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meyA-Cd 1RE primer® AME-8}$ATHTable 1). 16SCF/Cya-R783
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Table 1. Primers used in this study

Kor. J. Microbiol

2 27L& 16SCF/Cya-R783%} TU3ITE 4 Al59] A9 9
oA AAIE Hial Zo), GEICE AAjt & J4 s HoR
DNAS %23t ¥ mcyA-Cd 1F/mcyA-Cd 1IRS AH831 PCR
< FYsinh

PCR 2HE-L PCR Purification Kit (TaKaRa, Japan)2 A gk
% pGEM-T easy vector (Promega)E AFE-3}4 cloningS 3%
o pelE dxAEel 4% 3% 4040 tet 44 s A
9] colony® AEstglon], 34 A8 Bedde 27 65719
colonyZ Aeialdc}. 16S tRNA B+ meyAd F-32F2] PCR 4F
9 AL A7 433, 297 bpE A7) wlFol| white/blue
selectiond F3)3}A) &AL, LA (+ampicillin) H| Ao A A}k
colonyE F-A4H9) 5 Melzldch MelE colonyw 24413 Bl % &,
16SCF/Cya-R783 B+ mcyA-Cd 1F/mcyA-Cd= PCRE 533}
& 168 rRNA = meyd 347 AR A& 418t

219 plasmidS Miniprep Kit (Solgent, Korea)Z “g#|8}512.
™, MI3F primerE AH&-3o] DNA 47]A B4 7] (Megabase
1000, GE Healthcare, USA)E A3t @714 EE 2743810
16S rRNA2] $9714 €& RDP Io] HEste] 71&d] €&zl &
ZATEe 47 G HsL BABIATHE). meyd FRAS B
GenBankoll Al W] #b& f7x1e] 47183} Bl B33
ABTE MEGA 4.0 AR&31] Neighbor-Joining method2 2}
A8ATH(18).

Zn o o1&

£2| 5 XM 168 rRNA REX 24

5ot SEsol ZRUDAY] ok Al7]el AT Al
BollA 548 ANk GxATE B A9, g s e
DC-2, 895 54E YD-1, YD-6, YDS2-3S © 2H2 £
stk 16S RNA %A 4 A3} DC-2, YD-1, YD-62
Microcystis aeruginosa®} G714 Fo] dXjsl= Ao Z et
(Table 2 and Fig. 1). DC-28} YD-1-& G471 Qe Ax&FH o,

Narme Sequence Target gene Size of amplicon (bp) Reference
16SCF GGCAGCAGIGGGGAATTTTC This study
16S 1RNA 433
Cya-R783 GACTACWGGGGTATCTAATCCCW 23
mcyA-Cd 1F AAAAGIGITTTATTAGCGGCTCAT
mcyA 291~297 8
mcyA-Cd IR AAAATTAAAAGCCGTATCAAA

Table 2. Phylogenetic relationship of cyanobacteria isolated from lakes based on 16S rRNA gene sequences (GenBank accession no. for the closest

relatives are given in parentheses)

Strains Nearest phylogenetic relative Similarity
DC-2 Microcystis aeruginosa NC7 (AB035549) 1.000
YD-1 Microcystis aeruginosa NC7 (AB035549) 1.000
YD-6 Microcystis aeruginosa LMECYA 7 (EU(078485) 1.000

YDS2-3 Synechococcus sp. PS721 (AF216954) 0.986
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Nostoc punctiforme PCC731027 (AF027655)

Anabaena cylindrica NIES19T (AF091150)

Aphanizomenon flos-aquae PCC79057 (AY038035)
Nodularia spumigena PCC731041 (AB039002)
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59

Chlorogloeopsis fritschii PCC6912T (AB093489)

Chroococcidiopsis thermalis PCC 72037 (AB039005)
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501 Microcystis aeruginosa PCCT7941 (AJ133171)

Prochlorococcus marinus PCC 95117 (AF180967)
99 1 Microcystis elabens NIES42 (AB001724)
100 _——i— Microcystis holsatica NIES43 (D89036)
YDS2-3
Synechococcus sp. PS721 (AF216954)
uncultured bacterium OC13 (AY930443)

uncultured cyanobacterium 0TU34C148 (AM259252)

Cyanobium sp. JJ19B5 (AM710354)

Fig. 1. Phylogenetic position of the isolated cyanobactreria based on 16S rRNA gene sequences, which were constructed in MEGA4. The

evolutionary history was inferred using the Neighbor-Joining method.
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86! Anabaena sp. 90 (AJ536156)
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Planktothrix agardhii (AJ441056) /

Fig. 2. Neighbor-joining tree displaying the relationship of partial mcyA sequences of known and isolated cyanobacteria, which were constructed

in MEGA4.
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o} A7IMYo] Microcystis aeruginosalX VA= mcyAS} i
- 2T Ao JehgthFig. 4).

HA4E A8 BFE clone 657] % DCCS08-19F E7)4
A} dX3R= Ao] 2070(30.8%)°) 2L DCCS08-28F YR8k A

< 2970 @.6%)e1ReH, YA 16e 4z e AVINES
Yepidot. 935 Al89] 9ol YDYP08-19+ |A71Ax€e]
2o Aol AAL 79.7%((5170/6471)S ZHASHN .2 H, YDYP0S-6
< AAY 7.8%GN64NRIRL, YHAE 44 tE d7Ix e
< Yeild A3 sy §HEoA dREEES AXse
DCCS08-13}+ DCCS08-27} Z+zd YDYP0S-1, YDYP08-63 A2
E71Eo] dABATE WAL} BETIt ABF LR "HolH
BT A3 moys AP 2L AL F 3547 2L
A &317] Wi Ao wudn)

AZA 59} F28 2T moA T3 @7 ES vl
3 A3 DS-29] 4% DCCS08-1/YDYP0S-13 Y X]&}goH,
YD-69] 7-$- DCCS08-329} L31dt. YD-13 YDS2-39] 74
S AR EAAN EXE moyd TR A3k Ae] gt
ol YD-13} YDS2-39 moyA SR} s et £95d &
< T2 EAEA, A 7Y FHAE B4 £ AelM A
Zo] HA &2 oz wadr A%t YD-13} YDS2-39]

Table 3. The nearest relatives of mcyA gene sequences of isolated cyanobacteria (GenBank accession no. for the closest relatives are given in

parentheses)
Strains Nearest relative Similarity
DC-2 Microcystis aeruginosa PCC 7806 (AM778952) 0.995
YD-1 Microcystis aeruginosa UV027 (AF458094) 0.987
YD-6 Microcystis cf. aeruginosa PCC7941 (AJ515460) 0.991
YDS2-3 Microcystis cf. aeruginosa NIES-89 (AJ515459) 0.995
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Fig. 3. Distribution and frequency of groups from partial mcyA gene clone libraries from Daechung and Yongdam Reservoirs.
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meyA-Cd 1F/meyA-Cd 1RS microcystin® A§NERE Microcystis,
Anabaena L Planktothrix®] mcyA & condensation domaing o

Ao g AAE primer® o] AFAE 3 dE AARFHI
ATHIS, 16). MicrocystisE meyA-Cd 1F/meyA-Cd 1RE 23]

I A A7) wEolth(14). B ATellA®E, f 47<M YRB  FHS o WAl AFE-E 291 E= 297 bpolH, 297 bpe] A
< B8 Al 9oy, DC2%t YD-12] % 168 rRNA &+ % 6 bp (TTTGCG, 2 amino acids)7} AUE Zolth(Fig. 2 and
At ‘g 7B ZAT mevA AR 0:37 Age ME o 8). EA/RA GHF A7 LE] EH Anabaena, Planktothrix,
& JoE yshyitt, Nostoc® 25 297 bp?] A& WETHS, 8). ¥ Aol 284
Table 4. Comparison of the sequences of meyA-Cd 1F/meyA-Cd 1R primers and known meyA sequences of cyanobacteria

Strains (GenBank Accession No.) mcyA-Cd 1F meyA-Cd IR

mcyA-Cd 1F/mcyA-Cd 1R

AAAAGTGTTTTATTAGCGGCTCAT  TTTGATACGGCTTTTAATTTT

Microcystis
Microcystis
Microcystis
Microcystis
Microcystis
Microcystis

¢f. aeruginosa NIES-89 (AJ515459)
¢f aeruginosa PCC7941 (AJ515460)
aeruginosa NIES-843 (NC010296)
aeruginosa UV(27 (AF458094)
aeruginosa PCC 7806 (AF183408)
aeruginosa (AB019578)

Anabaena cf. flos-aguae NIVA-CYA83 (AJ515466)
Anabaena sp. 90 (AJ536156)

Anabaena sp. 66A (AJ515462)

Anabaena sp. 66B (AJ515463)

Planktothrix agardhii (AJ441056)
Planktothrix sp. PCC7821 (AJ515473)
Nostoc sp. 152 (AJ515475)

T————A—G TG T———T—
T-———A—G ToGr—T——=T—-
T-———6—G T—G—T——-T—
T———G—G T—G—T-——T—
T——G—G T—G=T——=T—~
T——G—C TGTmmm T
T———A—G T=—G—T————T—-
T-——A—G G—T--G-———~C—
G——A—G e
G——A—G T=G—T-————T-—=
T-———A-~G T==G=T-—=T-==
T———A—G L e
T———A—G T—G—T———T—
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- YDYP0S-33
- DCCS08-38
. DCCS08-32
DCCS08-42
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Nostoc sp. 152 (AJ515475)
1 ——?’?_F Anabaena cf. flos-aguae NIVA-CY A83 (AJ515466)

79 Anabaena sp. 90 (AJ536156)
Planktothrix agardhii (AJ441056)

—
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Fig. 4. Neighbor-joining tree displaying the relationship of partial
mcyA sequences from two reservoirs, which were constructed in
MEGAA4.
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ABSTRACT: Isolation of Cyanobacteria Producing Microcystin from Lakes
Hee Seon Lee', Kyoung-Hee Oh**, and Young-Cheol Cho'* (‘Department of Environmental
Engineering, Chungbuk National University, Cheongju 361-763, Republic of Korea,
*Biotechnology Research Institute, Chungbuk National University, Cheongju 361-763, Repub-
lic of Korea, *School of Biological Sciences, Seoul National University, Seoul 151-749, Repub-

lic of Korea)

Four potential microcystin-producing cyanobacteria were isolated from large reservoirs which act as sources of
drinking water supply in Korea. Strain DC-2, YD-1, and YD-6 were closely related to Microcystis aeruginosa
based on the analysis of 16S rRNA gene and mcyA gene sequences. mcyA gene sequence of YDS2-3, isolated
from Yongdam Reservoir, was closed to that of M. aeruginosa, whereas 16S rRNA gene sequence was not
related to the known sequences of microcystin-producing cyanobacteria indicating this strain can be a novel
cyanobacterium belonging to the genus Microcystis. When mcyA gene sequences of isolated cyanobacteria were
compared with the mcyA gene sequence library of two reservoirs, the sequence of DC-2 matched with the dom-

inant ones.



