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Detection of Toxigenicity of Cyanobacteria by Molecular Method. Lee, Kyung-lak, Weon-hwa
Jheong, Jong-min Kim and Han-soon Kim'* (National Institute of Environmental Research,
Kyeongseo-dong, Seo-gu, Incheon 404-170, Korea; Department of Biology, Kyungpook

University, Daegu 702-701, Korea)

In the present study, we performed the PCR assay using TOX2P/TOX2M primer tar-
geting a specific region within meyB gene to identify potential microcystin-produc-
ing cyanobacteria. TOX2P/TOX2M primer set was effective in amplifying mcy gene in
the field samples containing Microcystis spp. of 1,000 cells per mL. Moreover, the
results from the PCR assay agreed with those of the ELISA analysis. Consequently,
this study demonstrated that TOX2P/TOX2M primer set can be used as a genetic
probe for the early detection of cyanobacterial toxigenicity in Korean water bodies.
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Waol A&He) Bojoksi] we xpel Sua4
< A AAAMez dE] LA=E (=} E, 2000; Sabour
et al., 2002; Kemp and John, 2006), F32Fol] 23] YA
HEe SAEAE Azl A48 9§e 2 4 U4
(Falconer et al., 1983; Falconer and Humpage, 1996). 3
2R AAEE Y 54 S5 233 =4 3YgEL
A9l slA AAdEE) (Sivonen, 1996; Codd et al., 1999;
Kaebernick and Neilan, 2001). £3], 7}3-%4-2l hepa-
totoxin- 7hA| Zof| HolR oz Aoz <zt zH
$£AHE gk} (Carmichael, 1992). 71 2491 744
=4 microcystins 2 dalx glom o] E4X 900
~1,100 Dalton®] EA}eFE A AV Tz (-D-Ala-X-D-
MeAsp-Z-Adda-D-Glu-Mdha- )24 32F Z4F 34

A 7H g2 Ex3lE H4o]v(Sivonen and Jones,

j

1999).

Microcystins & AAdste F3 FxFe Microcystis
(Carmichael, 1988; Carmichael, 1996)% 3ejdo=s X
ds}elel= microcystins A3 HAL FAAE] EAH
Toll whe B4 9 ¥IEA Fo= FEE 4 It (Meiss-
ner et al., 1996). wetA), Fe A EAld] AT dn)F
A w4 (microscopic method)-2 5A4] Z2| #gle] &7}
=3}, =3}, PC-IGS (Neilan et al., 1995; Baker et al.,
2001), 16S rRNA (Otsuka et al., 1998) ¥ 16S~23S
rRNA internal transcribed spacer region (Neilan et al.,
1997; Otsuka et al., 1999)7} 72 EXAQESH W=
& 2 549 ARAL PPgonh 54 £34 wny
Z9] 93ksl FRL Erles19v) 31|49k microcystins
gAlell Fed &= microcystin biosynthetase (mcy) gene
of Hat FAIESH A7EE 54 2 ¥sA d2R
E F8E 4 e PCR 7YY 22e 7MH$-Ditt-
mann et al., 1999; Nishizhawa et al., 1999; Baker ef al.,
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Table 1. Comparison of PCR and ELISA results among cyanobacterial strains.

PCR
Strain Species Origin — MCs
TOX2P/TOX2M

NIER-10001 Microcystis aeruginosa Daechung Dam n.d. n.d.
NIER-10004 Microcystis sp. Soyang Dam + +
NIER-10010 Microcystis aeruginosa Sapkyo Stream + +
NIER-10012 Microcystis sp. Sapkyo Stream + +
NIER-10020 Microcystis viridis Nakdong River + +
NIER-10022 Microcystis novacekil Nakdong River n.d. n.d.
NIER-10038 Microcystis aeruginosa Paldang Dam + +
NIER-10051 Microcystis sp. Daechung Dam n.d. n.d.
NIER-10073 Microcystis wesenbergii Daechung Dam n.d. nd.
NIER-10055 Microcystis sp. Daechung Dam n.d. n.d.
NIER-10056 Microcystis sp. Daechung Dam nd. n.d.
NIER-10058 Microcystis sp. Juam Dam nd. n.d.
NIER-10083 Phormidium musicola Daechung Dam n.d. n.d.
NIER-10111 Microcystis aeruginosa Yeongchun Dam + +
NIER-10112 Microcystis ichthyoblabe Ankei Dam + +
NIER-10113 Microcystis viridis Ankei Dam + +

MCs: microcytins detected by ELISA analysis, +: detected, n.d.: not detected.

2002). Tillett %-(2000)e] wl=2w, 42 YJAstE= Mi-

crocystisol] £ 8= mcy gene cluster:= chromosomeX} Mz o 9y

oA = 712] operon (mcyA-C W meyD-J) 7Z=2. v]jg
= 10712] open reading frames (ORFs)-& ¢t 33}sl= 55
kbe] DNAE =33t} 5 719 operonFE mcyA-Cx
nonribosomal peptide synthetase (NRPS) modulesg-
3.3}3}, meyD-J+& polyketide synthase (PKS)
NRPS modules $t33}3lc}. wdebr], mey 4432
elrog ZZA|Z]o 24 microcystins A A9 754
FAg 4 ik

FYM = Ae[ARE FAoF 22 Microcystisdl
o8k 437} wldsA LAt 9lem (= &, 2000;
7] %, 2005; 4, 2005), o] S| 23] AA% microcystins
9 27}l FAHez BuH vl v} (Park et al., 1998).
3}A] 5}, microcystins 9] &S $3 PCRYol| A3 Q7

£ A8 49 vt glek 59, A2 A58 4597
2HE e 219 QA8 3= o, 54 d2R
o] S 27l I &F -’F U PCRYY =4 A
Se) AAshn A4% BeE AdAE deA Best
o} (Baker et al., 2001).

o] H LA A AE-2 meyB §AAS target 0.2 3}
= TOX2P/TOX2M primer#oll 28 PCR A& E3)
) AN F2F 54 229 AsAe G
A s

to ¢ ¥4 o

1. Cyanobacterial strain and growth condition

Age] A48 F2F FF (strainyES FHRHF A
2] (NIER, National Institute of Environmental Research)
o) wWje} FFES olgdlger, ol FFES 15719
Microcystis 43} 170¢] Phormidium musicola® 415
gJc} (Table 1). A3L & FFE-2 < 30 umol photons
m2ste 2l 2541°Ce) &xdlA CB medium
(Watanabe, 1996)& AH&-3te] AJAFAIZ e

2. Field sample

& FxFrl 293 20061 643 94 At
ﬂﬂ~%£ﬁaﬂiﬂﬁxﬂﬁ%0ﬂlﬂﬁ)¥<&ﬂ%@ﬁ
A es 2 A7 AR 2uFe FHe B
1) 7] (Zeiss Axioskop2, German) 400~ 1,000u] oA Al
A1stgich PCR A¥S 918 @A =S =3d <A
o AAE o] F HERFES 283 4 (Sonic
Dismembrator 550, USA)E E3) hdAz= 7tz 2
3}l o, serial dilution A& AZ &, mLe °F 1,000
cellsg 3-8-3F 50mLe) Al8E Falcon tube (USA)el| ¥
o] A wj7}x] —20°Cell RI3}g e
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3. PCR template

Whole-cell PCRo)| A}£-% template?] FH]|E 3] 50
mLe] 7 A5G d5F 2 $HFAR)E 308 59
4,000 gl Al YAE dled 1mLE FFHAZ &
7} AlgE 158 F<F 10,000 gold AR AA AE
o} (supernatant)& A 73& F Mili-Q water (Millipore
Coporation, USA)e]| ]3] mixing¥} washing 3}3] & 33)
ulE3le) om, HE 100 pL (2F 50,000 cells) 2 5217
=t

4. PCR amplification

PCR =& 93] Al&%= TOX2P/TOX2M primer#-2-
o} 7o} (Dittmann et al., 1999).
TOX2P (forward primer):
5-GGAACAAGTTGCACAGAATCCGC-3’
TOX2M (reverse primer):
5-CCAATCCCTATCTAAACACAGTAACTCGG-3
PCR £%2 GeneAmp2400 thermocycler (Perkin-
Elmer Cetus, USA)2 o]&3}ed 21]3}l9dv}. PCR mix-
tureo| = 10 X PCR buffer (Promega, USA) 2.5 uL, MgCl,
(25 mM) 1.5 uL, dNTP (2.5 mM) 0.5 pL, bovine serum
albumin (BSA, 12.5 mg - mL™!) 0.2 uL, Tag DNA poly-
merase (Promega, USA) 1U, template 2 uL % &3 25
ML) volume o2 %37 93] A7hE ZR4h 29
9}t PCRE- 95°Col|#4] 38 %<t predenaturationS Al
AlZE & 95°Cel|A 30, 66°CollA] 30, 72°CollA] 1%
30%4 30 cycle® ulE-sty, 72°CollA] 108 Z<} final
extensiong A A8l

5. DNA sequencing

PCR A A E-2 PCR Purification kit (Bio Basics, Cana-
da)& AH&-3led A (purification) 81332, ABI Prism
BigDye Terminator v3.0 Ready Reaction Cycle Sequenc-
ing kit (Applied Biosystems, USA)¢} ABI Prism 3100
Genetic Analyzer (Applied Biosystems, USA)E A}&-5}
of sequencing 3}FTh ZE 97|Ajg-& BLAST 2.1& A}
43ty GenBankel] 5353 mcyBe] ¥} vlastgit.

6. ELISA analysis

Microcystins®] Az BAL 93 enzyme-linked
immunosorbent assay (ELISA)S A}£-3l9it}h ELISAS
©]-2-3} microcystins 242 0.16~ 2.5 ppb H$]ol| A A=}t

A+9] protocole] el Microcystin ELISA Plate Kit
(EnviroLogix Inc., Portland, USA)E ARg-3le] AlAI3HS
o} B0 oA 100 mLe) sampled #1-3%%7] (Labcon-
co, USA) A EZ4AZ AZloem, Ax® A8EL soni-
cation (Sonic Dismembrator 550, USA)#} ©jE-o] 20 mL
9] Milli-Q water (Millipore Coporation, USA)Z 33]ej]
AR FZach FEEE 1565 F3F 40002904 LA
3a) sl om, AFS-H-2 microcystins ¥4-& $13ll assay
kitel WA

o o n@

TOX2P/TOX2M primer#S o] 88} U 87 =4
A BT FYPIAANS F2F FFEE W
2 meyB $42}2) PCR 2%-& AlA515{eh. PCR 240
A 16708 #3325 F 89 5L, Microcystis sp. NIER
-10004, Microcystis aeruginosa NIER-10010, Microcystis
sp. NIER-10012, Microcystis viridis NIER-10020, Micro-
cystis aeruginosa NIER-10038, Microcystis aeruginosa
NIER-10111, Microcystis ichthyoblabe NIER-10112,
Microcystis viridis NIER-10113. 2235 350 bpe] PCR
AFE-o] A ¢ (Fig. 1). ZF PCR ZA3-5-2 ELISA
93 microcystins®] AFEEAH AAEFH dAFAH
(Table 1). meyB 5421 ¥-919] A&t &l< $)3) band
7} &g 8709 PCRARRES WAfo2 meyB H37
Hedeae AT F AT 971495 GenBanks]
529 F%EY moB A9ED wwsilsh 1 A,
meyB §-AA ] 72 G M DE FELS R M. aeruginosa
(GenBank accession no. AB019578), M. aeruginosa
(AB092806), M. viridis (AB092807) ¥ M. aeruginosa
PCC7813 (AY034601)2] mcyB 53 A}e] ¥-9) 9} 98~100
%2 identityE epN et E3), M. viridis NIER-10020
o] meyB A71N QL M. viridis (AB092807)8t 100%2)
identity2 Bgth oebA, 8718 =& PCR AHEREL
meyB A Age RRYE VY & s
TOX2P/TOX2M primer#2] A ZLAE Ldoln7r] £
3 AA(FEA, Y D HADAA AT 9742 A
850 djs] DNA #&344& AFg whole-cell PCRE
A8 A3} ELISAo) )3l microcystins 4] o] #elgl
4718 HAANBENAL oA HEL (M. aeruginosa
NIER-10010)% £U3& 7] (350 bp)2] PCR AbEo| &
Q1¥ g} (Fig. 2). 1A A 850l o3t whole-PCR3} ELISA
B AHES] U= TOX2P/TOX2M primer¥o] 373
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Fig. 1. PCR amplification of mcyB gene by the oligonucleotide primers TOX2P/TOX2M from cyanobacterial strains. A. M:
DNA marker, 1: Microcystis aeruginosa NIER-10001, 2: Microcystis sp. NIER-10004, 3: Microcystis aeruginosa
NIER-10010, 4: Microcystis sp. NIER-10012, 5: Microcystis viridis NIER-10020, 6: Microcystis novacekii NIER-
10022, 7: Microcystis aeruginosa NIER-10038, 8: Microcystis sp. NIER-10051, 9: Microcystis wesenbergii NIER-
10073, N: negative control (dH,0); B. M: DNA marker, N: negative control (dH,0), 1: Microcystis sp. NIER-10055,
2: Microcystis sp. NIER-10056, 3: Microcystis sp. NIER-10058, 4: Phormidium musicola NIER-10083, 5: Microcystis
aeruginosa NIER-10111, 6: Microcystis ichthyoblabe NIER-10112, 7: Microcystis viridis NIER-10113.

400bp e
300 bp

Fig. 2. PCR amplification of mcyB gene by the oligonu-
cleotide primers TOX2P/TOX2M from water sam-
ples of Ankei Dam (AK), Yeongchun Dam (YC),
and Goolpo Stream (GP). M: DNA marker, P: posi-
tive control (M. aeruginosa NIER-10010), N: nega-
tive control (dH,0).

oA ZA)AH microcystins A F2] Fels 93 wAH
3l probe-& Bl Fgich

Microcystins®] &Alell Bodd)= §AA} FoA] meyB
4% A+ adenylation, thiolation & condensation domain
<+ 7 0 2331 2709 moduleZ A H ] Sl
(Tillett et al., 2000). o] Ao A5 TOX2P/TOX2M
primer’-2- mcyB $-412}2] adenylation domaing E-o}
Hozg ZZA77] Y8 /NiE¢lem (Dittmann et al.,
1999), Pan %(2002)-& TOX2P/TOX2Me] 2]3 PCRH
2 microcystins A TFF ¢ 443ty g o=w
AET 4 e 48 v oln] FHE v A
53], ol A7E B8 Aoz FUIT AAE Al
NA BA w4 BEA 757 2T AU A
2 FEF ws}t}(Table 1). o] A18) 75 (Neilan et
al., 1999; Ostuka et al., 1999; Tillett et al., 2001))| 4] o]
v FHE wkel Zo] mey FAAe] ExIV} F] A
A4 TG AMlE & RAES bS], "F

(el Fehd oz St 54 2 Hmg 7
Fr A7 295 g ASAY Xfeld wel &3 <
Abo] Feba 4~ ¢lo)(Bittencourt-Oliveira, 2003). whe}
A, A F2E2] Y E 3 (monitoring)2 3l %
o AHEET g 39 YN BAel Az B
w7  #29 (microscopic method)2 microcystins A1
F32) FQlex= 2123 vy o]v} (Dittmann and Wie-
gand, 2006).

ol QoM mey HAA} ElE #F H B =
£2 wE= ELISAY] 2§ microcystins?] A o] Eel=
9} (Table 1). o] mey $-AAE A Microcystis 71 A
2 A9 &9 ¢)°] microcystinsE AA = PAdty
B3 A A3 Axsst 9x]gch(Via-Ordorika et al.,
2004; Dittmann and Bérner, 2005). -$-8]u}el= 19981
BE AR FAloz 27 ARAZ AASI 9o
o, 2006 27 o BA APAE FFP w2 &
2% M E27} 5,000cells - mL?! o)At W] 2FAEE
utadgla} EAlofl HPLCo| )3} microcystins®] Ak &
Mg AAstT AoHEHE, 2006). 31Xk, HPLCH] 2|
& £A] 42 microcystins®] ZAGA <A A o] 7hest
e e glont, AAeEe] gleir Azke] o] 48
Hr, theke) A|8F B2 e} (Poon ef al., 2001). W}
A, 2F Auot DAE7] A iAoz e dx2F
% $FoAE HPLC £A4E 24317] oot b
o, 2F A s AE(edAY P HAH AAA
BES 2402 AXE TOX2P/TOX2M primer?}ol] 2]
gk whole cell PCRY-& 2775 HHDA o]H9] U=
%2 (2F 1,000 cells - mL )M = w-¢ &ap-o|51 A4
A mey AR FFol| AJF3H =8, whole-cell
PCRY-S PCRAA NN 3718 AIF (kit)e AH8-8he
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DNA #2733 & AFgozm v)4o A7eq onis}
7 8ol glo] &AL Eole FHA AFL A
o} (Baker et al., 2001). 23" 0 2 TOX2P/TOX2M
primer#ol] 7] 238 PCRY =} HPLCHY Afo]e] HAF &
Zo] o]Fojxlchd ) 42A19] microcystinsell W3t ©
EgA< RUEHe] 7bsd Aoz Addn

5| 2

HEFE 54 AAHE Felsr] 918 microcystins
¥4 FAAR] meyBel Bo]Ho=z =asl= TOX2P/
TOX2M primer#-2 |43t whole-cell PCRE Al A3}y
o #AARE ez & AY A TOX2P/
TOX2M primer#2 ¢F 1,000 cells - mL19) Y2 dly
AN BN meyB §A4] 2Fo) HTesen,
meyB §A2E AW FEL& =F ELISA ¥4 o3
microcystins®] AJAle] #Felwglit). welr], TOX2P/
TOX2M primer#-& F9] 24104 54 dzFe] A
&8t A4 AEE 4% 583 probez HATHEY
o,

AZrs, £33 2000, FTAFE A 23 =et Microcystis
aeruginosa AR X9 HE 847 33:119-127.

ZAEn), 3, A3}, v, 2005, o selA) ABZar=
E 28 S0 2A5e) AR, G457 38: 217-224,
W2 2005, A 50 daAF 43 g 24 Sge

23: 304-314.
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