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We performed a comparative analysis using a Real-time PCR (Polymerase Chain Reaction) and
LC/MS (Liquid-Chromatograph/Mass Spectrometer) method in order to detect microcystin in envi-
ronmental sources. Among the three different primer sets tested for microcystin using three positive
strains of Microcystis aeruginosa by Real-time PCR assay, only TOX2P/TOX2M primer pairs were able
to detect Micracystis aeruginosa. According to the results of a survey carried out from June 2009 to
September 2009, 11 out of 11 (100%) raw water samples were were found to have microcystin when
the Real-Time PCR and LC/MS method was used, with total microcystin concentration ranging from
5.98~219.0 ug/l. A microcystin removal treatment process was used to ensure entire removal, by pass-
ing it through a BAC filtration step. It was concluded that real-time PCR assay can be used to esti-
mate micrucystin detection more rapidly and easily than the LC/MS method.
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St 243 ggS AME WtEA] g, E2 ¢k 30 pmol photon m?s™¢] 2% 9} 25+1°C] L5 0] A]
B ATE moygened target® Z St primerE A OE CB Hj A2 A&35te] A AT}
A 7Hg Bel A AL Sl PCRY Bk JEE Woly
T A= o} AL 7} §le Real-Time PCRYH S o] & HEAE B Hr3addE A=
ate] WA vlo]AZAIAE AR S FHata ob& e vlo AFAEQ BT FE2F F3@do] A 20099 6
ﬂi/‘]* E-Zr’\]f’m“ﬂ LC/MSH % sAd (3 Lo A 9 Atolell FARA] A4l =5 - wig] A A
) ArAE 3AE ASE WHOR vlo]AZA2H £ AAZ AEA0 )E, A 388 AE5¢ )e 59 - it
% AAsta 2 @é‘ﬂ W vl grbetaat &tk s o2 33 A3t 283 dxF F 582
=¥ 1|7 (Zeiss Axiovert 135M, Germany) 400~1,0004] ol A]
ANz oS At GRlgHAa FE2F FAlE FRFE Aol FARE
Falcon tube (USA)d| Hol ¥4 wj7}A] 4°Coll EA3IHTH
EEDF H Y
AP AME 2 Fe AR TSAdTd A=Al LC/MSH
Ejol A F4u 3709 Micracystis aeruginosa (AG30001, nlo] A2 A|2~E E4S 93 LC/MSHS S35 73
AG30082, AG30083) 755 &3ttt A43< sl &+ S AAE TAZ(Fig 1) AA, €5 21893 $57 22 AA

| sample |

rate

o v ]
Lyophilzed cells
*5% AcOH 20 ml, 30 min, three times
«Centrifuge at 1,600% g, 10 min
*Supernatant filter through GF/C
L | Purification and Elution | |
+C1 Cartridge Activation by 100% MeOH(10mi)
-Wash Cis Cartridge by DW(10mli)
-Pass Cis Cartridge with sample
-Wash Cis Cartridge by 20% MeOH(10ml)
-Evaporate to dryness of Cis Cartridge
+Elute with 100% MeOH(10mI)
A4
| Concentration |
-Resuspended with MeOH(1mI)
-Sonication
| AnalysisiLo/ms) |
LC/MS ananysis condition
Column XTerra C18, 35 m, 2.1x150 mm
Mobie |A line : 0.1% FA in Water, B line : 0.1% FA in MeOH
Flow

0.2 ml/min

Detector

MS detector

Fig. 1. Detection procedure of microcystin in environmental water samples by LC/MS assay.
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wiok 2 Aol M AT FE2F A 52 DNAE Quigen
kit (QlAamp DNA mini kit)E ©]-&3to FZ3tAth ©A
okl Al g 1 mlE ATL Buffer 180 pl¢} Proteinase K (20
mg/ml) 20 W& ¥ F 42 F 56°CoAlA 147 o]/ §HE-A]
At W $ 7t tubeoﬂ 200 pl AL bufferE *7}ste] 1527
7"‘“‘%74] &3} (vortexing) 3k 70°C, 1087 ¥H-EAI AT WF

& % 200 pl ethanol (100%)E %1 15% H % invertings}<]
QIAamp spin column®]l ¥4 8,000 rpm, 5%+ YA Ee]519
u} of7]0] 500 ul AW 18 Wi 2 2102 A4 &

3 ThA] 500 1l AW 25 2713He] 14,000 rpm, 327+ QA1R
sl Al H skt o 7]9) AE buffer 200 plE Yo 587 ¥H&-

Zgo

AlZ1 % 8,000 rpm, 148-7F A EE S $ o] & PCRY
Z ARkt
SEFLAHS(PCR)
HEF 54 vholAZA LY HEE AT 3579 primer
[¢]

+ microcystin genomes 50|32 HET F e H7IA
A2 A 23 cH(Table 1). PCR 8-S % 100 pl [DNA
template, 10x PCR buffer, Zt7}+9] -F, -R primer (50 pmol/yl),
5U/ul Taq polymerase (Takarar}), HOJ¢] ¥ =% o PCR

B T

PCRE 95°Coll A 3% &9t predenaturationd A3 5
95°Cal A1 30, 66°Col Al 30, 72°Cel A 13 3024 30 cycles
< wEEa, 72°Col A 108 =<t final extensiong 2 A 8]
PCR 2H=2 A0tk PCR /& A3 AT AHES 15% agar-
ose geloll A7]19F stof Z+74e] PCR AH2 9] @4 #75 &
e

Real-Time PCR
71E9 PCR WY& S& &

B AN o472 oA Elete 5
e @ilol ok o
Oz E nfo] 2 A 2" A
@5 = Real-Time PCRY
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Real-Time PCR ¥H&-%2 F 20 ul [DNA template, probe
master, Zt7}+9] -F, -R primer (10 nmol/ul), HOlo] H =%
ate] W8-S 4351t} Real-Time PCR-ES RocheAle] Light
Cycler 480 Real-Time PCR 71715 AM8-3l¢l o whg-271E
PCR¥} 5 YstA F33tAth

Z

F59 primer —% o] §-3}4 Elﬂ?*ﬂué%fi} T4 AEA
A A B2 359 Micracystis acruginosa w55
%30 & Real-Time PCR %5 AAISt5t 33 #4138 23
TOX2P/TOX2M primer& ©]-&8 37§ 9] o Aut 2=
9} 350 bp9] PCR AHE o] FAH N2, U= 2709] primer
dre HEHA FUth

plo] AR A 2R Y] o Bofshs 7 FAX mgB #
Z A= adenylation, thiolation ¥ condensation domaing 7}
Zt R Z3ske 2709 module® /45 o] SITH11]. oW
ATte] AHE-E TOX2P/TOX2M primer’%}% moyB A9
adenylation domaing 5°]& o2 FZA|7]7] f3) ML=
2 H[1], Pan 52 TOX2P/TOX2M¢l| 2]t PCRH S mlo]a =
A& A dFE ¢ A&eta adde s 42T 5 3l
= &3 WHYS ol S vl 6] wWekA TOX2P/
TOX2M primer= o o] AEsla7} 3t G257 54
rto] AR A~ ti g vt Hold Aoz 2AE 7ol
FEANN Frdr@ESMNES AFAE 3E ANRE 2
2 WHOZ Real-Time PCRYS AA5te AEHEE 8l
3

Atk

YTHUTESST) DI0|AZAAE AIY

20099 6~99 Ateolo] H2F F3q o] T =5, o
g AH XFFE WY 22 Real-Time PCRH I LC/MSH S
oj&ste] A AP AASAT MA HFe ARES

Zote] SHAN AN FAT A WA FxFe BT
Micraystis spp. 422 A=A AEE AA T ¢ & HA

TOX2P/TOX2M primer*$-& ©]&-¢+ Real-Time PCRH S 4
Aletsled 2 A3 ¥ 73] 1) AR BFolA 40 AEH

Table 1. The PCR Primer sequences for detection of cyanobacterial microcystin

Primer Oligonucleotide sequence (5—3") Tm Amplification region (bp)
16SCF GGCAGCAGTGGGGAATTTTC 58 133
Cya-R783 GACTACGGGGGTATCTAATCCCG
meyA-Cd 1F AAAAGTGTTTTATTAGCGGCTCAT 54 297
meyA-Cd 1R AAAATTAAAAGCCGTATCAAA
TOX2P GGAACAAGTTGCACAGAATCCGC 63 350

TOX2M

CCAATCCCTATCTAAACACAGTAACTCGG
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2 L?E}”EHZ] LC/MS o] 9 A8 AFE Real-Time PCR

W} vl A7IA 2 BE A RN 540] P e (Table

3) BEE 598~2190 pg/l W2 ZAME AT ]@ﬁih
23 AHo] iz AMnT, A7EE 9o 62RT 5

b =4 AEHU

e 3YY O0[0|IZAIAE AJE
A45AE 24 AP 20009 6217994 6219877
33 AAT WA LC/MCH ol 93 A g A= Fig. 29}

2ot gy dege] B xFTolA 598~2190 ng/l v=5
HQl vpolazA Rl A fAdHE d@adA B
045 ng/l, ALEo A Ht 0.35 ng/l, AHd el A H1t 0.30
A

&
o

ug/l TERE A ™ BAC ol3} o] RE = HEHA
gkt 22y 64 199 A AR = Abe -rEi U}Ol
AN EE] HEHA S Ao ARG 1559 F

=7F619~1240 ng/1 #E5 B3 94 Xé—?%u Ch E}Ué
A Ao v 3T 1ol BAC 9% Olff‘ﬂEi mte]
ARNEER2 HEHA 42 A

o Aol frdE vhol AR
ol B 96% :LE]J_ FoE A

Table 2. Comparison of microcystin results by Real-Time PCR and LC/MS method

Sampling time Sampline sites Real-Time PCR LC/MS
(day/month/year) pPing (Detection time: 1~2day) (Detection time: 7~10day)

12/06/2009 Mulgum 9.62 ng/1

14/06/2009 Mulgum + 8.40 ng/l

Mulgum + 8.11 ng/l

17/06/2009 ok 8/

Maeri + 1240 pg/l

Mulgum + 15.67 ug/1

18/06,/2009 81 8/

Maeri + 10.52 pg/1

Mulgum + 5.98 ng/l1

19/06,/2009 e 8/

Maeri + 6.19 pg/1

07/09/2009 Mulgum + 324 pg/l

Mulgum + 219.0 g/l

11/09/2009 ok 8/

Maeri + 83.8 ug/l

HM water plant DS water plant

617

MC(ug/L)
=

5T 519

10 4+ 517

MC(ug/L)

Fig. 2. Detection of microcystin from each step of water treatment process using biological activated carbons by LC/MS based
method (Step 1 is a water sample from raw water tank. Step 2 from pre-Cl, contactor. Step 3 from pre-Os contactor. Step
4 from filtered water tank. Step 5 BAC effluent. Step 6 from Treated water). HM: Hoamyung, DS: Duksan
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Table 3. Detection of microcystin from each step of water treatment process using biological activated carbons by Real-Time PCR

method
Sampling time Pre Cl, Pre O; Sedimentation basin BAC effluent Treated water
(day/month/year) HM DS HM DS HM DS HM DS HM DS
17/06/2009 + + + + - - - -
18/06/2009 + + + + - - - -
19/06/2009 + + + + - - - -

+: Detected, -: Not Detected, HM: Hoamyung, DS: Duksan
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T3t 35F Y primer’dS o] &3t 3F 9 Micracystis aeruginosa T TFE U422 Real-Time PCRE &
AAS A3 TOX2P/TOX2M primerE ©] &8+ ol X5k nlo] A2 A] 2~ € o] AZH At} 2009 6~9€ Aol
F2F7} s A5U5 A 22 JYE Real-Time PCRYF 71E29 LC/MSH o2 433 A3} 117) A8 ZF
oA wlo]la A A"l AZSHN, FEE 598~219.0 ng/l BHZ ZAME AL FFHe FHE A e
BAC o3} @A oA vlo]a 2| 2Blo] &3] AASE A2 Yelsth 43847 Real-Time PCRY-E 7|&
FEFAFUQ LC/MSH Bop BAAIZRS Bol G2A7]& 202 vt 32l rlo| 22 A28 A&

il
4
.
3
o



