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The sequence diversity of mcyA gene involved in synthesis of microcystins was analyzed in Microcystis
spp. isolated from the Korean reservoirs and in the environmental samples taken from the Daechung,
Chungju, Yongdam, Soyang, and Euam Reservoirs at the cyanobacterial blooming season. It was
estimated that the sequences of mcyA gene in the isolated Microcystis spp. were much conserved when
compared with those in GenBank database. A few kinds of clones were dominant in the investigated
environmental samples, occupying 87 to 100% of total clones. No mcyA sequences originated from
Anabaena spp. or Planktothrix spp. was found. These results indicated that microcystins are produced
mainly by Microcystis spp. and the sequences of mcyA genes are much conserved in the investigated

Korean reservoirs.
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peptides©|H, ©|& sk opr|i=Ate] Fol Wl -LR, -LA,
-YR, -RR 55 Egsto] oF 70 Fo] LA 3Urh29, 32).
Microcystins 2] £l W2} 54 =7} ©F2™, microcystin-
LRe] =40 71 Astch32). =W 127] 344 micro-
cystins®] FEE FAME A¥ 20-1,500 pg/(g-freeze-dried
bloom materials)2] HY N 2™, microcystins®] EF+= -RR,
-YR, -LR¥} desmethyl-7-microcystin-LR ©]1TK18). =i T
9] 344 microcystin-RRE] F=7} 7 E=TH10, 18).

Microcystis sp.°I|4] microcystinsE /Jst=d] Host=
mcy gene cluster= 5 7]2] operon (mcyABCS} mcyDEFGHLJ)
ol 10712 open reading frameS & 3}sh= <F 55 kbeo] F3
A2 FAdEe] TH4). Microcystin A3 F-317ke] 9714 E
& B4 Microcystis sp.2] 54 ks H7BEAWI, 14),
mey gene®] X3} AWY20), 7 MBI F24 D7)
AME t823), 2 AAIE PCRE o838t S4A4F Micro-
cystis®] AlF28) T ATl EEHITE THelXe F=
Microcystis®] =4 A4F RS 2RIs7] A%t EAAYES
ARE MIshs A7t ol FAHTK3E, 12, 13).

mcy gene cluster 5 7FF 2ol ATE AL meyd FAAo]
o meyAd FRAAZEE AAE EANESH AxE G2AT
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Table 1. Origin and characteristics of toxin for Microcystis strains used in this study

Strains Source

- - - b
Microcystin analogs® GenBank accession no.

Microcystis sp. NIER 10004
Microcystis aeruginosa NIER 10038
Microcystis aeruginosa NIER 10039
Microcystis aeruginosa NIER 10111
Microcystis ichthyoblabe NIER 10112
Microcystis viridis NIER 10113
Microcystis sp. CBE-08

Microcystis sp. CBE-12

Microcystis sp. CBE-29

Soyang Reservoir
Paldang Reservoir

Daechung Reservoir

Ankei Reservoir
Ankei Reservoir
Yongdam Reservoir
Daechung Reservoir

Daechung Reservoir

Yeongchun Reservoir

RR(88), YR(12), LR(0) HM064472
RR(89), YR(11), LR(0) HMO064474
RR(83), YR(17), LR(0) HM003173
RR(55), YR(45), LR(0) HMO064475
RR(59), YR(41), LR(0) HM064476
RR(74), YR(26), LR(0) HMO64477
RR(100), YR(0), LR(0) HMO64469
RR(72), YR(28), LR(0) HMO64470
RR(100), YR(0), LR(0) HMO064471

* Numbers in parentheses indicate the % portion of analogs in total of microcystins.

" GenBank accession no. of mcy4 gene sequence

9] B4 Ak AR E BlE A8, 21, 25), microcystinsS A
Aele HEANTS genus oA THESE] S8 A7) A
AREH AT FHAME meyd FAAE SA MicrocystisE 7
Z37] 918 ARE JNEs] 918 947G, 13)9F Tl &+
& Microcystis <& FZAITE] S48 F32Le] kS
TEEhs AF(14)0] ARREITE AN olA7EA] o) 34
A EANA meyd FrRaxRe] Thddel disiAe Bo] EEAA] &
itk WA, B AFdME meyd AR G71E S o83
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ol 4E th S Z microcystins®] T= 2L EF9} meyd
AR Q7MY e BT

Mz H aE
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Aol A" 54 A4 Microcystis®] %5725 Table 1]
YERNSITE Microcystis & NIERZ FA|H 652 Iys, &
FE, 2YT, 9HE 9 Az EEE Aoz Iy
7}5}9](National Institute of Environmental Research, NIER)
S ZRE AFS Wkem, 3F(CBE-08, CBE-12, CBE-29)<
5o} T EelE Folvk14). F=AMTe] a%F uf
A= CB HIAIE AHS-8IATH26). FEAIT-S wiFehr] flste
25+1°CE FA3F iAol 150 rpm & wEHEI oW, 14
AIZEe] W71k 40 pE/m’sec FEe] wWhel 10417 1S
w2 REEST

S Alzo| F W 2L 20| = BN

Ao AR AR tHE, 898, F58, 9%, &
Foo AHsHATHTable 2). 5] B9 2007'd 1087}
2008\ 7€l Al8E AHHAL, YA SlM= 2008
697 99l X A5 AFsch AFHE AlEe ¥
BE At A3AE &30 F EA8t 484 a0 F
TE A3 98 g9He] AEE GFC 9#X|(Whatman,
UK)E o33t & olHE §890%, viv)&2 oTpx]9] A
£ F=319E 3345 A|(Optizen 2120UV, Mecasys, Korea)
2 FEN TS AT AAE o83 A5 e T
s

0|

e AT 2 FAEETH genomic DNAS| F&2
Rhochelle 5(24)°] S WIAA AL wige 3=
Aol 7%, ke 22,000xgolA] 1087 FAEE e F
lysozyme©] 3E3HE ¢5-8-94(0.15 M NaCl, 0.1 M EDTA, 15
mg/ml lysozyme, pH 8.0)= ¥l 37°CollA 1At B9 A
stk A gl SDS7F F3HE 95-8990.1 M NaCl,
0.5 M Tris-HCl, 6%(w/v) SDS, pH 8.0]& ¥i 5 7t &
A 7)(150W, A3l Korea)E ]3] H2AIT-S ot
etk Ex=ATY ) 58S Eol7] sl I Si¥E
(-70°C/ 60°C, 77+ 15%) A& 33 AAetk &9 F
DNA< phenol:chloroform™-S AFE3l AASIAY. FAIR
9] A%, GFIC AZAZ AFEE A3t F, lysozyme 58

Table 2. Sampling locations and concentrations of chlorophyll a and microcystins

Reservoir Location Sampling date Chlorophyll @ (ug/L)  Microcystins (ug/L) Microcystin analogs®
Daechung Chuso-ri Oct. 27, 2007 n.d. n.d. n.d.

Jul. 01, 2008 33.7 48.6 RR(78), YR(20), LR(2.6)
Yongdam Yongpyungdaegyo Jun. 27, 2008 40.6 11.0 RR(100)
Chungju Hacheondaegyo Sep. 02, 2008 64.2 14.2 RR(100)
Soyang Shineui-ri Sep. 05, 2008 4.60 1.34 RR(100)
Euam Gongji-chun Sep. 17, 2008 41.0 6.85 RR(100)

* Numbers in parentheses indicate the % portion of analogs in total of microcystins.

n.d., not determined.
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meyA RS FE317] 93 mcyA-Cd 1F (5-AAA AGT
GTT TTA TTA GCG GCT CAT-3)¢} mcyA-Cd 1R (5
-AAA ATT AAA AGC CGT ATC AAA-3")% PCR primer
2 AREEITH7). PCR ¥H3-S 5x Mg™'-free PCR buffer
(Promega, USA), dANTP (200 uM), Mg2+ (1.5 mM), bovine
serum albumin (500 pg/ml)®l GoTaq Flexi polymerase (20
mU/ul; Promega)S THEALZ ARESIHTE ¥ 50 plof
10 ng9] 3 DNAE T3l PCRS F3319th. PCR &4
2 95°ColA 3&xt JAG F, WA95°C, 30%), 2
(54°C, 40%), TIT72°C, 40%) GAIZ 3057] =3310.oH,
72°ColA 1087 FAHYE St PCRS I8 thermal
cycler= MJ Mini Gradient Thermal Cycler (Bio-Rad, USA)
2 Mgk

SARONA meyd FAAS] h3 library S T3] Slafed,
PCR *H&-2 PCR Purification kit (TaKaRa, Japan) 2 A3+
2, T-blunt vector (Solgent, Korea)E A&l 2L 3%
t}. Ampicillin (50 pg/ml)¥ kanamycin (50 pg/ml)©] &=
LB #AA 1Y 7+ vigst -, AlS 2 oF 100719] colony &
297 st AelE colonyoll PCR 2HEo] AFld A
£ #18l7] Y&k, meyA-Cd 1F/meyA-Cd 1RS primer= A}
&3te] Al PCRS F333t9th @714 E2 Solgentol] 9=
slod #4314l om, DNA #47]= ABI PRISM 3730XL
DNA analyzer (Applied Biosystems, USA)E A8-3}t} =
W SaelA el dEATe] F714 €9 GenBank ERH
S Table 19] Yellon, FAE0A AL cloned] 97]
A8 GenBank 735 HM003174-HM0031782} HMO064483-
HMO0644940] =50t 48 97148 CLUSTALW2
(IDZE AEe &, 7} A|5ollA FY3 cloned] =& WEE A
2tk F38HA ABEAS MEGA4 27)S AHS3leH,
A5 E%= neighbor-joining tree algorithm= AR8-3le] AATh

Microcystinse| £& 2 X2k

FAIRE ZFE microcystins®] TEE =3 H5k,
AlZE GF/C AHAE 335+ F, Maatouk 5(15)°] HHS
L HYAA FZ AASAT: A0l methanol §-4(75%,
vivS J718 ¥, 733 vortexing S 3E37F FaEALE oS
AR (11,000%g, 58)3kL F5HE FAP] FEH(O.2 pum,
PTFE; Dismic®-13; Advantec MFS, Inc., Japan)& J#}3}4ith.
oy}l e Cig column cartridge (Sep-Pak Vac 3cc; Waters, USA)
£ AR&st AAstR o, S8 23F557](Modulspin31;
St 7E}, Korea)E AMESH] F53HATH

Microcystins= UV S5 #Z7I(UV 725S; 4@7}3}, Korea)
9} Xterra RP18 column (5 um YA=7], 15 cmx3.9 mm

LD.; Waters)©] 42 HPLCE A-8-31] A@alom, triflu-
oroacetic acid (0.05%, v/v)7} &= acetonitrile/water (32%:
68%)5 oo Z AMSITE 473 microcystins -LR,
-YR, -RR (Wako Pure Chemical Ind., Japan)2 &% XFE
Ag AFE3l) microcystins 9] peakES T3l A ksl

21t { E9|

HEA 5 L microcystins?] £M

i T4 T 2YSE A, HE54 e FEE 337-
642 mg/Le] RAZ v =A et ZAF Al Alg 27/
Aol oSS I = UK Table 2). 2001d%
B 2008974 s AHe] H FEAR(GHFAAFTAL
www.kwater.or.kr) S FARE A3} 200830 733 57 Q1
A7) ol WY WRe] Aol FAE AAHoEMN 2R/ o
o] SAIRE Ao ® wdhEth 2001l ® AL o
2 3 4l 2F digo] AAFATHLT). AEE AHT
e ShoME 22 Y 5 APl BEEUTH

Microcystins 2] F=+ 1.34-48.6 pg/Le] HLIHUTHTable 2).
HHZE ALt ZE AlFo]A microcystin-RR T+ HEES]
o @5 A$olE microcystin-YR 2 -LRo] Z+z} 20,
2.6%7F AR} microcystin-RRE] F=7} 71 =S THTable
2). o]8d Aa= F 54014 microcystin-RRo] 7178 Bk
< 71&9 A7 A9} IA s Aelth10, 18). AARATT
9] H= E9] Yol 3t microcystins 2] 27|52 microcystin-
LRS 7|ZF0 2 1.0 pug/LoltK5). & AHoA EAE ZE A]
Fol4 microcystins2] F== 1.0 pg/L °)/dolA|gt, o] Ais
WHO 7|%% Hlwsl7|= ojfgoka sdet 1 o)f= i
SadAM AEE AHT AHe] FxE A AT ATEH
AgHoz He] Hojx 9om, AEFH microcystins2] FF7}
microcystin-LR]l HI3] =/d¢] ¢kgh -RR EE -YRO]7] W&
o]t} AJF ol gk microcystin-LR, -YR % -RR2] =X s
== Z¥7} 50, 150-200, 500-800 pg/kg©lth(32).
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mcy gene cluster & 7P B2 o] A7IAGo] <ERl
HAR= mcyA©lth. GenBankoll 2837 meyd 34 A71ME
< 5177020101 49 1Y 71°IH, Microcystis <l tigh
A7} A 9] 81% = 7P Bk mcyA +73A+9] condensation
region< Ud0 2 7 PCR primer?] mcyA-Cd 1F/mcyA-Cd
IR (NE FTZH A7IMLL 359712 A 69% oIt @Al
7HA] GE R A7 Bl w2, o] primer setE AFESIA
Z3519S Wl Anabaena, Planktothrix 2 Nostoc &9 ZRE
297 bp2] =0 RHEOA|H, Microcystis sp.2] 73-%-ol= 291
L= 297 bprt YHEOIXItKFig. 1). PCR 2H=2] =7)7} 297
bp?l Microcystis 4+ V|=2] Lake Erie, Lake Ontario, Klamath
River & San Francisco Bay®} 5+2] Dianchi LakeE H| &3}
SRAENAlI A A QITKS, 22, 30, 31). U TAolAM B
2" 9% Microcystis 4] 7% 25 291 bp9] PCR 4AHES
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nabaena circinalis 90 (AJ536156)
87 | 1Anabaenacf. flos-aquae NIVA-CYA83 (AJ515466)
72 | 4nabaena sp. 66 A (AJ515462)
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291 bp

I

297 bp

Nostoc sp. 152 (AJ515475)

Planktothrix sp. PCC 7821 (AJ515473)
Planktothrix agardhiiNIVA-CYA 126/8 (AJ441056)
Planktothrix sp. HUB 076 (AJ515472)

Fig. 1. Phylogenetic tree based on the partial sequences of mcyA gene in microcystin-producing cyanobacteria. The tree was constructed by
using the neighbor-joining method. Strains isolated from the Korean freshwaters were indicated in bold-face. Local bootstrap probabilities are

indicated at nodes.
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o] =S ofmFith
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g& B3 A3}, meyA-Cd 1F/meyA-Cd 1R AME-3ta] PCR
= TSRS o 291 bp Zol9] AEo] AAHUNCH, BE
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Microcystis aeruginosa UV 027 (AF458094)
Microcystis viridis NIES 102 (HM064478)
DCO07MCY A-04 (HM064488)

Microcystis aeruginosa NIES-843 (AP009552)
CJOSMCY A-30 (HM064486)
CJOSMCYA-46 (HM064487)
Microcystis cf. aeruginosa PCC 7941 (AJ515460)
mcyA-clone-03 (HM003176)

Microcystis aeruginosa UTEX 2388 (HM064481)

10 CJOSMCY A-09 (HM064483)
0 Microcystis sp. CBE-29 HM064471)
Microcystis aeruginosa K-139 (AB019578)

13— DC07MCYA-32 (HM064490)

DCO7MC

CJOSMCY A-20 (HM064485)

Y A-31 (HM064489)

mcyA-clone-02 (HM003175)

291 bp

Microcystis ichthyoblabe NIER 10112 (HM064476)
Microcystis aeruginosa NIER 10111 (HM064475)
Microcystis sp. CBE-08 (HM064469)

N Microcystis cf aeruginosa NIES-89 (AJ515459)
mcyA-clone-04 (HM003177)

5] |

|Micr0cyst[s aeruginosa MA-Dianchi 1 (EU203573)
-Microcystis viridis MV-Dianchi 1 (EU203574)

297 bp

62

|Microcys‘tis aeruginosa MA-Taihu 1 (EU203576)

65— Microcystis viridis MV-Taihu 1 (EU203578)

U—

Fig. 2. Phylogenetic tree based on the partial sequences of mcyA gene found in the Korean reservoirs and taken from the GenBank Database.
The tree was constructed by using the neighbor-joining method. The clones found in the targeted reservoirs were indicated in bold-face. Local

bootstrap probabilities are indicated at nodes.

clone®| Microcystis 43} FAH3o] & ASZ eI THFig.
2). ol A= Ui AHoA 545 A= Anabaena
4 W= Planktothrix 0] EA8A] EAY, wi¢- HL 57}
SZANES orisit). drjF o i ARE BEEES o), &
25 9 AT A BA T Anabaena’} EAsH= Ao &
ZE Ak E3F JFRA o] The= 4ol U391 phycocyanin
fZA} el ti$k PCR primerZ E2] AM4-E= PCBF/PCoR (16)

= ARgSte] it ARE BA8HIS W, Anabaenadll 3
= clone°] 8F5 e}t PTolA 242} 49% 9k 40%E 2HAI8HA
cHEd mAA).

Phycocyanin B subunit$} a subunit AF°]2] intergenic spacer
o] Zol= FxAlutol w}t thZ™, GenBankoll 55 €714
D& XA Microcystis 9] 73-9- 66 bp7F HAA] 95%©]
W, Anabaena £ 75-)E 76-103 bpe] ZololH 61%7} 99



bp Zo|E YepT) A3) AellA, GenBankol| 55 Anabaena
229} meyA A7198 3 meyA-Cd 1F/meyA-Cd 1RS) F7] A8
& Hlwg 27, G5 @716A Zpel7t /1o, o] primerE At
23195 Wl Anabaena 2] mcyA gene©] SEH A &2 71s
o] A=Y (14). 1 BRI817] $181¢ Anabaena 2] meyA
9} mcyB gene®ll specific$t primer setE& #|2}sl] PCRE 4=
st A}, g AlFA PCR AHE©o] AE AHEA] gtk
(A} FAA). ol#e Az FHd o, B AlA A%
A)Z o)A microcystinsS A= Anabaena 42 QAL Ui
T AL FEE EAske AR Btk B AT tidsa
< 5710w, 54 Al AHT AEE R 2% Aol
7] wj&oll, =) =AY EfAlo] microcystinsE AAJSH= Anabaena
&0 EA o g 2 FAFA] gtk

P AlFodA 5 cloned] HIEE AR 23, BE AR
oA F FF9 cloneo] 3= Ao=Z YEPSTKFig. 3).
Microcystins 2] 57} $& U3, 4U5, 893 Al52 F
- clone®] FH7F 2-3702 thekdo] wi-g- itk Aoz
HHEGS W, Microcystis 4 ©]9]9] T FxAlTo] A9
BAER] g2 5L AFA= microcystinse] FE= 14.2
pg/LE A A gtor), cloned] FHE /IR BA43 A
8 T 7FE B2 5 YeIItHFig. 3). 5] Ae, 2R/
o] dofdt 2008'd AlFEolA clone®] EF7F 5711 whA,
ZFHUEAo] B A1 2007 1020l AFF A=
8%9] clone®| AZHUCE X3 ZF clone o HIE0] F AR
Al ZdelatAl vl olEg Ade 2RO A7) 4
gk @] Aol FXHAY) dESE AlEH:

AYSE A AGolA vzt TR HEA oVt T
Hlou, tidso] 79 microcystins®] &7t vl £ A
& 54 A G2AE 7 2AY microcystins 2] AAAE

e

W]

o] ¥=L& Microcystis?7} A -3 7] WY 70l
At WA E A2t A5} HAFE A5A 7P 3=

clone®] F77} dolslditt. =, tHEE AlLlRt AlBelM=

100
/\\\\\\\
N 8 B A dE
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I
=
=
E ,
S 40 S O R P
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20 4 - | == mcyA-clone-01 |
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mcyA-clone-03
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Fig. 3. Distribution dynamics of mcyA gene sequences in the
Korean reservoirs. The remaining parts to 100% of the bars indicate
the sum of clones occupied below 2% or those found in only one
Teservoir.
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mcyA-clone-01°] 78 Hl&o] wkou, A F o= meyd-
clone-027} 717 &2 HIEo|th(Fig. 3). WeEbA, s
microcystins®] ¥ T} T2 349 g 54 A5l
Hold w5l 71Q1E 7FsAdo] Jdom, olo ek $&AF7}
Zast Aoz AlEHCh

A7 PCRES o83ty X PAES Algske A7t
ol o]Fo] Fow, H4 AAF Microcystis2] 73-5-oll= AA)7F
PCRHE o|&3lo o|F AlF3atr] 913t o= whHe] Ar=A
the, 28). U T4l meyd®] A7IAEo] w9 HEE O]
Je AeZ Yeiton, o B AFax 53 f14 F
o] HAIZF PCRE 53 54 MicrocystisS] AFE A3 W
Holl 82 F U= Ak

E AP =i il 3548 e E 2F 549
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