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A novel assay for rapid detection of microcystin mcyG gene: loop-mediated

isothermal amplification
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Key Laboratory of Applied Marine Biotechnology, Ningbo University, Ningbo 315211, China

Abstract: Microcystin-producing cyanobacteria blooms, as well as their increasing global occurrence, are of worldwide
concern because they have been implicated in the death of animals and humans. Currently, many techniques are used to
evaluate whether toxins are present in water samples, including high-performance liquid chromatography ( HPLC) , mouse
bioassays, protein phosphatase inhibition assays ( PPIA ), enzyme linked immunosorbent assay ( ELISA), and mass
spectrometry. While some of these techniques are quite sensitive, they are of use only once the toxin is present in the water
source. However, microcystins remain within cyanobacterial cells until being released in high concentrations during cell
lysis. Hence, identifying potential microcystin-producing strains in the environment prior to the release of toxins into the
water body is more useful than detection of toxins. Many microcystin-producing strains cannot be differentiated from non-
toxic strains by traditional microscopy or with ribosomal gene sequences. Synthetase genes (mcy) are responsible for the
biosynthesis of microcystin and are only present in the genome of toxic strains. Polymerase chain reaction (PCR) assays
based on mcy gene sequences have been reported. Though these assays for rapid, sensitive, and specific detection appear to
be promising, PCR applied as a rapid diagnostic test in the field has been seriously constrained owing to the complexity of

the amplification conditions and the need for specialized high-cost instruments. Recently, loop-mediated isothermal
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amplification (LAMP) , a new technology for amplifying DNA, has been developed. Unlike PCR, which requires special
instruments to control reaction temperature, LAMP requires only a temperature-controlled water bath. In this manuscript, we
designed a set of LAMP primers to target the sequence of the mcyG gene, which is responsible for the first step in the
biosynthesis of Adda (3-amino- 9-methoxy-2, 6, 8-trim ethyl- 10-phenyldeca- 4, 6-dienoic acid), an important part of
microcystin. The conditions of amplification were optimized to implement the sensitivity and specificity experiments. We
found that 61 °C for 40 min was the most suitable reaction condition. We then selected thirteen cyanobacterial strains,
including Microcystis, Aphanizomenon, Chroococcus, Nostoc, Oscillatoria, and Anabaena, to determine the specificity and
sensitivity of the primers in the LAMP reactions. The results of amplification were positive with ten microcystin-producing
strains and negative with three non-toxic strains, which demonstrated that the primers had suitable levels of specificity. The
sensitivity of LAMP, with a detection limit of 24 cfu/ml, was 1000-fold higher than that of PCR. For verifying the
application of this LAMP assay in the aquatic ecosystem, seven environmental samples from ponds and lakes in Ningbo and
one from Tai Lake were analyzed using both the LAMP assay targeting the meyG gene and a PCR assay. The LAMP assay
detected amplification in two water samples that the PCR assay did not detect, demonstrating that the LAMP assay is more
effective and more suitable for field testing. The LAMP method is fast, simple, and low in cost making it advantageous for
the detection of potential toxic cyanobacterial blooms. By employing the LAMP assay, workers at the Environmental
Monitoring Station will be able to detect toxic cyanobacterial cells at low levels, before they reach an unsafe concentration.
This will allow the workers, through routine monitoring of potential toxin status in the freshwater, to have enough time to

implement a series of control strategies for avoiding human exposure to cyanobacterial hepatotoxins at dangerous levels.

Key Words; microcystin; loop-mediated isothermal amplification method ; rapid detection

R AR RO NS R ) B ZOK PR R 2R HON ™ F 5 e PRI A o S0, EL Rt ok 1y 1 7
RUHEAEY IR SR R m i AR 1 L ROK IR SR AR R AR IS 5 R T i
SR HE R R R X — R A RS LI &Y, T OB R (Microcystis) | 11 3 &
(Anabaena) 7&EKEE ( Nostoc ) FIFAT G 1F 22 %5 J& ( Planktothrix) ORI 7 Y O NS F L7 L g A E 5 2N
T fih ol e R RE IS R KRR S AR R E 3t BT W 18 8 SR, RO & S BURF D e 1 B 2= 4L
T2, BRI RIS AR MR R % A AR AR G 1996 4R RATELPE I 3 & > 50 AFET
WRER MR EST R D RS T MEEREFERNEE

Dol T AN 5 vk 23 i LR D A ) A 5 L 0 ol T R BT A IR R Sk Ak
43Mrik® ELISA ( Enzyme linked immunosorbent assay) " % PPIA ( Protein phosphatase inhibition assay)'™® J7%5
IXBET YRR 5 A I PR ) K ARMER 208 T T AR 2 AR MR AR 1T TR, 3 2607 vk BB AG I 7K
PRrp A R —E TR R M R R, TOIE X e B R P R AT BUA] B SO e R R AR 5 L
DRI A B0, AT LA Ao X K R A A A BT 2R I TR HEA T AGHIN , [R] 42 b A A e 75 A7 AE B
PHRER . BER B RPN A S5 SRR TR MR R e e 7 2K 097 R BT — 5 B AT TE , BERE e e R A 4G
DA 5 A ST RS 81 SR BRI, DT R R i o 0 /K AR P Rl sl e 2 R O TR B 0 TR) I 3 222 38 i () PCR
PORXS (e B 75 R AT PEEZ WA, (EL il T PCR RS B [ A7 OB, A0 As B T AR g A 0 14
IR A L BB B AR R 3 2, RORBR M 1 HAE S i 2 22 WAl (JE R PO B2 Wk il ) o (1 107
Mo P, 38 UG 2 —Rh P | i | S0 R BT AR Tk

B DNA A SE IR 1S (LAMP) )53, S5eWl 1 Notomi 5 A TBET 5 R FH 998 R A o g Gl %
JrikE L T XL N Y 6 A XBRIMT T 4 RS 19, AU EA B B PR Bst DNA SRS W8, 718 il 4%
PF T (60—65 °C) R (0.5—1 h) §3 AR DNA %77 15 A0 T 2 fag B0 K 4 sl 8 i et 1] Ak G s i et
R A 1 R - R IR BETTOIE PT LA 3d ik PR IR B I A B 3R b LG8 45 21 T EL7E RS
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SRR INE 4546 Ar DRI SESE 200 T PCR BoR, BT, B NS AL SCRRIGE T AR
(FUREHR 22 K0 L o S ol A RN 75, A ol 9 2 3 R RGN 7 Tk ) B2 FH 3 A e ]

ABIFFE LATHCRE 3 B 2R A U Hh OCHERE R mey G O B, BeI iR 17 1 BT LAMP #3519 519, 1 ks
IS B R R LAMP ARG 73k | R B X LAMP AR 5 PCR £ AR 7E A hLEFE 2 3L K BRI & 51 1
R AL AR e S R S5 T M T PR, BRI T 05 T AR I B E A o A T AT PR AT R

1 HH5F®

L1 TERRFIRE b

A 3 A ) SOk R T IR K H UL v K A Y €0 BR B ( Chroococeus ) S ER B ( Nostoe ) I 1 &
(Anabaena) R 223 )& (Aphanizomenon ) JHEHE R ( Microcystis ) fR R BEFN 13 #k, Horh A 3¢5 10 £k, T#E 3 2
PR, ANEIE P BEBE 1 BR (3R 1), X0 B i R B B RS SR M) DR 51 23 TR K B 2 (FACHB Collection) o H
W Microcystis wesenbergii 908 ( JLFEWE) Microcystis aeruginosa 925(H 2 ) TN FHBY B HE AR X401k
S H R S i i

WERISR ] BG1 WA 3R 535 3RIRE 25 °C LIS 18—27 pmol m ™2 s™'  JEREIEFR K L:D =
12 h:12 h, BERFRMR 1—2 K, e IR
1.2 (BRI 2] DNA I

SCR AR R LA TR AR B BE D 2 DNA &GRS AT RE 5 9 DNA 42 DNA KE 6L 22 1% BRI
R J5 -20 C AR H

HARKHE SREE 1 L HAAKHESEH] 500 H RSNt I8, DB 22 0.45 pum U8R IS | W A2 08 R
ALK PRI WO T 1.5 mL EP 45, 12000 r/min £5.0> 2 min, 3 _E3E, LA 40 wL M4l K 27 RS,
=70 “CARAF 3 min 57 40 CAREF 1 min, SAZTRRE 3 U, BOHCETE 2 19%BEAGIN G -20 CARAF#

R 1 KRR FAREFZFRI LAMP ( Loop-mediated isothermal amplification ) # il 25 5

Table 1 Cyanobacterial strains used in this study and LAMP ( Loop-mediated isothermal amplification) assay specificity of mcyG

WIm BERH MEHTR Tl A Z AL LAMP K45
Genus Strains Microcystin Detection of mcyG gene by LAMP
3R % )& Chroococcus Chroococcus sp. FACHB-193 + +
ZEREEJE Nostoc Nostoc sp FACHB-596 + +
W 223 % Aphanizomenon Aphanizomenon flos-aquae FACHB-1039 + +
T Microcystis Microcystis aeruginosa FACHB- 905 + +
Microcystis aeruginosa FACHB- 924 + +
Microcystis aeruginosa FACHB-925 + +
Microcystis sp.7806 FACHB-915 + +
Microcystis aeruginosa FACHB-942 + +
Microcystis wesenbergii FACHB-929 + +
Microcystis viridis 979 + +
Microcystis-flos-aquae 1028 +/= -

Microcystis wesenbergii 908 - -
11 [l 3 J& Anabaena Anabaena f los-aquae FACHB 245 - -
+/ - FORBE MR ER R, +/ R RO ETE R meyG HEN

L3 5lYiTS &

HRHE GeneBank HRAE 7 28 A R P N 0 BT U 6 2 3K LE WG A R I AL Y. Adda (3-amino- 9-
methoxy- 2, 6, 8-trim ethyl- 10-phenyldeca- 4, 6-dienoic acid ) [ meyG F& K ) & H1 ¥ 5] ( AF183408 .
CAIM01000217 [AY212249 ) , FIH] ClustalW FEXFEPF T HRILARSF DX, I-42 30 40 SAR LY 38 HEAR 51 P it i
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W, BEXS meyG ZERAYRAF IR0 51 ) (MCYG-F3 \MCYG-B3) \ W 5| %) (MCYG-FIP \MCYG-BIP) 3754
(MCYG-LF MCYG-LB) —# 3t 6 Z30/r IR AT HIFE 75190 (3R 2) o SI7ELR ST XL AR 0
ULE 1, G IR A W EOR AT PR A F

%z 2 LAMP (Loop-mediated isothermal amplification) 7754 M ERBZTEZME M FTI

Table 2 Primers for LAMP ( Loop-mediated isothermal amplification ) amplification of Microcystins

519 eIl R (BEHEED) JP5I(5'-3")
Primer Type Length(bp) Sequence(5'-3")
MCYG-F3 Forward-outer primer 18-mer CTGAAACTTGCTCGCCAG
MCYG-B3 Backward-outer primer 25-mer CTATCGTATTTTTAGGAATTATGGC
MCYG-FIP Forward-inner primer 47-mer GGTCTCCTAACTTTGCATTTTCCTT
(Flc +TTTIT +F2) TTTT GAGGAGAGGTTATAAGAGACGT
MCYG-BIP Backward-inner primer 46-mer GCTTACTTGATGCTTTTGAATGAGT
(Blc +TTTIT +B2) TTTT AAATTCATGTTCCCATGGAAT
MCYG-LF Loop-forward primer 21-mer AACAGGCCGAAGAACTTAAGC
MCYG-LB Loop-backward primer 20-mer TAACCATTGCAGAGGTTGGC
1.4 WFEEFEEINE meyG 19 PCR Kl MCYG-F3
, N . ATAGGCGAATCGTTTTTACTGAAACTTGCTCGCCAGLAT
PA1.3 it i 3R SRR 3 51 ey b 51 W) MCYG-FIP
. e TCACTAAAAATTTCATTIGAGGAGAGGTTATAAGAGACGT |
MCYG-F3 MCYG-B3 £} PCR 5| 4%t 5 % 55 H DNA MCYG-LF
o s ATTAATTAAGGAAAATG |
PEATY IS, SN 45 2 o 44 % - 10 wmol/L MCYG-F3 MCYG-FIB MCYG-BIP
[CAAAGTTAGGAGACCAAGAAATGCTTACTTGATGCTTTT |
F110 wmol/L MCYG-B3 £ 1 plL,2.5 mmol/L dNTPs 2 MCYG-LB
, [GAATGAGTITGTAACCATTGCAGAGGTTGGCETAGGACT
rL,5 U/pL Ex Taq (TaKaRa) 0.125 plL, 10xbuffer MCYG-BIP
" e L sy e y ARTTCCATGGGAACATGAATTTIGATCACAAGCCAAATCT
2.5 uL, iR 2 wL, WK ER 2 25 pL KR, k) MCYG-B3
. ACCGCCATAATTCCTAAAAATACGATAGCTCCTACATGA
ff) PCR SR %A TAEHE 94 C 5 min;94 °C 45 5,50 C
45 5,72 °C 45 5,35 PMEFR;72 C LM 10 min, §7 3G Bl1 6 %597 meyG BERRFXEHEMNALE

Fig.1 Nucleotide sequences of targets for primers in the LAMP

PR 1 2.09% H S N EEE I F DR AGH T 2%
1.5 R RN moG WA N FHEED
(LAMP ) #;:71]

LA Microcystis wesenbergii 908 Microcystis aeruginosa 925 FIFER 2] DNA VE MHMGHATH 48 &4 L, A
ISP IR LAMP 2 DNA SR &5 9O YRS s 4 R I A H A SR 2 bR St s R 45 470 44
WA . 519 FIP F1 BIP 4% 1.6 wmol/L, b5 %) F3 Fl B3 4% 0.2 wmol/L, 5% LF 1 LB 4% 0.8 wmol/L,
dNTPs 1.4 mmol/L, &% 0.8 mol/L, Tris-HC] (pH {& 8.8) 20 mmol/L KCI 10 mmol/L, (NH,),SO, 10 mmol/
L, MgSO, 8 mmol/L, Tween20 0.1% ,Bst DNA 5K B 8 U, DNA Bt 2 wL S5 84 R 1 pL, WEKER R
25 Lo BIPEXT RSN DNA B, SN AT 61 C IR AT 40 min J5 80 °CK{ 10 min, i3 SN ) s
BUER R WO AR AL DL KR SR 3.0% BrNEWHEEIE F vk HEA T4 B 45 SRAG I
1.6 LAMP 5 PCR (¢S PERIE

HEHL Chroococcus sp. FACHB-193  Nostoc sp. FACHB-596 . Aphanizomenon flos-aquae FACHB-1039 Microcystis

( Loop-mediated isothermal amplification ) assay on mcyG gene

aeruginosa 905 Microcystis aeruginosa 924  Microcystis aeruginosa 925  Microcystis sp.7806 FACHB-915 | Microcystis
aeruginosa FACHB-942 | Microcystis wesenbergit FACHB-929 | Microcystis wviridis 979 . Microcystis flos-aquae 1028 |
Microcystis wesenbergii 908 Anabaena f los-aquae FACHB 245 I 13 #£% ULk i FH T LAMP Hl PCR i4 PR
WEAE . DNA REUE L 1.2, 300 FAFRY HEOR S PCR LR R R AAAEIL 1.5 A1 1.4,
1.7 LAMP-AGE 5 PCR-AGE B9 R 8 551F

I Microcystis aeruginosa 925 ¥:[KZH DNA JEUAREAR (2.4x10°cfu/mL) , UL 10 F586 BERR BE | e IS T
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VBB FH T LS g sy A AR IS HOR T PCR U RS 22 5
1.8 HEEER LAMP Kl Jy ik i 55 A1 o

A3 PSR AR T TT AR T 00 HIST R W0 D0 B L P A = 0t K 2 el (1 98 A2 I A Al /NI | 2 i it
T BRI S LI R 8 AN IRl M I KRR (3 3) 4% 1.2 J7 k42 B DNA Tk )5 1) PCR Fi
LAMP J5 3540
1.9 g aitE

e f R A X T R

M =KxN/1000 (1)

M R R R (pe/L) N A PALARFRN B B (cfu/mL) , K R B0 8 40 B = ol e e 2
R (pg) .

*3 EFSMER GPS S XiE
Table 3 GPS (Global Positioning System) of field samples

KRR {3 Location JKRE {3 Location
Water samples b4 North Latitude %24 East Latitude Water samples b4 North Latitude % East Latitude
BN 29°54'19.06" 121°38'5.76" H it 29°53'48.84" 121°33'38.72"
MAZEBE I 29°54'30.32" 121°37'53.28" A 29°52'7.92" 121°32'19.67"
Tz 2Bt I 29°54'30.59" 121°37'50.02" P LK 2R 29°56'27.84" 121°3'48.68"
A 29°54'42.86" 121°37'57.62" PN 31°17'20.99" 120°12'9.55"

2 Z#R

2.1 WA SRR B EARY 5 SRS

BEFE 61,63 .65 °C 3 AAS[RAY SN IR BE DA T IR A AR TR H AR Y1 100 min, SV HE(T 30 min Ji5 FEFE
10 min PEATSEAF AR fRIC 3%, 45 R 4, OV AT 40 min BV 2 52 07 8 A 23 €0, 720 Ak 30 06 = ) A G, 7
[FIRER SOVAR R T ,63 CHE N 40 min J5FFIA H BLAERE A 3SR 65 °C I 50 min Ji5 H1 BRAE BH P B0
5,61 CHE NV INGE IE 8, WA SO0 B ] A SE AR 3 BN R 4 BB 4500 T 2 it AR RR S e 3, Uk
RSS2 7 IS ) e R X 3 58 SR A S, TRt | e 6 4% 61 °C (40 min 1E- N5 4E LAMP 338 (R e R v 46 47F .

F4 3INFRREEETHSERREER

Talbe 4 Real-time color change under three different amplification temperature

2 (8] / min S ik °C meyG FEH meyG gene

Amplification time Amplification temperature Microcystis aeruginosa 925 Microcystis wesenbergii 908 NC
61 - - -

30 63 - - -

65 - - -

61 + - -

40 63 + + -

65 + - -

61 + - -

50 63 + + -

65 + - +

61 + - -

60 63 + + -

65 + - +

61 + - -

http ; //www.ecologica.cn
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JZ 7 6/ min J R /C meyG P meyG gene

Amplification time Amplification temperature Microcystis aeruginosa 925 Microcystis wesenbergii 908 NG
70 63 + + -

65 + - +

80 61 + - -

63 + + _

65 + - +

61 + - -

90 63 + + -

65 + - +

61 + - +

100 63 + + -

65 + - +

+: ARG R LAMP 3P R0 <=7 RRFE @RI R ZE LAMP 97385 “NC”  BIPERS I

2.2 LAMP 4 PCR W4F RIS E

PASCHYEENT ) LAMP 5 PCR #7877 %) 13 Rk
e DL B AT AN, A5 OR LA 1 MIE 2, LAMP 9
S8 7y e e R A AL A BT (8] 2a) AR B
TR P UK A W s (T 2b), 10 BRI BE BERE R
Chroococcus sp. FACHB- 193 | Nostoc sp. FACHB- 596 |
Aphanizomenon  flos-aquae  FACHB- 1039, Microcystis
aeruginosa 905 | Microcystis aeruginosa 924 Microcystis
sp. 7806 FACHB- 915,
Microcystis aeruginosa FACHB-942 Microcystis wesenbergit
FACHB-929 Microcystis viridis 979 YR BHPE RN, 2 BRAS
PR RE TS R A Microcystis wesenbergii 908 . Anabaena f
los-aquae FACHB 245 ¥ 5 Bl ¥, 7™ # A # & 1)
Microcystis-flos-aquae 1028" "t Ry BAM: | JC B 7K 1 4 B
PEXIRAL Y 1, F5 P R AF, 1 PCR 974445 2R R
(K 2¢), Chroococcus sp. FACHB-193. Microcystis
wesenbergii FACHB-929 ¥~ 1 % & N 5, Nostoc sp
FACHB-596 . Aphanizomenon flos-aquae FACHB-1039 |
Microcystis wesenbergii 908 . Anabaena f los-aquae FACHB
245 MBARRF FAEY I I G , IXSER WIS TR s T
FIEH meyG ARG, LAMP 354 LT PCR J5 ik BATH
GRS, B A R AL LAMP 97345 2R 1
MLATHE
2.3 LAMP-AGE 5 PCR-AGE ity R U 5 1E

aeruginosa 925, Microcystis

El2 LAMP 5 PCR 45 RIERIFER
Fig.2 The specificity of microcystin gene shown in LAMP(a.b)

and PCR(c¢) methods by using mcyG gene as the target sequence
a.b.c AR meyG I ) LAMP o] #4k 45 S K] LAMP H1 3k & |
PCR( Polymerase Chain Reaction) Hiik [&l; 1-15: Chroococcus sp..
FACHB-193, Nostoc sp FACHB-596, Aphanizomenon flos-aquae
FACHB-1039, Microcystis aeruginosa 905, Microcystis aeruginosa 924,
Microcystis — aeruginosa 925, Microcystis  sp. 7806 FACHB-915,
Microcystis aeruginosa FACHB- 942, Microcystis wesenbergii FACHB-
929, Microcystis viridis 979, Microcystis-flos-aquae 1028, Microcystis
wesenbergii 908 , Anabaena f los-aquae FACHB 245 1E A W A5 A
16 ZE K BRI XT 1 M. DM1000 DNA Marker

Xt Microcystis aeruginosa 925 FEHZH DNA (2.4x10° cfu/mL) FE4T 10 F586 B # B S5 45 AR B T LAMP Al
PCR 448 () R A EAGI , 25 R0 . meyG KK (& 3a F1 b) LAMP-AGE A8 0 () Fe AR AR M e B 0 24 ofu/mL, 1
AHI ) PCR-AGE 460 14 5 (A A e FEE 4 2.4% 10 cfu/mL( &l 3¢) ,LAMP .8 #L PCR 773 R 45 1000 1%,
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&t
s

3110 2 SO Eire 35 %

2.4 LAMP 5 PCR Jyikge B4 0 HL g

XF 8 Aok AR M i A AR KA T R T e 7 R
I meyG 43 E4T LAMP (8] 4a) FI1 PCR( & 4b) K]
SR MR8 1 BEAME b b, SR I L K Y KRR
LAMP 5 PCR i ¥4 5 BHAE SO, KK 3 ST b
JEKEE LAMP Y552 BH4: SO0 1 PCR S B RN, Hidr 5
53 HEF IR St A I 5 10k 389 B B B R, %% 8 S 2 B
X T e B 2L D ARSI, A FAE G2 PCR J7ik,
LAMP EAT S5 19 R A . [, ol 1505 B 4 = i s
{175 LAMP 455 B0 T 005 o] 55 21 0 Bk

3 it

MR M2 i Adda, D-Glu, Mdha, D-Ala,
L-X, D-MeAsp, 1-Z, 7 Fh & ZERRIE WM H KL & 9,
Sivonen, K F1 Botes, D.5E AMFFERHH , X 0 A1 89 UL
TR R A e R R A5 M h A B3 R
& Adda EIEBRARIET . Adda A8 R P A — 4
JEH meyG FE A B NRPS/PKS ( Nonribosomal peptide-
synthetase/Polyketide synthases) 2% ili 71 57, H 4% 5 W
R R PR Ak 45 44 38 ( Adenylation domains ) 7E Adda & 3 LAMP-AGE 5 PCR-AGE %l Microcystis aeruginosa 925
SR M P MR I R 1 A o) T it e ey WRBUERR
SRk R LTI T ) AR PO 2 £ Ei(,;s m;It‘ll::dssensitivity of microcystin gene shown in LAMP and
5 DLALAR meyA .meyB .meyD SRR meyG ™ R e 309 LAMP KB STHULE b 8590 meyG 3£ 9
R IEPE T meyG FEH H ) Adenylation domains [XIHAE ~ LAMP il PCR Kl 5 R AL ik 8] 3 1—5 . UG LR 2.4x10° cfu/ml
WS T M LR, BT st Rk [ Microcystis aeruginosa 925 3E[H2H DNA 43I#i % 10°, 10", 102,
ey G A — A ST 1 R S 2 3 DR A A ;(;\jj,\l;“fkfjlim%’rﬁ. 6 : Z& 1R 7K A AR AR B PR X B s M DM1000
R4f

ARFFEEN XS meyG H 5 ST U] Adda MBS ) BT 9 AL 2548358 ( Adenylation domain) WIHA M T 1 &
T LAMP 938505 14, 9T 4 LAMP " 20060 1004, TECRERT B, X5 LAMP RS8R PCR J7 ik
FERR SR R BUE A AT T He g, S04 R BR HIXTE 41 PCR K, LAMP $ AR 76 18 i 4 (61
°C) FRIVAT & AR B, HUSNE B ), i AES B 4 3 Y bt i 76 SO 4 40 min J BIVAT 38 28 PR AR O 25 23 €25 £k
AT HI TR A5 A A LAMP 4738 0 PRRR 73 A4 S LU R B, LAMP 5 36X 13 bR AR KA B DL s b 2 1)
Ko 45 R 5 SCik B R RO 45 SR — 20 MIESE R PCR AN 45 SR04 304 ik R RO AN i AR =
PEY IS X R ARG P T /9 LAMP 572 B AL 48 PCR B 3 5 vk

LA Microcystis aeruginosa 925 VERNWFFEXT 22 LB T LAMP A1 PCR 5 v ZE 4 I 4ol 2 i = 25 3 X meyG )
RYEE, 458 KB E T LAMP SRR A 24 cfu/mL, 1] PCR 7 i: 04 2.4x10* cfu/mL, LAMP 434 2 fi{
FEHAES: PCR P 7325 1 3 YL, Chen 251 ABFSE B IX Microcystis aeruginosa 925 1 B/ T4 240 Jfd
PR R R E N 1.37x107 g, H AT # 5 R ELISA &7 &5 LC-MS SERGIN 5 s i 58 PEAS H BR—
T£ 0.05 ppb LA E1220 Kt W LA Microcystis aeruginosa 925 VE A INRT 42 ARG SCr AR (1) AT HEE H
TEHADIRZS T ELISA 85 LC-MS 777k v (8 S (R 4H NI B IV 0 365 efu/mL, T SEBRAGHIN | by 1225 R 2 45 A
ISR R 52, S B JIr 5 1) 40 v J B 08 K F 365 cfu/mL, PRI, AT ELISA 8% LC-MS J5i%, LAMP J5
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R BAT R R REUE (R 5) . 750, hE S5
A BURIE 08 A3 TR K AR TR E TR K i B R
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