0.22 wm A HLAH I RE S BR R B0R 2%
JTo IR RI WA T-30 C, EF1F EHL#ST
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HPLC 537,

R T RS K AL B AR T R R R Y L
B, DAXZE AR AR KA | HoAth 25 A 2 3 BRUK A R Ak 2
HEATAL IR, SR 5 #EAT HPLC 347, [BICRe I E i b 3
1 pg- L7 F 5 pg- L7 B4, BI—/ N300 1 g
MC-RR 1 MC-LR A, 55— MEEE5 5000 5 pg
MC-RR F1 MC-LR FR%ES o
1.4.2 FEHEFHR HPLC S-HrillE

W 2ot bR AL IR AR E 4 BT HPLC 43
Mro WM ZAr eSS MC-RR A1 MC-LR 4 %I /i
100% R B AR L A 20 g - mL BORRIEIR IR - HPLC
SR ARAR  EIEREIREE 40 °C; W sh Ay FEES 0.05
mol - L™ B R — S F¥ Wk (pH 3.0) 3 /AT LK 60:40 J&
A VB 1 mL-min™'; ZEHMA] DGR A 238
nm; #EEER 10 pL,
15 FHHEREERERFER

DIREUY/KAE DNA AR, P igr-mfe st
Bt meyA-Cd, ¥ 34 BT 25 9153 7] meyA-Cd 1F(5'
—~AAAATTAAAAGCCGTATCAAA-3'") #i1 meyA —-Cdl
(5'~AAAAGTGTTTTATTAGCGGCTCAT-3" ), 25 uL,
Y38 K Z 20 B F ddH,0 20 pL, 10xbuffer 2.5 pL, 10
mmol +L™ dNTPs 0.5 pL,10 mmol L7 5| #7134 0.5
pL, EasyTaq DNA Polymerase 0.25 wL,#54t 1 pL, ¥~
1 2545 :94 °C 5 min;94 °C 40 5,52 °C 40 s,72 °C 30
s,35 MEF ;72 °C 5 min, § 17 UK E R 1%1931
REWEBERS A TR o
1.6 meyA-Cd B E% PCR-DGGE 4347

T #47 PCR-DGGE 4347, TERS|H) meyA-
Cd 1F B F 40 bp GC 3&F (5'-CGCCCGC CGCGC
CCCGCGCCCGGCCCGCCGCCCCCGCCCC -3" ) ) 4k
JE R L3k meyA-Cd Fr BEY 38 B 51 dE AT 34, 9
BERZA 50 WL KR 9 3871 Pl T8 Pt B g v,

7k (DGGE) 43#7. DGGE HLIKEE A 8% PN # BER& A
(100 mL 100%ZE #4550 & A 20 mL 40% 15 1 BE i 2
mL.50xTAE 2 mL, %8 H Btk 40 mL 1 42 g Jf
£ )o 40%N 1B T P B 5 R OB s BBt A 1Y)
HAE K 37.5:1, SOXTAE HJZH AL A 2 mol L Tris, 1
mol - L™ YK Z FEF 0.5 mol - L™ (Z &Y Z B8 —4H)
EDTA(pH 8.0) . DGGE HLUK 551K « B AR AR BE 20%
~40% ,F,JE 70 V, B33 100 mA , B3k BsH/E] 13 h, BTk
R Z G, WIHEBEEERTE S A GoldView YRZEK
et 1h, REHITHE, U1K E LK Quantity
One E& 3 b
1.7 meyA-Cd DGGE ¥ &5 5 B il e

DGGE Y] 457 F 50 pL JEEAZE K 4 CiR L
T, HHEH DNA SR FIRmK 35 DL VE AR
P48 meyA-Cd FBt. 25 wL ¥ A RAHH : ddH0
20 wL, 10xbuffer 2.5 wL, 10 mmol - L™ dNTPs 0.5 pL,
10 mmol L7 5|4 35 & 0.5 wL,EasyTaq DNA Poly-
merase 0.25 pL, AR 1 pL, ¥ #5544 :94 °C 5 min;
94 °C 40 5,52 °C 40 5,72 °C 30 5,35 MEH ;72 C 5
min, ¥ HEr=Y)FH SanPrep A=, DNA Jisg [EIe2hi Ak 11571
Bafifk, k)5 DNA BB T ra el .

4 S RN AR B 25 5, 7 NCBI H i 7551 L
Xt 4381 o M GenBank H 15 5 35 5 L 72l 5 355 B MK A9
meyA-Cd FrBtJ751, FIF MEGA 4 44X i L L 7Y
TEBEEARAY meyA-Cd J7 5 F1 40 BE BT A meyA-Cd
JFFIIMERFERKB W

2 HBREHM

2.1 FKBERFRERES TN

SE—HIKEE(3 A A ZHKAE(S A )meyA-Cd
Fr B SR B 1 FE 2 B, ATLLE
HOKAE 27 eI A 12 R R FE 300 bp ZH A E

M 11 21 31 41 531 61 7.1 81 61 10111 1 €K

B 1 FE—HekEE meyA-Cd FERISIE

Figure 1 Agarose gel electrophoresis of PCR- amplified mcyA-Cd fragments from the first batch water samples



1408 BB BN X /NER K IR =5 P TE PR

201247 H

M L7 22 32 43 53 60 1 82 97 W0 L2101 0B a0 G

2 ETHKEE meyA-Cd F EREEHIE
Figure 2 Agarose gel electrophoresis of PCR—amplified mcyA—Cd fragments from the second batch water samples

BEGANE S X 12 MKEEREEAEKEK. by
IKRAK, HAA 9 Atk Y% meyA-Cd F
Bt PCR BHEMZE R, 0T AT AT 12 KA
HAEE RN BB R, BT H#H—BIEE
300 bp v B2 A BT R0 F BEA meyA-Cd B, 341
#4777 PCR-DGGE 23 #7 , 3%t DGGE 2 #7 Fif5 2] i
F AT VIR SE R o
2.2 meyA-Cd K Bk DGGE 4y i R 5= [E Ml e

DGGE 2045 5 3 Fin , 78 12 Ak aE,
4-1,10-1,5-2.7-2.15-2 EVRER S £ 5, H
HRE A A A /D . RRNLE S 23T
Jie, ) —r B A2 R 1 4%, YIRS AT 7k
W7 ,NCBI Le X455 8 s 8 Bl BT A 25 ¥ 8
meyA-Cd 2K . DGGE EiEH)H quanity one B {4 3F
TR 17,458 12 1~KHER DGGE E 3R A0 Hr

4151101123250 11 D501 0160

B 3 7k# DGGE 447 Elith
Figure 3 DGGE patterns of mecyA—Cd fragments from the

water samples

55 (K 4), DGGE EIERIE 5347, 7T LA BN 7K
FEZ[E] meyA-Cd ZER A B AHIER /N A 4 FTEA
FH, ARSI 28% 2 &, MBS
60% I FE A 1-2.4-1.10-1.7-2.11-2.12-2.16-2
7 ANEES  FMETE 80% LA FI9A 16-2 Fil 11-2 T4~
FE o MIRZE ST A5 IR AT 0, 7R A i X3, meyA—Cd
A BRI A A B E—E S, T B axXFp
Z R KIBRINEE N

X meyA-Cd JFHIMERFELER(E 5), N &
GRBEW AT LR, 4RZEEHFIERS Micro-
cystis IE—Z , FIMETE 83% L |, T HA 3 N5k
5 Planktothrix BAE 1 M E, MR 93%LA |, X
3 ™5 Planktothrix 76 1 3 PRI FHIHIKR A
15-2 X —HE 5 o B IR AT AT, RAE K IR N meyA-Cd
EER B ZHEMIFAEE, B 15-2 FEMAP MR &

0.28 0.40 0.60 0.80 1.00

13-2
15-2
i
5-1
T
l 12-2
7-2
10-1
1-2

11-2

B 4 k% DGGE EERESHT
Figure 4 Cluster analysis of the DGGE profiles based on the

mcyA-Cd gene fragments of water samples
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5519
48 Micocystis cf.aeruginosa NIES-89(AJ51549.1)
31} Micocystis sp. GL260735(AJ515454.1)
261 Micocystis sp. TuM7C(AJ515458.1)
T} Micocystis sp. IZANCYA(AJ515456.1)
19
44 5
11
15
Micocystis sp. 205( AJ515453.1)
Micocystis cf. aeruginosa PCC7941(AJ515460.1)
12

| Nostoc sp.152(AJ515475.1)
96| Anabaena sp.90(AJ515461.1)
: 92! Anabaena cf. flos—aquae NIVA-CYA83(AJ515466.1)
- 9 Plankuothrix sp. NIVA-CYA34(AJ515474.1)
w“j Planktothrix sp. PCC7821(AJ515473.1)
931‘; 21
o=
80
22
i 18

i1

E 64
541 10

29117
113

83
148
52|

I

100

0.2

14417
61 Microcystis aeruginosa PCC7806(AM778952.1)

5 DGGE EYf & H F BN R G R TR
Figure 5 Neighbor—joining tree based on the meyA—Cd gene band
sequence obtained from DGGE gel bands

) meyA-Cd 2L I3k B Microcystis
2.3 KiFrhiYERSE HPLC 247

MPFERT R BRI R B/R ,MC-LR 1 pg-
L7 A5 wg L7 4 [ 2R 43 51k 93.9% Fl1 106.4% ,
MC-RR 1 pg-L™" F1 5 pg- L B 435K 89.5%
1 100.1%, FIRCERAURESTF . M HPLC 43#rgs R (=
2) AJHL27 AKEEHA 8 ASJKFEFE MC-LR 2 MC-
RR A b () H e Bsf () b Ay 1S W (ELA 5, DR BH X 8 4>
KRBT R, o 5 MR MCs & 2H
T 1 pg-L7 WRE R AR (6-2)K3] T 1 112.02
pg- L FEAT R BB B B R K 16-2 FE G, [FRE
I B iR 9 MC-RR YR JE K 0.78 ng-L7, 153

AEE R AT AR IR, SR K IR B 28

3 itig

TETEBEAI A MCs & B R, meyA BIFER M
Tt L-22 &M N o 5 4L, 30K LG ) L-28
FRZ MK I G L MCs 254 H A FFIR s iR —N-H &
JRENERR , X4 meyA FE R SR B T4 B MCs,
AT ReBE A AlHh X 43 K B BB P MCs BB AT
Pk, Hisbergues %R 4E meyA 35111514, P g H
K%y 300 bp K/NEY meyA-Cd Fr B, AT BriEHA
M, Hisbergues S5 B850 F1 5k B BT [CT7 £ B8 I
e B A IR BB AR R HEAT meyA-Cd FrBefY
Vg, SREIIA N EERIYIEEEE] mcyA-Cd
F B A= E R TCIER R . AR SCHIA meyA-Cd
A B S5 Yy, B S PR Y P R T R T
ARG, FARE AT ZE 300 bp ZE A 7 BRI B —4%
WiES

ARSI AR O PR IR AR L, BT DA A Ay
DNA SeJFE R E 24 , BiSR Hisbergues ZFF meyA-Cd
TR 5 | YRR RUX 4 A 57 7 B IR B R,
B2 S i R B 2R A PR L BT, B R REAS BIAE R R
/NEE meyA-Cd Jr Bt R T #E— P IIEEX 5 %)
IRIRAE S A TR IN A A 350, FRATTXN PREEAE S 15 2]
) 300 bp K/ R Be#k 4T DGGE 434 Fl v B I 1 o
DGGE 7] LK B K/ R T g HE S A e 22 5 10
FE PR 350 X 3 TR , 31X AT LAGRUE A 00 15 A i R
B Tog 25 R I 4 R BN, B
A7 e Bt B R SR US S KA = MR R
SRR BB R, BATHT T BENF, 52
R - W LAAS BB R A A R HES U5 8., Bir LA
SEREAYIRST . FEREWTFRERBRTA B
K meyA-Cd =R B, U8 meyA-Cd B8 A FAa0
ISR B [RVRE LA 5 s A e e o R mey A—Cd
IS T B R I R T A, B FERT A A
YR ER VAR B S A

HIIXF H meyA-Cd i Bek il i 45 5 Fn HPLC 43

R 2 KEMEESRE HPLC SHE R (ng L)
Table 2 Concentrations of MC-LR and MC-RR in water samples(pug-L™)

TKAE 1-2 2-2 4-2 5-2 6-2 72 12-2 16-2
MC-LR UuD Uub UD UuD UuDb 0.41+0.11 UuD UD
MC-RR 2.97+0.32 0.47+0.13 8.75+0.41 18.38+0.66 1112.02+£5.2 uD 1.2+0.17 0.78+0.11

7 UD IR R %A ST
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% 3 meyA-Cd NMT S B35 HPLC SHT &R A b
Table 3 Comparison of the results from mcyA—Cd & NMT detection and HPLC
TR 4-1 5-1 10-1 1-2 2-2 3-2 5-2 6-2 7-2 11-2 12-2 13-2 15-2 16-2

MCs - - - + + - + + + - + - - +

meyA-Cd + + + + - + + - + + + + + +

T+ FORRE A Y s - FR R IR A 5 R AR TR T AR

WrasH(F£3), KM 4-1.5-1.10-1.3-2.11-2,13-2,
15-2 7 DE 5 meyA-Cd A 7w B, {HRA TR
BEFREMC) R, mREENTERIAME
mey FEFAG 3, H I ABREE BREIEE R X H
BERE ST BB R0, B A . meyA-Cd
B R EBIERARE B A - R IE T, AR A I 3]
meyA-Cd FBEMi It MCs ¥ H ] B85 HA & AR 55 A
EAX, MAMBESERE TRERE™Y, — M h
R AR R, WA SR B ET, R
A YU REFET- 247 2 J5 A RS o TEAF IR B AR A
B FRTE P SARYE RO , oy 3 3904 P 34 e
7K, ASHIF ST B R B B ALK AR A B[R] 435310 R 3 A A S
A TEX BT EIB P, BN F RISk I8, HiRE
BRAE A RRFRE T, R R RS
KWEMRD, XFEFEA]BEFBHESBAME] meyA-Cd
FrBJC MCs A6 o

XoF b (4 45 SR R B SR 2-2 BE SRR 62 BER A
MCs ¥ AT TG meyA-Cd A B, 2-2 #Ef Rk FHK 7
IR I B SRR 3, PR AT A RS
Bred, R A BB MR EE /3 A E] T 8.63 mg- L7
0.997 mg- L™, J& T & BEFRAKE . KHA ik H
KR, NP SRR A BR ,2-2 #£ 5 NP SRk
= BOK AT BB SR Bl K A8 e . MCs kit
FBE, URBBHK—ERR,.2-2 FRPEmFE
R AR MCs, 3X 352 PR FE FEK U A MCs
BlR.6-2 FEf oA 5 ARFTREUKKZEK,5 ARG
b KRB, K ETIE . 6-2 RAE S K ETEE
B T —/NMEBUK, HEadEE R EBER,
PUHR T EE R e il 42, 4 K 2 BORE R RETC 4k
7, IR E] meyA-Cd FrEBE, it HPLC 2047,
6-2 B H MC-RR BMREFE S 1112.02 pg-L?, BA
TR TR AE— 2 AR RN , 1E 2 G =22 15 A ViR
WREONFER, RS TR 4%, HPLC 287
32 HoAhZ B A (4 7T RE PR, A I S A S5 R R
Ik MC-RR B2 B #ij ¥ oI B ik DL EHE
TIEA L SRR THE— 5 5T

16-2 £ 5 o A R AT B koK, fExt HakfT
ket , &I A FEEHRE] meyA-Cd Fl MC-RR,
X X b JE R AT RS, B SRk KI5 R 2 b
TLAb—IK 2 , K BE P 7K 82— 8 HI 7K AL PR 5 A5 Ab B S
BHEBEAN RS, M R MCs KEHEER,
YIER A AR 22 B, H 75 1 B kL
B/MBARMEE S Y P (b ik e e Bk BLA 16—
2 BE P E I R meyA-Cd A1 MC-RR, A 2 AE
FAKIRBK B g =B i B Ts G, HoK A H% 2 Xot
JK PR TR MCs 2RI S 2.

MC-LR .MC-RR.MC-YR ¥ Hii 5% F & hH
JLH 3 Ff MCs o ASCH 9 HPLC 43 A5 5 Bk 9
MCs & 7-2 ¥k MC-LR b, HAt 4944 % MC-RR,
MC-RR #J3EH MC-LR f41 , {H2 Gupta S8 g/
FREAZ5 5L & B MC-RR 1348 HA 385 B 8 /4 I
B B L BARKEER H ) MCs ZHCHEHERS/MY
MC-RR, {H 23RN 15 | #E 2 b JE R 56 3, I Rt
=B A 1k

4 Bt

i PR SRR A B Bt meyA—Cd X BREAE
R R T R B B R AR R, R EL
BRAE L R S BT IS5 2R meyA-Cd Fr Bt
1 PCR-DGGE FIRE TR, P HlBERE N
BA— B 15-2 Rk AP HAtRE 5 S meyA-Cd R Bty
SkH Mcrocystis .

HPLC 3#r85 R B, ER7KIERE &8 MCs {5
e, HPaiEERRAKHKMBRK, KHE
MCs 28R 3255 MC-RR, ZtE B R H MC-LR R,
B2 i T HAR A B IR , B DTS5 R X
ERRHEHATIA B
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