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—Abstact—

The sample were obtained in July and August 1996 from fresh bloom materials composed
predominantly of Microcystis spp. The bule-green algae samples was identified to be a Microcystis
aeruginosa. The algae samples were harvested, lyophilized, and purification of the microcystin-type
toxin were carried out by using Ultrogel AcA 202 column (elution solvent : 20% methanol, flow
rate - 0.6ml/min, detector wavelength : 238nm)LC. Qualitative analysis was detected to be a mi-
crocystin-type toxin. A peak shape and elution time of amino acid analyzer chromatogram of a
purified material were identical to those of physiological fluid standard. The amino acid analysis
of the physiological fluid standard and the purified field sample did exhibit five amino acid in
common, and the same elution time. Presumably, the toxin was identified to be a microcystin-LR
type toxin, closely related to microcystin-LR. LC;, value of the microcystin-LR type toxin was in
the range from 04 to 0.8mg dry weight/ml by human lymphoblast NC-37 cell toxicity test. To
investigate genomic change in c-myc gene by a hepatotoxin microcystin-LR, human lymphoblast
NC-37 cells exposed with microcystin (0.8mg dried cell/ml) was evaluated by the methods of
quantitative polymerase chain reaction. When the DNA isolated from NC-37 cells exposed to 0.8mg
dried cell/ml of microcystin were amplified by polymerase chain reaction using a primer containing
c-myc exon II, the resulting DNA was appeared to be decrease in microcystin treated cells than
in the microcystin untreated control groups. However, the RNA expression in Northern blot hy-
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bridization was identical in the control, microcystin treated cells. These results indicate that mi

crocystin induces changes in the exon II in human c-myc gene, may lead to a transformation

of the cell.

* Key Words : Microcystis aeruginoss, Microcystin-LR, c-myc, polymerase chain reaction

N B

AT G2FE FE 290] A3 Hdd AA
ARoz EEHo] glon, oo BE EAE do
713 QATHW B3] nejakslr} FgHo] glof &
Zo Ak, 19 22 FGUYAFY TR 2 F
AdA &7t 58 oFHd HRFe FHI
scume AT GEA Yo o5 A12EQ
He ol B3 g7 YAE FEAIIL 3
o A7HA 8 F= SHEDE AL 9lo]
FANN GZ2F Wae FE4F2 AHeste B
HE BAA g2 39 22 REGstd sk o
U 320X E MicocystisZ o) 28 317 R E 1

Ah® 1870 o) 5F A Nodularia®) 215 %%9]
HAbel QF BTV E Ao ol A, g
dE 5 B2 A £5 F2F7Y T8l 475}
529 a7t Baga JuP 1 FelME 53
299 A F2 F3E ST Micogy-
stisol 3 F4 54 Fa7t o] a1 glon

I Y9 B4 B4 microcystin®] &2 s #4¢

HEol =2 Y Hrp A

GdzfE Adste 4 SAEEL IA 4%
=X &4 (neurotoxic alkaloids)® 7H4EAE 2 (he-
patotoxin peptide) 2 EFHTHED o] F6]A hepa
totoxin peptide® I T2 wWe} nodularin® mic-
rocystin® 2 Yol 2Tk, Nodularia® }3) AJ4ts]
£ nodularin® 5718 ojn|i=ito] HEto)E AR
FARE® 1 F24 B 109 7HA 8 EFATEY
Microcystin #2F&o] 952-1067 dalton®] heptape-
ptide2A] 770 ¢] ofulizito] APl TL2] & o] £
FAHEY, o] F 5719 ofn|=ite FFolH, U
2] 270¢] L-amino acid®] Z3ol we}

p

z

oloubg} 50 7}A¢] microcystin®] BAZIA &
A}E o g}q_.5,13,1821,30) I ZEA F2E D-alanine
(Ala), 7-linked D-glutamic acid(Glu), Alinked D-
erythro-A-methyl-D-aspartic acid (A-Me-Asp), N-me
thyldehydroalanine (Mdha) % EtAUAF 2072
20]7 o}n) Akl 3-amino-9-methoxy-10-phemyl-2,
6, 8trimethyl4, 6-decadien acid(Adda)e] 5%

T4 ol =g FF FA 02 JEA AL 9, A2l

o3 Walsle 5«] L-amino acid(R1R2)¢] % 7

A9 ojmlzates olFold @4 Aeololtt
(Fig D
S9BAL YUHE YEF 3 1R ER 2

l' UL

b M.

ol

M. aeruginosa)©] 1L,
E4E4E As.

fast death factor®! mi-

Microcystis aeruginosa(©
o] 654-19400 HAY
3] 1.3/ AE F0|

Jlm Mz rlo

o
i

i

crocysting A= ska, & ) o] Ake] cyclic
polypeptide -2 2 o] Fof 1679 opvits

e EAEAL AR TGP o]HE mic-
rocysting A3
Anabaena flos-aquae, Oscillatoria agardhis, Nostoc sp.
Zo| 9]t} BB23 Nodularin® microcystine protein
phosphatase 1, 24 9 &5& AHAAN TEE
WATE Ao A UTHBRIEN Hdz X
AV 9HE-9) microcysting B4 T 1247
o] Zom, o] A7k Bt H AFE T TFE
) 279] 4-6% )4, microcysting &3 A1
Ao 7+ 2% 10% A= F7HATS2% Hepato-
toxin®] EAAEE AEd et BE2AT micro-
cystin? nodularin®} LDs, ©1 22 50-600 1/kg®
50-2000/kg® 2 ZAFE O] Tk SR F7F A4
3= neurotoxin®l = Aphanizomenon flos-aquae=-5-Fl
AAEE aphantotoxin  (saxitoxin, neosaxitoxin),

= 1=
u}_'ﬂ_\.

Microcystis  viridss,



357 &

Anabaena flos-aquae25-F W} 2= anatoxin-a$} ana-
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chromatography® & 23 peakE Uehlle &
JE& Ao

. Amino acid analyzerZ AH$-3F microcystin-type

ZA)

ok

9 SHE89 ofrlwit

A9 ExEAe

o' ET
=k

d= A4 £4E 29

microcystin-LR type2 2 ZA}

Q

98 23 LC,uo) 04-08mg dry weight/ml 2
YEbstth

. 08mg dried cell/mlE%9 microcysting Fof 3

NC-37A XA B2 3 DNAZ c-mycS X33te
primerg AHEStY FHELS AT FFR
iMes FE}FE W FF4E°] microcys-
ting FoA &2 Az W As A
23U cmycd] HE A= AATH FoTY
G A HEe Holg FAY F St

=g T

ol 4] ZnEM FEZY FZFE Microcystis

aeruginosa °|™ microcystin-LRE A3 AM 7
o} NC-37 Ml Z ) A LCyy 04-0.8mg dry weight/mi2]
E4& BAT microcystinLRol &8 NC-3741 £ 9

cmyc A7 W7t YSS Esith
TR

1L EA, G574 9E2FIF Aitsle 5A4E
Ao B A4, AWEE oish A=,
1996

2.8 & ATFFEREZ, AE, ol uME,
1993

3. 8185, Benzo(a)pyrene EAdo] o3t Apgt

4.

d
Al

ol AE(NC-399 cmyc H3A W3} 14l
tftal tish MAREE, 1994

BEWRLE | BARKEREE, HE, AEEEE,
1981

5.

10.

11

13.

14.

15,

16.

Azevedo SMFO, Evans WR, Carmichae] WW,
Namikoshi M : First report. of microcystins from
a Brazilian isolate of the cyanobacterium Micro-
cystis aeruginosa. J Appl Phycol 6 ¢ 261-265, 1994
Bishop CT, Anet EFL, Gorham PR * Isolation and
identification of the fast death factor in Microcystss
aeruginosa NRC-1. Can J Biochem Physiol 37 :
453-471, 1959

. Blin N, Stafford DW A general method for iso-

lation of high molecular weight DNA from eu-
karyotes. Nucleic Acid Res 3+ 2303-2308, 1976

. Carmichael WW  Toxins of freshwater aigae, In

ATTu(ed), New York, Marcel Dekker, 1988,
121-147

. Carmichael WW, Saffermann RS © A status report

on planktonic cyanobacteria (blue green algae)
and their toxins. EPA 600 . 79-92, 1992
Carmichael WW * The toxins of cyanobacteria. Sci
Am 270 : 78-86, 1994

Cho K], Chung IK, Lee JA : Seasonal dynamics
of phytoplankton community in the Nakdong River
Estuary, Korea. Korean ] Phycol 8 @ 15-28, 1993

. Francis G : Poisonous Australian lake. Nature 18

- 11-12, 1878

Harada KI, Ogawa K, Matsuura X, Nagai H,
Murata H, Suzuki M, Itezonmo Y, Nakayama N,
Shiral M, Nakane M - Isolation of the toxic he-
ptapeptide microcystins from an axenic strain of
Microcystis aeruginosa, K-139. Toxicon 29 : 479-
489, 1991

Hermansky SJ, Stohs SJ, Eldeen ZM, Roche VF
! Evaluation of potential chemoprotectants against
microcystin-LR hepatotoxicity in mice. J Appl
Toxicol 11 65-74, 1991

Jinno H, Ando M, Matsui S, Takeda M : Isolation
of toxins from natural blue-green algae and uni-
cellular cultured Microcystis aeruginosa. Env Toxi
Chem 8 : 493498, 1989

Kaya K, Watanabe MM :© Microcystin composition



17.

18.

2L

22.

23.

24.

$E7 G2FoA Microcysting] EAleH A3 54

of an axenic clonal strain of Microcystis viridis and
M. wviridis-containing waterblooms in Japanese
freshwaters. ] Appl Phycol 2 173-178, 1990
Komarek J @A review of waterbloom forming
Micrecystis species with regard to populations from
Japan. Algological studies 64, Suppl. Bd. 92, Archiv
f Hydrobiologie, 1991, 115-127

Kondo F, Tkai Y, Oka H, Okumura M, Ishikawa
N, Harada KI, Matsuura K, Murata H, Suzuki
M | Formation, characterization, and toxicity of
the glutathione and cysteine conjugates of toxic
heptapeptide microcystins. Chem Res Toxicol 5
. 591-596, 1992

. Krishnamurthy TL, Szafraniec DF, Hunt J, Sha-

banowitz JRY, Hauer CR, Chrmichael WW, Sku-
iberg O, Codd GA, Missler S Structural chara-
cterization of toxic cyclic peptides from blue green
algae by tendom mass spectrometry. Proc Natl
Acid Sci US.A 86 : 770-774,1989

. Kungsuwan A, Noguchi T, Matsunaga S, Watanabe

MF, Watanabe S, Hashimoto K . Properties of two
toxins isolated from the blue green algae Mic-
rocystis aeruginosa. Toxicon 26 - 199-225, 1988
Lanaras T, Cook CM : Toxin extraction from an
Anabarenopsis millerr dominated bloom. Sci Tot
Env 142 7 163-169, 1994

Lawton LA, Edwards C, Codd GA © Extraction and
Highperformance Liquid Chromatographic me-
thod for the determination of microcystis in raw
and treated waters. Analyst 119 | 1525-1530, 1994
Lin JR, Chu FS:In vitro neutralization of the
inhibitory effect of microcystin LR to protein
phosphatase 2A by antthody against the toxin.
Toxicon 32 - 605-613, 1994

Luukkainen R, Sivonen K, Namikoshi M, Fardig
M, Rinehart KL, Niemela SI : Isolation and ide-
ntification of eight microcystins from thirteen
Oscillatoria agardhii strains and structure of a new
microcystin. Appl Environ Microbiol 59 : 2204-

25.

26.

27.

28.

29.

30.

3L

32.

2209, 1993
Luukkainen R, Namikoshi M, Sivonen K, Rine-
rhart K, Niemela SI: Isolation and identification
of 12 microcystins from four strains and two bloom
samples of Microcystis spp. structure of a new
hepatotoxin. Toxicon 32 © 133-139, 1994
Namikoshi M, Reinhart KL, Sakai R, Stotts RR,
Dahlem AM, Beasley VR, Carmichael WW, Evans
WR : Identification of 12 hepatotoxins from Ho-
mer Lake bloom of the cyanobacteria Microcystis
aeruginosa and its cardiovascular effect. Environ
Res 40 © 8-524, 1992
Namikoshi M, Rinerhart KL, Sakai R . Identifi-
cation of Microcystis aeruginosa, Microcystis vividis
and Microcystis wesenbergii * nine new microcys-
tins. J Org Chem 57 : 866-872, 1992
Park HD, Watanabe MF, Harada KI, Nagai H,
Suzuki M, Watanabe H, Hayashi H © Hepatotoxin
(microcystin) and neurotoxin (anatoxin-a) con-
tained in natural blooms and strain of cyanoba-
cteria from Japanese freshwaters. Nat Toxins 1
. 353-360, 1993
Park HK, Cheon SE, Park SE, Lee MH : Seasonal
succession of phytoplankton in some artificial lakes
of Korea. ] KSWPRC 8. 150-158, 1992
Rinehart K, Namikoshi M, Choi BW . Structure
and biosynthesis of toxins from blue-green algae
(cyanobacteria). J Appl Phycol 6 159-176, 1994
Stvonen K, Carmichael WW, Namikoshi M, Ri-
nehart KL, Dahlem AM, Niemela SI: Isolation
and characterization of a variety of microcystins
from seven strains of the cyanobacterial genus
Anabaena. Appl Environ Microbiol 58 : 2495-2500,
1992
Sivonen K, Skulberg OM, Namikoshi M, Evans
WR, Carmichael WW, Rinerhart KL . Two methyl
ester derivatives of microcystins, cyclic heptape-
ptide hepatotoxins, isolated from Anabaena flos-
aquae strain CYA 83/1. Toxicon 30 : 1465-1471,



33.

35.

36.

37.

38.

39.

40.

41.

SRR BB RE L F13E F1-25%, 1998

1992

Takenaka S, Tanaka Y : Decomposition of cya-
nobacterial microcystin by iron(IlD) chloride.
Chemo 30 : 1-8, 1995

. Tsuji K, Naito S, Kondo F, Ishikawa N, Watanabe

MF, Suzuki M, Harada KI . Stability of micro-
cystins from cyanobacteria effect of light on de-
composition and isomerization. Environ Sci Te-
chnol 28 : 173-177, 19%4a

Tsuji K, Naito S, Kondo F, Watanabe MF, Suzuki
S, Nakazawa H, Suzuki M, Shimada T, Harada
KI©A clean-up method for analysis of trace
amounts of microcystins in lake water. Toxicon
32 . 1251-1259, 1994b

Watanabe MF, Oishi S, Watanabe Y, Watanabe
M ! Strong probability of lethal toxicity in the
blue green algae Microcystis viridis. Lemmer-
mann. J Phycol 22 : 552-556, 1986

Watanabe MF, Harada KI, Matsura K, Oishi S,
Watanabe Y, Suzuki M . Heptapeptide toxins co-
ntained in natural samples of Microcystis species.
Toxicity Assessment 4 - 487-497, 1989
Watanabe M, Harada KI, Hugiki H : Waterb-
looms-Its appearance and toxins. Uni of Tokyo
Press, 1994

Wicks RJ, Thiel PG . Environmental factors af-
fecting the production of peptide toxins in floating
scums of cyanobacterium Microcystis aeruginosa
in a hypertrophic African reservoir. Environ Sci
Technol 24 © 1413-1418, 1990

Yagi O, Ohkubo N, Tomioka N, Okada M © Effect
of irradiance and temperature on photosynthetic
activity of the cyanobacterium Microcystis spp. Env
Tech 157 389-394, 1994

Zhang Q, Carmichael WW, Yu M, Minjuan L, Li
S © Cyclic peptide hepatotoxins from freshwater
cyanobacterial waterblooms collected in Central
China. Environ Toxicol Chem 10 * 313-321, 1991

X R; Rz
Microcystin LR ;  Leu CHs Ha
Micracystin RR ;  Arg  CHs Hz

Fig. 1. Chemical structure of microcystin.
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Fig. 2. The morphology of Microcystis aeruginosa.
Nikon AFX-IIA microscope(10X100).
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Table 1. The sequence of primer used in this study

Primer set Sequences(5—3") Product size

Sence  ATAAGCGCCCCTCCCGGGTT  (398bp)
Antisence TATTCGCTCCGGAGCTCCCT

398bp — |

Fig. 7. PCR amplification of c-myc DNA of NC-37 cells
treated with microcystin.
The amplified product was analyzed by ele-
ctrophoresis through 1.2% agarose gel. Lane
1, control(14g) 5 lane 2, control(0.005xg) ;
lane 3, control(0.0025xg)  lane 4, microcystin
treated(1g) ; lane 5, microcystin treated(0.
0054g)  lane 6, microcystin treated(0.0025
ug) s lane 7, negative control 5 lane 8 1kb
DNA ladder

CAYC ~

Fig. 8. Northern blot analysis of cytoplasmic RNA of
NC-37 cells treated with microcystin.
The experiments were performed as described
in “Materials and Methods”. lane 1, Control
RNA ; lane 2, microcystin(0.54g/ml) 5 lane 3,
microcystin(1xg/ml) $ lane 4, microcystin(2

ug/mb)
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