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2 o olUEXA-ar= Anabaena, Aphanizomenon, Oscillatoria 52 BZFolA A E = AASLZE 7
3 248 ettt o 9HE 59 340X HE Anabaena®l 23 3184} o] Sojuta ¢
Az Ardae] gRE 95t ohbEAl-ad] wgHEA o] Ha gt AAolty. & AFois ofbEAl-aE
734FE3E 5 4-fluoro-7-nitro-2,1,3-benzoxadiazole (NBD-F)Z 8% F=A3MAA 2 sHAIZrtEL
222837 % 7] (HPLC-FLD)Z £ttt AlFWH validation 23 244, 3)4&, AdAA 25
=2 7kS Jehlen, BPEAZ A (MDL)S 2] A5 79 0.034 ng/g, = A8 S 0.022 pg/
LZ vud £ 72A5E 48 = Atk 1 AsE, 9M3 2 Az 2FH S A9 & A5

i

Al ol EAlLa0] FEE B8 A3} 24 AlBolAME 0.135~10979 pg/gll FEE HEHILH, B A
BollME AEHA St

Abstract: Anatoxin-a is a cyanobacterial neurotoxin with a high toxicity produced by Anabaena, Aphanizomenon
and Oscillatoria. Water bloom, formed by Anabaena has been occurring frequently in Lake Yeongchun. It is need
to develop a sensitive method for determination of anatoxin-a to control potential hazard in raw water resources.

O

In this study, we developed a highly sensitive analytical method of anatoxin-a using solid phase extraction (SPE)
and high performance liquid chromatography (HPLC) with fluorescence detection. Anatoxin-a was converted into
a highly fluorescent derivative using 4-fuoro-7-nitro-2,1,3-benzoxadiazole (NBF-F). The method was evaluated
in terms of linearity of calibration curve, recovery and repeatability, and the adequate values were obtained. The
method detection limit was 0.034 pg/g and 0.022 pg/L for algal and water samples, respectively. The concentrations
of anatoxin-a were measured in algal and water samples from Lake Andong, Yeongchun and Daechung and ranged
from 0.135 pg/g to 10.979 pg/g in algal samples and not detected in water samples.
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blooming)®] W1 3}A &
|53 e Sa0A FE2FY RS T2
B Ao sk U= Aol HYE sk, I
dxHRE SAEAS A
b 9 o 7ke] AFFe) Alzkek
18709t ZFNAM Nodularia®] €3+ 7= d&)|7} F
ZE BAE o= v, Ay, G5, 48 5 o
vl A f-5 Fxfel o3t &9 Fa|rF Halx i
At EAE WASIE FL GEFEE Anabaena,
Microcystis, Aphanizomenon, Nodularia 5-°] 2.9, ©]
9 9J&) AitEE Hahe TA 1S4 (hepatotoxin)
9} A7 & A (neurotoxin)® U 4= Ut S4AE A
ke B2 oA 7P gl EEx F< Microcystis
aeruginosa’= =T 2] )FE SAX % Al $HF
o2 YeERI )21, microcystin®]2He thE Al 7F
55 A (hepatotoxin) S AY AFSHT}. 217 & 4x(neurotoxin)
2+ anatoxin-a, anatoxin-a(s), saxitoxin 5°] 2™
Anabaena, Aphanizomenon, Oscillatoria 5 <3 A
AEl= Aoz AR Qo2

F2F SAEL dg dFe 5, 48, VS
SO ARSoA Rk opgt ol A ]
g=jo] 98B FAFME A FRFo T
& FHas}tslr] flete] Fo Al el 2R/
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A BAS AEEIL o™, microcysting AL E 3
GE2F 549 #7t o]FofRX AL At AT 2

IR T S E= Microcystis ©1219l Anabaena?t -7
g Ft ol A AU T Frdae]
ﬂi-e‘ ate] ohpEAl-a0] WREA] B Aelt Z e
A o)t} ?
0]-‘4-5}\ -ax= Anabaena, Aphanizomenon, Oscillatoria
59 gxRFAAN A EE AHELZ 5 A
ARG AR o e 2 55 Walah Agh
=48 YEFATHLD; i.p. mouse 200 pg/kg). oFL5E
2l-a(2-acetyl-9-azabicyclo[4.2.1jnon-2-ene)= Y] 2%
E2&Fo] 22 bicyclic secondary amine 3}3HE o],
pKa & 9602 37 FollMe F2 Fol29] e
= %_;(H{sl_;]..ll olUEAaE YEXH 54 2 11 X
7b A HE e A, ekew AR ntE 2E Z(TLC),
21814 /7kA133 & 71(UVD)EE 337 % 7](FLD)
£ o] &3t AT AAIZRETH ZHPLC) > 7]A

r°1‘

oA - 53 - ol H

CH
NH 3 =N,
\ + -~ /0 —_—
N
NO,
Anatoxin-a NBD-F NBD-Anatoxin-a

Fig. 1. Structural formula of anatoxin-a and reaction scheme
for the fluorimetric derivatization of anatoxin-a with
NBD-F.

ARAE I Z(GO)} VA AR ED EHE A
71(GC-MS),** o A aiu}z:ﬂ}
MS)IO 12 %.g_, o]-g3l t}okdl 24
th ol W FolA ohEAN-aE I TAAAZA
Eof =837 % 7] (HPLC- FLD)L} CZ
eiM e FreAlst 4ol dasiH, 2 9

ANE ZEE BolA Wajgdte] 22 52 9
A oSt fEA 3 WSS o] &5l AR Uy

X% o]r)r59ll

ol EAl-aE #4358 7R WHE FollA 4-
fuoro-7-nitro-2,1,3-benzoxadiazole (NBD-F)Z &3 &
S A 3lA|A HPLC-FLDZ %43l whe TLCu
HPLC-UV 418l v8] Z=7F $31, MSAZE7]
E AR A SO HlE) 7171 A 7 ¥l 2
1, v]g-o] AA E3, A8 & 2AlstE T2
150l oJgh W & 37F Ao n#g7kA] £40] 7t
tTh. NBD-F& ofv]i=4itolut ofvlfF &
o o) FF HES A% F=A A
ol g5 =, ofu&E4l-a9t WhS-3o
NBD-o} 52128 A
o] 7ks3lth(Fig. 1).
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21. AleF & 7|1

ofpEAl-a EFEZS TocrisAl (Bristol, UK)2
(¥)anatoxin-a fumarate A| &g Y 3te] AHE-3HA oM,
FFH=A st Akl NBD-F= SigmaXl (St. Louis,
MO, USA)¢] A|FS ARt mlee3t oA EY
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EZLS MerckAl (Darmstadt, Germany)2] Z+-F5F &
28 AleF 2 I T. Baker (NJ, USA)AFS] HPLC 5+
AloFS o3t o, 1 9] A2 Sigmarl (St. Louis,
MO, USA)9| Jie Alokg ARG8T 2 34
(SPE)l AM&3F WCX (500 mg, 6 mL) 7FE =] X2}
vacuum manifoldi= SupelcoAl (Bellefonte, PA, USA)<]
AFE o] &8tk A 72 52 918 ZymarkAHe]
TurboVap LV ALEF7]E AHEATh SR
Milli-Q system< F33 3 2} S/HTE o839 H,
Mgl AR BE fol717E AHgE] A 3 %
SRS AR F AZAA AT 2A B2
S 2+ Anabaena flos-aquae(8 =" CCAP), Anabaena
variabillis(d'FH AL S| FATAE) 2 Fo| HE2F o

78 rjsto] AP weFstel AL,

22 AIEJ’KH-’?‘-I

S alasl 142 AN AR AR
A7) Astel EFAE VER 24 AEE A
=

4§72 Azsiel gL, B5ol HoldE

o o3 24 29] oh B 4 227
FHS E35E Aol 2ARA

23. Az HxXe|

231 2 AB

E ANEE 94 F848F9A(grade C, GF/O)E
73 ¥ WCX 6 mL 7FEFAE o] &3 SPER
Ax sttt A3 A8 SPEE AA st A
o] pH 72 @33, WCX 7IEZ A= WehE 6 mL
ot F/F 6 mLE AuAdsiith ArMdE 7
EZA ] AR 10 mLE 5HAA oY EA-aS
ZAZ H WS- FF4(1:1) 3 mLE FHEIAS
Aol FAUth 715 Bol ¥ol 7tEAE 2d v
< 0.2% trifluoroacetic acid(TFA)-m &2 &9 10
mLZ olUEA-aE §FA|A, 40 °ColA TurboVap
LV AA2F57|2 &vlE &3] 99 §H dF7%
A3} W& A FTH(Fig. 2).

Elo(«

232 =X AR

ZA EFZABEE Anabaena ﬂos-aquae, Anabaena
variabillis 2 &2 FZ2F 45 Fulste] AP A
A vl skt BGl ¥R & 4%@04 25 °Cel| A
Bujgst ¥ 4 Axste] B4 o]&aith &

‘ Lyophilized cell(100mg) ‘

I}

| Extraction |

« stirred with MeOH(10mL) containing HCI(1M, 100uL) for 1 hr
« centrifuged at 3200 rpm for 10 min
*repeated twice

| Concentration |

» evaporated at 40°C under N2
* reconstituted with water(2mL)
+adjusted to pH 7 with NaOH(0.1M)

Lake water (100mL) }—>| SPE with WCX cartridge |

« filtered with GF/C
*adjusted topH 7

» cartridge conditioned with MeOH{6mL) and water(6mL)
+sample loaded

+washed with MeOH water(1:1, 3mL)

» air dried

» eluted with MeOH containing 0.2% TFA

| Concentration |

\L + evaporated at 40°C under N2

| Derivatization |

« reconstituted with sodium borate(0.1M, 100uL)
*added NBD-Fin acetonitrile(Img/mL, 50 uL)
+reacted in the dark at room temperature

+added HCI(1M, 50 uL)to terminate the reaction

‘ HPLC-FLD(20 uL) ‘

Fig. 2. Procedure used for extraction of anatoxin-a from algal and water samples.
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Hrh Fol7)E wHESlHA 52 AR 92F A
oF 100 mgoll 1 M HA BT
L9 10mLE 71ste] 1 AIZF B¢ ARl
3200 rpmoA] 158 B ARt FE5AS F
o} Ak o] HHE 2 3] o wHE S} < st
, 40°CollA] TurboVap LV FAFH7]Z2 &Wl&
Q‘rﬂ 3l g¥l § & 2 mLell TA H9H9 O];‘:‘T:‘ & A
§}
=l

EQ} A AA AT A &
7‘131 O]'A)\Tjr(F ig. 2).

2.4. HPLC-FLD
241, 8% REAHS BS

T e AA-YT AEE DA 7)F ol &)
£ 243 Y3 5 0.1 M sodium borate 8- 100 uL
£ 713kt &7]9 ol EYEL] 121 NBD-F &
(1 mg/mL) 50 pLE 7Fk 5§ WS xpehdt 2 A2
oAA 108 7F WESA AT 1 M G4k 50 pLE 73k
HES-S F A7 % 20 uLE HPLCol| FY3le] 4
3 TH(Fig. 2).

242 717| 2MxNA

HPLC A]Z2=¥]-2 Waters 600 Controller, pump, Waters
474 FHFAZ7IE FAHALH, ZHL2 Agilent
XDB-C18 (4.6 x 150 mm x 5)& 0] &3} T}. o] A<
2 oM EYEL-EU0:60, vv)S, 0.8 mL/mind] &2
Z AEsA T B3 E7] = excitation 470 nm,
emission 530 nm2] 7oA AT

3. &dx 3 o

3.1. Method validation

3.1.1. A¥=M

10~200 ng Heel sl oltEAl-a TE2AS
F F=EASA7]3L HPLC] F5te] R3S 24
sholrh WA 2 WA 3304 sk, P
W 0999302 F2 AN AAHFig. 3).

. HIHASES| 2 HZsH|

312 M

WA ESHA(MDL)9F A HEHA(LOQ)E= & A5
1 pglLe] F57t HEE ofEAla XF2N S
Forell "rreta, 2A AR B ofvEAlart
2EEo YA 2 T A" A AR 0.1 pg
g9 FEIt HEE olyEN.a XFENS Hsle] 7+

o)A - A - ol
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Fig. 3. Calibration curve of anatoxin-a by HPLC.

Table 1. Method detection limit (MDL) and limit of quantitation
(LOQ) of the method

Spiked

Type of

matrix conc. MDL LoQ
Water (ng/L) 1.0 7 0.022 0.070
Algae (ug/g) 0.1 7 0.034 0.110

33, LOQE 10 ¢ #e& +¢ A3, MDL
0.022 p o 7

B A &9 A% 0022 pgl, A A8 S 0034
ug/g—i A £ 7A5E 42 F ATk LOQE
N8 A% 0.070 pg/Lelw, A A8 3$-¢

0.110 pg/g® & VEFITH(Table 1).

3 3wg 3 HsY

fi 3 ofE At ERslo] UA W ¥

# A A0 S A% 10 gl | g’}

= ohRalad) HEAE 7He 7 AAY HPL

AR B 2S94 e AR 8

e YRFEAS B A7 FYD FEe| B
Z

o
oo 43S HLse H4aE 2HSAG. 2

Azl s 3 sl 245908, 293 358
Table 2. Recovery and repeatability of anatoxin-a from spiked
samples
Type of Spiked Recovery RSD
matrix conc. (Mean, %) (%)
89.2~91.0
Water 10 (ng/L) 5 90.1) 4.0
85.8~92.8
Algae 1 (ng/g) 5 (88.7) 4.1
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T AN EFZHIHRSDYE Table 20 FERN AT Bt
- Fee B AEY A 90.1%, A A8 AS
. 88.7%%2 H|LH ?—8— AFes de &+ ‘Rigﬂ%, A
e d4E Helll= R ‘% B A5 AE 40, A
- 2 AEO] B 41%=2, Fod A3E A —’F AA Tt
" i 32. AN SAAEO| OLISA-a 24

VO R OR AR SR el TGRSR e T O T m wk ekowe ek w0 1:}-57(]— e ]9] ].Ex%uﬂ?l o= % , {5 Z(j_g_%-l
- (b) ol YT W F7LAL WHIE YAFLE 2008
. d gRRE $HE AN FHOR ARE AH
= shol olbEAlasl B4 AAGROH, B4 2
- 2RI S Fig. 491 eI & Ao E
- £ anatoxin-a’} A& A &3 2‘4— ZA A FEoAM e
- A 0.135~10.979 pg/g®] FE== AE=YoH, 8-9Y

e e e g e 9 As AR HEd Be ER 4299
] (C) t}(Table 3).
- 4.8 E
i oltEA-aE WCX 7MEHAE IFFET H
. j\ NBD-F2 ¥ fr=A3t47 HPLC-FLDZ #4353
A AW, A, ARAE Y Ak B e
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Fig. 4. HPLC Chromatograms of anatoxin-a derivative from (a) € 98 & slxeH, AE A ) ]
standard (20 ng), (b) Anabaena flos-aquae from pure Fo] 4% 0.022 pg/ll, A A Ee] A5 0.034 ug/g
laboratory batch cultures and (c) algal sample from og tl]jﬂ__7 2o e E AL 4 Yok 2 370

Lake Youngchun. HPLC conditions: Agilent XDB-C18 22 gato N = =

column (4.6 x 150 mm, 5 pm); mobile phase, aceto- tdez 20089 HEFIE FAHT AV F

(<3
O

nitrile-water (40:60, v/v); flow rate, 0.8 mL/min; ’H S 2 ANEE AFHSY ofELlaE A% 439 &
fluorescence detection, A,=470 nm, A.,,=530 nm. ABME AR AZE ] BT, EAAZE G2F

Table 3. Concentrations of anatoxin-a in cyanobacterial samples

Concentrations of anatoxin-a

Sampling sites Date Dominant genus
Algae (ng/g)  Water (ug/L)

Lake Andong 06 10 2008 0.135 - Microcystis
07 07 2008 0.324 ND Anabaena
07 14 2008 0.239 ND Microcystis, Anabaena
07 21 2008 0.675 ND Anabaena, Microcystis
08 04 2008 4.362 ND Microcystis
08 11 2008 6.098 ND Microcystis

Lake Youngchun 08 18 2008 5.168 ND Microcystis

08 25 2008 3.586 ND Microcystis, Anabaena, Oscillatoria
09 03 2008 0.535 ND Microcystis, Anabaena, Oscillatoria
09 09 2008 0.244 ND Microcystis, Oscillatoria, Anabaena
09 17 2008 10.979 ND Microcystis, Anabaena, Oscillatoria
09 22 2008 3.100 ND Microcystis, Oscillatoria, Anabaena

*ND : not detected
*— 1 not determined
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Table 3. Continued

Concentrations of anatoxin-a

Sampling sites Date Dominant genus
Algae (ug/g)  Water (ng/L)
Lake Dacchung 06 24 2008 0.787 - Ap.hanizon.wnon, Microcystis, Anabaena
(Chuso) 08 13 2008 1.717 ND ]\ﬁ.crocystl.s, Anaba?na . .
10 15 2008 2.240 ND Microcystis, Aphanizomenon, Oscillatoria
(Hoenam) 08 28 2008 ND ND Oscillatoria, Microcystis, Anabaena
(Jangge) 10 13 2008 1.836 - Microcystis, Aphanizomenon, Anabaena, Oscillatoria
A &M= 0.135~10.979 ng/gl =2 AEHUTH Codd, Toxicon., 30, 1165-1175 (1992).
B AZ7)E o]&3 IAFTAAN IR EY I HLS 5. K. J. James, A. Furey, I. R. Sherlock, M. A. Stack, M.
vl A 71 71&X 7} 72hdsbEA] sk e TF o) A Twohig, F. B. Caudwell and O. M. Skulberg, J. Chro-
H|-8-0 2 n|E7px] £A40] 7ssle] Ade oA matogr. A, 798, 147-157 (1998).
S M3 Y3 GE2F B4 A 5o 7|9 E 6. S. Rellan, J. Osswald, V. Vasconcelos and A, G. Mar-
2oz 7igEc) tinez, J. Chromatogr. A, 1156, 134-140 (2007).
7. K. J. James, L. R. Sherlock and M. A. Stack, Toxicon.,
235 35, 963-971 (1997).
8. D. K. Stevens and R. 1. Krieger, J. Anal. Toxicol., 12,
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