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S4 MM Microcystis 4&E 2|8t PCR primer2| H7}
Ol8Z - BES - REON - BHEHAL - A - OISEH
E205in 0|M4E5T 3 Bl0|20iTA, HiXHCHED MESknt, ZRIristn Bt st

Microcystin-&- ¥-of %315l 803} 500 A cyanobacteriacll &) &) A w A7t} ofy FEANA FA A2
283l Al 2Hgk 8724 S d-L221o. Microcystin mey Aol 3] 2215+ microcystin synthetaseZ
o}2] A multi-functional enzyme complexel] £ &) 2] .&2] #o glo] A€} BelA mey 3218 PCRFFS
53 5422 QA MicrocystisT EAA L2 A28 4 Slvh £ A7l M microcysting A 3= TF5
F317] ¢ A A D 759 primerd 2] 842 A 3317 9814, 175-9] cyanobacteria®t S| 4~ A| Foll A
223 #aL Y A2 PCR 2EL 319l TOX4F-TOX4R, FAA-RAA, FP-RP primer’}ol] & A& 543
AR = Microcystis TF F 4¥7F A2=HA @skch. NSZW2-NSZW1 primer$}-& AH8-3t PCRE 7%
microcysting A3 3 S FFAM A FstA £ 2719 ArE o] HAF ik TOX1P-TOXIF primer% 2.2

PCRE % A3}, 339 AHE& #3F 4 ¢l v} MSF-MSR3} TOX2P-TOX2F primer#7ite]
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1158} Microcystis 2] mcy frAAS] £F-& A 331 2070 ¢] Ff| 24~ A & el 2} primerol] & & 35
B-£ 2} 3 A7}, TOX2P-TOX2F primerd-& AH-8 A -0l 3t ZE 35 A Bl A FFL AEL 3FE 9
At £ 47 A5} TOX2P-TOX2F primers}o] T fA o)A FAF PALSHE MicrocystisE A& 3ted 714
$-228} primeryd & ¥ ¥ 4 AR =& Microcystis aeruginosa NIER100102] mey F-07+9] 97149 ¥4 &
53 34 28 #5944 G S ¥ 4 AL
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cyanobacteria’} W@52lshe @S SE ¢k Aol )
59} GEANME 528 0] AsAA, ARSI EAZ7AA] &
= Q. s2dge] dojd EolA Jg &3] 2ds=
cyanobacterias Microcystis®} Anabaena®. 2eA 1L, £3] =
) BB T XME Microcystis 2] FE°] 43t &
A Tk,

Cyanobacteriav= alkaloids, polypeptides, nonribosomal peptides
53 22 oY FFY oJAUMRIES Asket], I F dF
B 158 BN H48 3715 3t 53] Microcystis B3
22 cyanobacteriat W89 HAMAANE A= F4LE
AYAF5}=H), microcystin, nodularin, saxitoxin, anatoxin, cylindro-
spermopsin &< TERA 02 theFehy 1ha AAAN Y 7]
FTH38).

Cyanobacteriat= 554 ZHIENA T4 FahA] %71 S8t
o E4E Bulshs Aoz ¢EX Athe). T E 4%
ANA Anabaena?} 1T wl, FEZHIEY HHo] 2/E H
algacvoreol|l Xl M FE HE bacteriovoreZ 434 FH|7} vlH
Ro| Y, H2 AFANME Microcystis®] HFA-2 ¥
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Gzo, $ESFAES of3) 44 57t @8] Dol
BFATH30). Cyanobacteria®l] 2]8] AYLtE = F49
ZEs) 44 Agel g Holab] A2 A
ofjEhe), UA WellX B2 protein kinase
9} 2% A3 protein phosphatase] TAS A o Z
Plshs Ao 2w d2iA k). =gk TolA Sdiks
& A8k Ao HAET e} o] Jthe Hi% SITk®).

HIMAS A o] Be F5olA cyanobacteriadl &gt
EA97F Bas vt 19953 A7)l M= Microcystis
aeruginosa’} $-743k= A FolA microcystin®] HEHF oW of
A Z2F7Y F5E 2AWAGE7). dRAAME 19953 HAE M.
aeruginosa®] bloomo| TAYS ARA W o ZF7} micro-
cystin Wil ZRpy] wWSE-S B3k A7 BAaESITH14). &
9] Darling Rivere o] =¥ F-d% Ao spozx &
& cyanobacteriaZ} ¥HE3IAL, ©] E& whal 71Eo] 16000kt
Zo AT Yt FEEAME (9908 ERE] S-85E o]
HE AN microcystin 5-2] cyanobacteria F4ol] 213 2
o] BEHA e, FA) AEo] HolrtE Tt HESA &
Zo] NPT AZIAAZA] YT FFE F 5 oL B
HAch36). 53] 19963 BebAe Caruaru AollAE cyano-
bacteria’} HAIE B TS HYolA o] E& AT
AggosH s8] A7} ARShe Akt g v Slet
G1).

ot
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FHIME 2 Foll oJaix 199687 19973 A= F8 5.
9] microcystin o] FAFEIITH1). HPLCS} bioassayE ©]8-3)
of ZAKet A7, microcystin-RR E3©] 0.3~13.3 ug/L,, microcystin-
YR 0] 0.03~1.3 ug/l, microcystin-LR 5] 0.1~11.9 pug/L
o2 VEhgtor, ZALE A thE-2 microcystin®] HEH AT
AABAZF(WHO) M= &2l 2-8<0l A microcystin-LRS]
FREE 7lo)=alRle g | pg/Lppb)yE AAIEH vl ATH38).

Cyanobacteria®ll 2J8+ ZAEZ 9] gRlol= HPLCE |83t 3}
3t BAH (1T ELISAS 28 AH3H #HH(2, 15, 16), 1
#1 FE o183 S WR(10) Tol Wol AHHT 3T
v AE o83 S HH2 AR AAIAH Y Sl
Al B7] WiEel H il olzel} dlFr)E o8 =
AZAAL el ANHZIE A TH12). EF HZolE micro-
cysting 7Z3}7] 18l protein phosphatase inhibition assay %'
o] =4I k2, 25).

Jeu BAAESAEQ WS o8 oS WEd a8
ole] et AAW} Zhesith 7] BAMETE H2L 16S
RNA #7218, 27), 165-23S tRNA internal transcribed spacer
region(19, 26), phycocyanin intergenic spacer region(21), random
amplified polymorphic DNA(20, 22), repetitive DNA elements(3,
33) 5% 431t BT, ojEldk BAELS Microcystis] Al
SRR AETRE AT B 54 A4 Y bE #59
FTEL BUFsith s & e Fo| 545 Addke dF
o} AA3HA| Behs dE BT X8k 917] WEelvhd, 34).

ZT microcystin synthetase Al g PCR 2 |7|1A4E
BEAS B3 AT 54F BASHE Microcystis W+ mcy
RSzt 9lg-o] HIEQIth23, 24). mcy gene clusters +
70 2] operon (mcyABCS} mcyDEFGHIN® 10719 open reading
frameS UE3BH= 55Kbo] FAHAR FAHO JTh3s).

Table 1. List of PCR primers for mcyABC gene amplification

=24 Microcystis 3% primer®] B7} 167

Nishizawa 52 M. aeruginosa K139&] mcyABC A+ 714
g8 EA3ATH4). mcyABC 5 A= activation, thiolation,
modification, condensation®] PHE module® T Utk
mcyA FrAAR= N-methylation domain®} epimerization domaine-
235 F 4 moduleE FAH 031, meyB FHAMS}
meyC A= 2k 5 709] moduled} 3] moduleZ T3
o] 9lgo] BEA Wb, mey FAAE AYH oz SEF
oax B AF Yol S9EE-E HASkE Microcystis®] EA)
75 AT 4 Uk

B AFNME meyABC HAAE BolH oz FEgittal ol
B2 E 79 primer#(Table 1)2 B R, T TFdA F4
Z AAsRE Microcystiss A& 7FE 83 primerdS
kel 3k AL stk ol& primers 5-RME H$jo)
meyA FRAAS] BRLG ZZ A= NSZW2-NSZW1 primerd
(24)7 N-methylation domaing FEA)7]:= MSFE-MSR primer’d
(34), mcyB A AF] adenylation domaing FHA|7)= 4% 9
primer#(9, 13, 17), 213 meyC ALY adenylation domains
ZZ A7) FP-RP primerd(24)S T8k Ut & 79 ¢
e tS3 2t} AR, meyABC AN Hol4] tigg]
primer’dEo] /IO, oFA71A] oI primerd T olHE
o] BAZ WA= Microcystiss &30 7 <3814
Hlu, J7HE P} glok 4, olv] B3 primerdSE =9
TFE ez 3137] WEe] AejFez mif v Fd ¢
ks 2 549 dFEdME FU E7E Y AR
AEZE Fasith AA, S S5oM 548 A8k Micro-
cystiss AEIEH 53 primerdo]l FJAATH, o] primerd
& o] &3 EAAESHY WS B8l 3 E59] microcystin
LEL IAIB] 913 ATl B48 Ao A3t

Primer
- Product (bp) Sequence (§' — 3') Annealing Temp. References
Name Direction :
NSZW?2 F 0 GTCGGGTTTCCTGTAGTTC ssoc Nishizawa ef al.,
NSZW1 R CTTGAAGTTGCCGAATTTGG 1999
MSF F 1369 ATCCAGCAGTTGAGCAAGC 0°C Cillett ot al.. 2001
MSR R ” TGCAGATAACTCCGCAGTTG Hetterat.,
TOX1P F 1500 GATTGTTACTGATACTCGCC 61°C Dittmann et al.,
TOXIF R ’ TAAGCGGGCAGTTGCTGC 1999
TOX2P F 355 GGAACAAGTTGCACAGAATCCGC c6°C Dittmann ef al.,
TOX2F R CCAATCCCTATCTAAACACAGTAACTCGG 1999
TOX4F F 1313 GGATATCCTCTCAGATTCGG so°C Kurmayer et al.,
TOX4R R ’ CACTAACCCCTATTTTGGATACC 2002
FAA F 25 CTATGTTATTTATACATCAGG SoC Neil . 1999
RAA R CTCAGCTTAACCTGATTATC eflan et at.,
FP F 693 CAGTCTGAAGGCGATGCG 58°C Nishizawa et al.,
RP R CTGTAGGGTAAGAGGGGGT 1999
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Z 9} A 25 o] microcystin A TFE &ER
Microcystis & 11 452} microcysting A3AJ}A| & Microcystis
% 5 @F, 181 Anabaena mactospora NIER10016S W42
2 A¥3IYriTable 2). FF TFT BG-11 8] A|(Blue-green
medium)ollA] 2,000 lux FFe] 20 F 25°CA YT o)
v 3t & A4S &8kt

T S A E MF

2001 79943} 2002d 109 A Wl AR == o] TA
g A= 18X 55 A AYeE HJA3tH phytoplankton
net (35um mesh size)2 ©]-83t] 20719 ABE AHSFATH
(Table 3). FZ7} A3 7F 549 EF(0~30 cm)ollA] 2+ ZAE
Wel 37l AHS 292 ARt Al ¥ JeE Rt
=

AL EE

¥E 77 9 35 ABERH NG FE57] Ao
Rochelle 5(32)2] WS HF3} o §a3lch. ¥ Ale< 4
A DNAE FE3)7] 95td &AM E2]7](14,000xg) =
Sterivex-GV filter (Millipore, Billerica, USAYS A8} 553}
gt 25 7ol 50UE tubedl] lysozyme buffer (150 mM
NaCl, 100mM EDTA, 15 mg/ml lysozyme, pH 8.0) 0.3 mlE ¥
i, 37°C F2 F87) FolA 1ARE B AR H 15% 2F
Zdog 550 AH AEE §97 4o]FSlr)h. SDS solution
(100 mM NaCl, 500mM Tris-HCl, pH 8.0, SDS 4%) 0.3 mlE&
A7bste] 65°ColA 158 5 vhSAIZl &, -70°CellA dea,
65°Co A =ole AL 33 wEEYT F#2 phenol (Tris-
buffered, pH 8008 A3 F,
amylalcohol(25:24:1), chloroform: isoamylalcohol(24:1)S <=4 Tl
2 7+ 13) Hisigtth AdEdS #Hsled F%9 W isopropanol
I} sodium acetate(HAE % 03 M)E H7I8FL -20°Co0A 124]
7r o)A WAt A4ke FAAA AT AAE ] (14,000xg, 15
min)3 3, o|ghe2 MA3LT, 7ZAIA DNA pellerS AUTh
34 MBS} BT #FEFH 759 2 UlraClean™ DNA
Purification kit (Mo Bio, Solana Beach, USA)E AA|3lA Tt &
AE A2 TE &8N (100mM Tris-HCl, 1 mM EDTA, pH
R0)MOZ =91 & (0.8% agarose gelo|A A7|9E3d FR3A
o5 20°Ce A BEsHATt.

phenol: chloroform: iso-

meyABC 38Xle] PCR EZ % 7MY 24

EAZAE S804 8R1E 789 primer¥ (Fig. DR & o
F9} 35 AlgolA 28 kS 2] PCR W8 Z(Table
Dol w2} meyABC A7 BE-S FE3AT 75 primerd
@714 QS National Center for Biotechnology Information (NCBI)
o] BLAST search programe ©]-8-3+%] GenBank database®} ¥l
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wated Microcystis®] meyABC FAATE BolHo g FEE 4
A=A FRIsHAT

PCR HES-E9] &AL Ix REZEA(100mM Trs-HCl, 400
mM KCl, 1.5mM MgCl,, 500 ug/mi BSA, pH 8.3), 200 uM
dNTPs, 0.1 M primer, FAE 3 DNA(10~100 ng/uh} 1.5
unit®] Taq polymeraseZ A7}5l & soule] EHEE e
o} PCR BFE-ZZ& 95°ColM 387F 27| & A2 &, 95°C
oA 30%, Zt primerde] ZA ZoA 30%, 72°CA] 1E4
303] whEsta, vpx|eells 72°coll A 1087 A & ¥hg-S
ZetA 17tk PCR AHE-2 0.8% agarose gelollA H719%531 &
detact.

A7IMEE BAI317] 93] NSZW2-NSZW 12 TOX2P-TOX1F
primer®} 0 2 FEE z}Z}9] M. aeruginosa NIER10010 PCR 4+
E-& pGEM-T vector (Promega, Madison, USA)l ligation 3t
2 E coli XL1-Blueol #HAZA)A, ampicillin (50 ug/ml)©] 3
¥ LB agar plateolA] blue-white colony 1ER] o3}
recombinant =&2 4¥3 3 BaseStaion™ DNA Fragment
Analyzers (MJ Research, Waltham, USA)Z 7| &g £43}
4k NCBI®] BLAST search programe ©]-83le] DNA
database$}t FARSE A8 v a3t

Microcystin &

High-pressure liquid chromatography (HPLC)$} indirect com-
petitive enzyme-linked immunosorbent assay (ELISA) 8-S A}
£&te] 2 42 microcysting HE3ATT

HPLCE ©]88 ¥4& 93, AFe A58 4 3= Wl
27 WSAZ) 3 B ZAAZ7)(Freeze Dryer, QAR L o], A
2, IE o83t WERE 40°C o3, IFUH 50 umHg
ola} Aol A Al 57t @A3) FAAZ E wi7px] HxS F 4
ANgo & 4F3) FH3 10% acetic acid 15 mlol] AEBIA
F2390h F2E S 28] WHEEH] Boj7 AT HE methanol
I} Z=F55E AF A7d C, Sep-pak cartridgee] FHAIA
microcystin® &A1 & 100% methanolE I/FE3IATE 3
4% methanolS 3| AFW7=2 3] SEAZ F &7 72
B 228 methanol 2 mid] £818F &, 0.45 um membrane filter
2 o33l HPLC #4o] AHE3%H. HPLCE LC-10A
system model (Simadzu, Kyoto, Japan)ys AH8-8}%11, columne-
Shim-park CLS-ODS (6.00x15 cm)ol 9Z3}e] 20w A2 &
FU3At}t. Mobile phaseZ methanol: 0.05M phosphate buffer
(58:42)0) E3a}e] ARE3IH . Flow rate 1.0 mYminZ 3FHL,
UV detectorS ©]-85t] 238 nmoll A S48t

Indirect competitive ELISA I'HE8- A-8-3l4 microcysting 7
23}7] 93] Imje® Pharmalink Immunogen Kit (Pierce,
Rockford, USAYS AH8-38l% Microeysin-LR (MCLR)¥} BSA
(Bovine Serum Albumin)E Z3HAZTh. Microtiter plate®]] MCLR-
BSAZ phosphate buffered saline (PBS, pH 7.4)%] 3413}
50 pukd ¥ 31, 37°C incubatorell A F A7t FF Hkx)sle] FEISE
% washing buffer (0.5% Tween20)E A &3}, Anti-MCLR
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31419} MCLRS] &)L Y1, 37°Co| A &+ A7 B9t whx|3H
T M H3}¥c}. Alkaline phosphatase® A Goat Anti-Mouse
IgG (22} FANE ¥, 37°ClA T AR T WA & AHs)
Tk 1.0mg/mi2] p-NPP (para-Nitrophenylphosphate)S 100 pl2
Yo Ao HEx]sled 308 3l microplate reader (Benchmark,
Bio-Rad, Hercules, USA)Z. 450 nmol| A F3=5 24319t

an o

EE DFE 0|28t primer 7}
Polymerase chain reaction (PCR)®| 71%3 WHE E4E A)

=24 Microcystis 3% primer®] 7} 169

AFSHE cyanobacteria® E43h=Ul, AWAS T wEoY
mouse bioassay®} 2+ SR} 7FASla, FahEo|ti(s, 28).
B A= PCRE sl I 35 ol microcysting
A= Microcystis®] A 455 dolrny) 93, olv] Rug
mcyABC FAAE Boldog ZEAF = 7159 primerd-S H
7F5FATHTable 1). ©)5 primers meyA 321 YRES ZFE
A7 259 primerd T meyB FAA] ARE-S FEA)IE 4
%2 primer®, 28] mcyC A AREE FFAIE 1€
9] primerd2- X8I Uth(Fig. 1). ZE primerde] |71ME
£ NCBI9] BLAST search program= ©]-835}%] GenBank data-
base¢} ®la, AMsIFTE 2 A 79 primer’d =5 micro-

Table 2. PCR results of 17 cyanobacterial strains amplified with 7 primer sets

PCR products amplified with primers

Strain Origin meyA meyB myC M
NSZW2  MSF TOX1P TOX2P TOX4F FAA FP
NSZW1  MSR TOXIF TOX2F TOX4R  RAA RP
M.aeruginosa KNU Korea + + - + + + + +
M.aeruginosa NIER10001 Korea + + - + + + + +
M.aeruginosa NIER10010 Korea + + - + - - + +
M.aeruginosa NIER10038 Korea + + - + + + + +
M.aeruginosa NIER10039 Korea + + - + + + - +
M.aeruginosa PUCC1117 Korea + + - + + + + +
M.aeruginosa TAC12 Japan ND + - + ND + + +
M.aeruginosa PAC17 Japan ND + - + ND + + +
M.aeruginosa PAC18 Japan ND + - + ND + + +
M.viridis TAC17 Japan ND + - + ND - + +
M.viridis TAC18 Japan + + - + + + + +
A.mactospora NIER10016 Korea - - - - - - - -
M.ichthyoblabe NIER 10045 Korea - - - - - - - -
M.ichthyoblabe TAC125 Japan ND - - - ND - - -
M.nocacekii NIER10029 Korea - - - - - - - -
M.viridis PUCC1002 Korea - - - - - - - -
M.weseribergii PUCC1113 Korea - - - - - - - -
'MC, Production of microcystin as determined by ELISA and HPLC test.
+, positive; —, negative; ND, not determined.
TOX4FTOX4R
(11734-130486)
P -
NSZW2 MSF TOX{P-TOX1F FP
(1517-1535) (3696 -3714) (113%0-12849) (16297~16314)
= o * B —

e -
NSZW1 MSR
(1699-1718) (5045-5064) {

RP
(16971-16989)

FAA-RAA

(11902-12660)

Fig. 1. Locations of 7 primer sets for mcyABC gene amplification. The number is based on the sequence of M. aeruginosa, GenBank Accession

No. AB019578.
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cysting AASIHA o]n] Ar|MEe] BEHA] A= MicrocystisH]
meyABC +3AE BolH o8 FEE 5 S-S ¢ 5 Ak
NSZW2-NSZW1 primerd-2 5-8/H < 1919} 58bp2] mcyA
FANE SZ3E primer$ S Z, Nishizawa T2 NSZWI1T
NSZW2 Z42}+9] primers AH3-3l9d primer extension ¥4 gk
23, mey AL B30 Wofl &= AS FHIAT
(24). 124}, oA 9] AT EME microcysting AAdE= T
£ &3] 93 BH2 = o] primer¥S AHEE PCRE 78
3 vy}l glok B A= NSZW2-NSZW1 primerdol] 2J3k
& 7579 moyA FRAE 223193, 2 A microcysting
R3S Microcystistho] o]0 2 ZEZHE Zs 448 &
AKATHTable 2). 2B}, M. aeruginosa KNU 59} Q¥ w5
Q1 M. viridis TAC185Y] o4} Z7]9] PCR 2HeS FASHA L,
YA 2] 5 gFelAE PCR FF 2HEe] o z7|Rd
200bp 7HFo] T & PCR AHe-S A tH(Fig. 2). =] &5
2 M. aeruginosa NIER100108] €714 €& 43 Zi(Fig
3), 0} 2] AZ(24)91 4] Shine-Dalgarno (SD) Al golz} oAt
W 2219} JAIFES Alolel]l 178bp Z7]9] AMEo] AUEH
ARt G Iy F5o EA8E microcystin A4 TF7}
oA Bag gFel dE-S 1T ¢ AATh A M
N2e Z2rH Ex dBE FIAF Tol fAE 7leidel
ok, FHA ==L 88bp UolA SD MEH FARE FHv-E
FAg 5 AU ) 7FlA A" AYMEH meyd 73

Kor. J. Microbiol

Zke] 3 B microcystin®] FAdoll hE Fz Ao thste] T
22 A7 28¥ Ao Ayzter

Tillett 5~ mcyA F73AF2] N-methyliransferase domains- A8
8o MSF-MSR primerd-S /W3R, 545 AAdte

MicrocystisE AZ8HEH] & B3YE T v K34, £

Fig. 2. Agarose gel electrophoresis of the mcy gene fragments
amplified with (A) NSZW2-NSZW1, (B) MSF-MSR, (C) TOX2P-
TOX2F primers from cyanobacterial strains. Lane: M, 100 bp ladder;
1, M. aeruginosa KNU; 2, M. aeruginosa NIER10001; 3, M.
aeruginosa NIER10010; 4, M. aeruginosa NIER10038; 5, M.
aeruginosa NIER10039; 6, M. aeruginosa PUCC1117.

Table 3. PCR results of 20 environméntal samples amplified with 7 primer sets

PCR products amplified with primers

Lake Date meyA mcyB mcyC MC!
NSZW2 MSF TOX1P TOX2P TOX4F FAA FP
NSzZw1 MSR TOXIF TOX2F TOX4R RAA RP
Keumma (Iksan) 01/07 ND + - + ND + - +
Namil (Jeonju) 01/07 ND + - + ND + + +
Dunpo (Asan) 01/07 + + - + + + + -
Daecheong (Cheongwon) 01/07 ND + - + ND + + +
Baegkok (Jincheon) 01/07 ND + - + ND + + ND
Cheongyang (Cheongyang) 01/07 ND + - + ND + + -
Chungju (Chungju) 01/09 ND + - + ND + + +
Paro (Hwacheon) 01/08 ND + - + ND + + +
Paldang (Namyangju) 0107 ND + - + ND + + ND
Yanggu (Yanggu) 01/08 ND + - + ND - + +
Kyungcheon (Mungyeong) 02/10 + - - + - + + +
Daecheong (Cheongwon) 02/10 + - - + - - + +
Shingal (Yongin) 02/10 - - - + - - + ND
Asan (Asan) 02/10 + - - + - + + +
Andong (Andong) 02/10 + - - + - - + +
Wanggung (Iksan) 02/10 + - - + - + + +
Yongdam (Yongin) 02/10 + - - + - - - +
Kongi (Chuncheon) 02/10 - - - + - - - +
Chungju (Chungju) 02/10 + - - + - - - +
Hoengseong (Hoengseong) 02/10 - - - + - - - +

'MC, Detection of microcystin as determined by ELISA and HPLC test.
+, positive; —, negative; ND, not determined.
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ABG19578 ATCGGCTTTCCTGTAGTTL ARATAGCAATAAT CCCACTCCTCAGRGACAGGAATTATCGE

AF4580594 GTCGGGTTTCCTATAGTTCARATAGCAATARTCCCACTCGTCAGAGACAGGAATTATCGE
AF183408 GTCGGGT TTCCTATAGTTCARATAGCAATAATTC CAC TCATCAGAGALCGGAATT ATCGC
NEIER10010 GTCGGOTTTCCTGTAGTTCGTATAGCAATAATCCCACTCGTCAGAGACGGGAATTATCGE
AR019578 TTTARCGGAACTGGGAACGGGEARARAAGCATTGTACCCCATGACT CTGAATACCGCCAT
AF458094 TTTAAGGG~~~=——= AACGGGGAARAAAGLAT-GTACCCCATGACT CTGAAT ACCGCCAT
AF183408 TTTARGGGAACTGGGAACGGGCARAARAGCATTGTACCCCATGACT CTGAATACCGCCAT
NEIER1001¢ TTTAAGGGAACAGGGRACGACAGAAAAAGCATTGTACCCCATGACT CTGAATACCECLAT
KBO19578 CAACCACTATTTABGE AARARGITT -~~~ - === == m = == == mm e o
AF458034 CAACCACTATTT G ABARAGTT ~ — o s m m e m
AF183408 CARCCACTATTTA, AAAARGTT - -
NEIER10010 CAACCACTAT TTAGGG ARAAGGTTAAGT AGT CGGACATAAATT CTGTTGTCTATCTTAAG
R R ahtatadii heied ’

§0”
ABOL19STHE e e o e e e e e e e e e
AF458094 -
AF183408 -—= -
NEIER1001G AAATGTAAAT TGCCGCAATTCTTACTGACTC CTGACTTCARAGTGGCAAGTGGCARGTGG
AB019578 e
AF4SB094 s e oo
AF183408 - S e
NEIER10010 GGAGAATACACAAARGCTGTCTCCTGTCTCCTGT CTCCTGACT CCTTACCCTACAGTTAA
AB019578 - AGAACAGCAATCGAAGCACAT CTGGTTTCAATAGATTA
AF458094 = -eesmmmssmmoooemoo—oooo AGAACAGCAPRTGIGARGCACAT CTGGTT TCAATAGATTA
BF183408  —mmmmmmmmmemm oo ACAACAGCARTGGAAGCACAT CTGGTTTCAATAGATTA
NEIER10010 CTTTACTTTTGTCCAACTACTTAGARCAGCARTGGAAGCACAT CTGGTTTCAATTGAT TA
et PreT s

i moyR

AB013578 CCAARATTCGGCAACTT CAAG

AF458094 CCAAATTCGGCAACTT CAAG

RAF183408 CCAAATTCGGCAACTT CAAG

KEIER10010 CCAAATTCGGCAACTT CAAG

e T N

Fig. 3. Alignment of mcyA gene sequences amplified with NSZW2-
NSZW1 primers from M. aeruginosa NIER10010 and homologous
sequences of other strains. ABO019578, M. aeruginosa (Japan);
AF458094, M. aeruginosa (USA); AF183408, M. aeruginosa
(Austrailia); NIER10010, M. aeruginosa (Korea). Putative Shine-
Dalgarno sequence and start codon are indicated under the nucleotide
sequence (Nishizawa et al., 1999, J. Biochem, 126, 520-529).
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Fig. 4. Agarose gel electrophoresis of the mcyB gene fragments
amplified with TOX2P-TOX2F primers from the environmental
samples. Lane: M, 100 bp ladder; 1, Keumma; 2, Namil; 3, Dunpo; 4,
Daecheong; 5, Baegkok; 6, Cheongyang; 7, Chungju; 8, Paro; 9,
Paldang; 10, Yanggu; 11, Kyungcheon; 12, Daecheong; 13, Shingal;
14, Asan; 15, Andong; 16, Wanggung; 17, Yongdam; 18, Kongji; 19,
Chungju; 20, Hoengseong. (A) Sampling date is Jun.-Sep., 2001; (B)
Sampling date is Oct., 2002.
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ABSTRACT : Primer Evaluation for the Detection of Toxigenic Microcystis by PCR
Hyun-Kyung Lee, Jun-Ho Kim, Soon-Ae Yoo', Tae-Seok Ahn?, Chi-Kyung Kim,
and Dong-Hun Lee* (Department of Microbiology and Biotechnology Research Institute,
Chungbuk National University, Cheongju 361-763, Korea, ' Department of Biology, Paichai Uni-
versity, Daejeon 302-735, Korea and *Department of Environmental Sciences, Kangwon
National University, Chunchon, 200-701, Korea)

Microcystin produced by cyanobacteria in surface waters, such as eutrophic lake and river, is a kind of serious
environmental problems due to its toxicity to human and wild animals. Microcystin is synthesized non-ribo-
somally by the large modular multi-functional enzyme complex known as microcystin synthetase encoded by
the mcy gene cluster. Amplification of mcy genes by PCR from cultures and environmental samples is a simple
and efficient method to detect the toxigenic Microcystis. In order to evaluate primers designed to detect toxic
microcystin-producing strains, 17 cyanobacterial strains and 20 environmental samples were examined by PCR
with 7 pairs of primers. Some microcystin-producing cyanobacteria were not detected with FAA-RAA,
TOX4F-TOX4R and FP-RP primers. The fragment of unexpected size was amplified with NSZW2-NSZW1
primers in Microcystis strains isolated from the lakes in Korea. TOX1P-TOXI1F primers failed in amplification
of toxin-producing strains. Only MSF-MSR and TOX2P-TOX2F primers amplified the fragments of mcy genes
from 11 strains of microcystin-producing Microcystis. The water samples taken from 20 lakes in Korea were
analyzed by PCR using each of the primers. In all the water samples, cyanobacteria capable of producing micro-
cystin were detected by the PCR with TOX2P-TOX2F primers. These results indicate that TOX2P-TOX2F
primers are better than the other primers for detection of microcystin-producing Microcystis strains in Korea.
The nucleotide sequences of mcy gene in Microcystis aeruginosa NIER10010 suggest genetic diversity of

Korean isolates.



