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Abstract - Various physico-chemical and biological methods have been used to remove
cyanobacteria which causes blooms and releases toxin, The purpose of the following
experiment is aimed finding out which cyanobacteria are affected by L-lysine and
what concentration of 1-lysine inhibits cyanobacteria. The 20 samples of Microcystis
sp. have been tested. To prove the growth inhibition on Microcystis sp., double-layered
agar method and microplate method have been used. When the concentration of 1-
lysine is as heavy as 100 ug ml'~300 ug ml-!, some Microcystis sp. have made halo zone.
Some Microcystis sp. have shown so high activity as to be inhibited in their growth by
the L-lysine of concentration 10 pg ml-! with microplate method. These activities are
various in accordance with every species. In additions, the microplate method has been
proven to be an easy way which examine the lytic activity on the species of algae.
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A1), =A S e Adsiest esavt
A fu= A RkHE: FIAA o=
3 Salv) wAd £3E dodlE F2RE w=2F,
TEF, FEF7L dom "FedA e a3 F
2 P$z2Bd 7]¢sh} (Hermansky et al. 1990). ‘&7
Fle Sae BujEe AH oFv BAE Vs
A o] glv}(Carmichael 1992). $38 do7|= F2{FZ
AAEZ) 93t @ whfel A=HR e el
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H3 AAA SHolA] A gte] i} (Dart and Stretton
1980).

275 AAS] 5wl FelA ZFAbE(CuS0,,
copper sulfate) ol&sh: #shE MY (Reyssac and
Pletikisic 1990)¢] A|==¢lovt MefAel] Faks F7]
o) Fof| (Lee 1989; Reyssac and Pletikisic 1990) <33F&
BA Fe PRezs 4BE o4k A7} Ueisk
t}(Ho and Alexander 1974; Reynolds and Walsby 1975;
Redhead and Wright 1978; Barnet et al. 1981; Brabrand
et al. 1983; Desjardins 1983).

Yamamoto 5-(1988)2 #.4-2] sediments= B E|
& 40939 FaF Fels-& 7 bacteria Fell A 7}
2} Bz Hohd o2 BTH Streptomyces phaeo-
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faciens7} 8|3 olm|xAbe] L-lysineo] WEF F 4
X Microcystis2] QRS A&l AY e &AL 14l
oo B2 v glch oe} 722 Az E3E o]
25 AA A7 3] =¥3 AAe]™ Yamamoto
Z.(1998)% 2%-2| Microcystis sp.2} 1%%] Anabaena
sp.9HS L-lysinee = A3} & o}

A A e AA Fu AYF oz FERFE Al
ojslE whles Mz 23& AMY A ofu|xAk
& o]&3s Zlo] B AFRAY Aoz AmEHe #
ATE F3he ofF B ofw| Al -lysinedl| °33F
& U= g2 [ 279 ol WS vR):= 1-lysined]
B2 slopslaal dhglet

U
1. % (strains)

Aol o4 xRt FHIZE AT NIER), v
o} & (PUCC), <14 =& (1A ), #4 A8 (KCTC)
(AG), NIES (BC, NC), ATCC $02RE B e
Microcystis sp. 205 A3}t

2. gEF %

J= 79 ¥k BG-11v1%] (Rippka 1988; Casten-
holz 1988)F ¢]|&38}e] pH 7.101A] culture brothH}Y ©.
2. v oFsledt. v) kel 4 (micronutrients): HaBOs, 2.86
g MnCl; - 4H:0, 1.81 g; ZnSO4 - THa20, 0.222 g; NapxMoOy

- 2Hy0, 0.39 g; CuS04 - 5H0, 0.079 g; Co(NO3)z + 6H:0,
494 mg-s TG 1019 A A ARE3sich A o)
A% BG-1190A] 17e] agar 10 g& gof A4-3blct &
52 ek 2000 lux, 28+1°C, =374} <F7] (Sanyo,
growth cabinet)ol| A wlj oFale{ct. o} A2 ¢k) HF 5
wj ok3l= -9 950 u18) 96-well flat—bottom microplate
(Rojitkovd et al. 1998)% ]88l cool white fluores-
cence light &5 k7)ol A] ¥ okabelc)

) eF7) 729l multichannel pipetteS: ©]-8-8fe] &3
o ghHA A elFqlct.

3. L-lysine

SigmaAl=.RE 1-lysine(y-2, 6-diaminohexanoic
acid, ¥-AF 146.2, CeHuN:02)-2 FY k] ZFFgol &
¢l & A7 02umTH-E 7} syringe filter2 oA
A Al-gslg e} L-lysined] F=E 747t Opug ml?, 50 pg
ml-', 100 ug ml-1, 200 pg ml-1, 30 pg ml-1, 500 ug ml-1,

700 ug ml-1, 1000 ug ml*= stsTH

4, Double-layered agar method

Gz 5o Al =AL -lysined] FEE ¥4
517] 248 double-layered agar method (Currier and
Wolk 1979; Mitsutani ef al. 1987; Sakata et al. 1991)2}
microplate® ] (Blaise ef al. 1986; Rojitkova et al. 1998)
& Agsiseh

Double-layered agar method& o]-£3t algal lawn-g
A7) e JdrFS 4lEa] (Hitachi, 3500 rpm, 4
°C, 1083t @& Azg FFE 24 ¥F BG-114)
Aol 107 cell ml-l2 WEsl, 2% agar® EFc
254 UIT T 500AK L5 WAD AW
A2 sl g £ F vle #9019 BG-11 3% W)
Aol 3o} 4ol 283 ZFARAN §74 2~3
Azt WA T Agshch.

0|5 algal lawnel] HF% filter paper disk (FC-
Wattman, 74 6mm)s ¥3 == 0pg ml?, 50 ug ml-?,
100 pg ml-!, 200 pug ml-t, 300 ug ml-t, 500 ug ml-, 700
pg ml-l, 1000 ug ml-12] -lysine-g Z+Z} 20 ulq A4l
¥ 209l ¥ 45U F99 94 BEE
Hrt.

5. Microplate g

wl %}7] (shaker)ol|l 4] wie¥sled A2 Fold E=
FZ 96-well flat-bottom microplate (Cellstar, H 7,
non pyrogenic, DNase and RNase free. Intron)2] 3% 8
o] 247) well& 1ZZ 3ho] 4% F2=FHEZ 180l
(108 cells m1-1)# A £} ) (Rojickova et al. 1998).

A19e dadozr olfstm 298H 2 do -
lysine?] &% %%7} 0ug ml?, 10 g ml-, 50 ug ml-1,
100 pug ml-1, 200 ug ml-1, 300 ug ml-1, 500 ug ml14 =
A 22 20uAe Yol 3 gael dgt e 24
€ 33 =l=qlt} L-lysine2 A7} microplateE =HF
sef7)o) §AX 447t v Fehaln

g roAe] -lysined] FE2FAF AA|5-E Uo}
w7 $18ted o} 22 o= -lysine HF Fx7}
Opg ml-1, 0.1pug ml?, 0.5ug ml?, 1.0 ug ml-?, 5.0 pg ml-1,
10pg ml-t4 A 20u18E HET F 2R %76 &
A e dyes s,

6. L-lysined] ¥Y=HF A AA%5 € &5 24

AA A 2 B FAS BM3ER= updo 2+ chloro-
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Table 1. Effective concentration of 1,-lysine on Microcystis sp.

Concentration (ug ml-1)

Strains
0 50 100 200 300 500 700 1000

Microcystis aeruginosa NIER-10001 - - - - o o o] o)
Microcystis aeruginosa Kutzing AG-10073 - - - - - - - -
Microcystis aeruginosa 1A o - - - - - - - -
Microcystis aeruginosa NIER-10039 - - - A o o 0 0
Mierocystis aeruginosa NIER-10051 - - - - - - - -
Microcystis aeruginosa NC 7 - - - - A AN A A
Microcystis ichthyoblabe NIER-10021 - - A A A o} O o}
Mierocystis ichthyoblabe NIER -10045 - - - - - - - -
Microcystis novacekii BC-18 - - - - - - - _
Microcystis novacekii NIER-10022 - - A o} o] o] o] Q
Microcystis novacekii NIER-10029 - - - - A A Q o]
Microeystis sp. NIER-10004 - - - - - - - -
Microcystis sp. NIER-10056 - - - o o] o

Microcystis viridis NIER-10017 -
Mcrocystis viridis NIER-10026 -
Microcystis viridis PUCC-1002 -

e
(e

(— : no halo zone, A : vague halo zone, O : halo zone)

phyll 28] &3}=7} algal growths =3#]3}7]¢] = &ts}
o} W 3l (Hersh et al. 1987; Fargaova 1994; Rojitkova
et al. 1998)7} §17]el 1-lysine?] °J3k2 EA3)7] 3
absorbance microplate reader (Spectra Max 190 : Mole-
cular devices)Z ©]-2-3}] 680 nm (Rojitkova et al. 1998)
oA 49 F<F 24417 7k 2= chlorophyll a®] E5}h%
2 2xse,
4 =
1. Double—layered agar method<] &t
r-lysines] A% %7

Double-layered agar method 2 FHd|7} A==
FzFe -lysined] T =F =A}3)¢ ) double-layered
agar platedl| A 3z AAFskA] ZakAvE Wk 7] 2bget 4
Aol & k¥ 45% A 93 1632 Microcystis sp.
M. aeruginosa NIER-10001, M. aeruginosa NIER-
10039, M. aeruginosa NC 7, M. ichthyoblabe NIER-
10021, M. novacekii NIER-10022, M. navacekii NIER-
10029, M. sp. NIER-10056 5 756|A)= Ermd7} 84
e Aol A (Table 1).

Exd 7} Vehts -lysined] ¥ % M. ichthyoblabe
NIER-100212} M. novacekii NIER-10022+& 100 ug
ml-1XE], M, aeruginosa NIER-10039¢} M. sp. NIER-
10056 200 ug ml*5-¥, M. aeruginosa NIER-10001
2} M. aeruginosa NC 7, M. navacekii NIER-10029%+

300 pg ml 1 RE vehtr] Al=SEkgoh 22T 1-lysine
9 FE/}t ¥EFF YL AAe] Za £EA
EPgo) (Plate 1).

olgl 7o Hilzw Hol -lysine2 WX Microcystis
sp.ollA] AMellFH el &Aooz AL HA A7 A
+ Falsgoh

2. Microplate ¥g]d] 28 A3 94 2 2& 4

Double-layered agar methodel] &3] ==z} A4
5 7%9 45 & M. aeruginosa NIER 10015, M. aerug-
inosa NIER 10001, M. aeruginosa NIER 10039, M.
novacekii NIER 100228} 2|7} 3|u|dt M. aerugi-
nosa NC 7, 2v]2] 34 571 2la=-L M. viridis
PUCC 1002 2] 27 double-layered agar method 2. £
2] #HAe] o]JHL M. geruginosa NIER 10010, M.
viridis NTER 10020 5 % 8% 335 tjaloz 4%}
£ Al L-lysined] ¥ EE FAIH.

Adqgr Al M. viridis NIER 10020, M. aeruginosa
NIER 10015, M. aeruginosa NC 72} M. aeruginosa
NIER 100018 1-lysine& #z]alx] obe )220 Al
FHE el A% A AL QA
7% Hol, L-lysined M T AYIANE FH=
el A A9 2 WEse Ade B1eld(Fig
1). M. viridis PUCC 1002% 1-lysine-& X235t A8
NA FH= Fhel 7R kS M), L-lysine F
27} 50 pug ml-t o] slellME 2~3 FRE Foksh= A
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Plate 1. Halo zone formed on the agal lawns (Concentra-
tion of -lysine : 0, 10, 50, 100, 200, 300, 500 ug
ml-1; D.W : negative control). (A) M. ichthyoblabe
NIER-10021, (B) M. aeruginosa NIER-10039,
(C) M. novacekii NIER-10029.
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Fig. 1. Growth curves of M. aeruginosa NIER 10001 at
different concentration during 4 days. A0 : O ug
mlt, A10: 10 ug ml-1, A50 : 50 ug ml-1, A100 : 100
pg ml-l, A200 : 200 pg ml-!, A300 : 300 ug ml,
A500 : 500 pg ml-1.

M. viridis PUCC 1002
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Fig. 2. Growth curves of M. viridis PUCC 1002 at differ-
ent concentration during 4 days. A0 : 0 pg ml3,
A10 : 10 pg ml™*, A50 : 50 pg ml-1, A100 : 100 pg
ml-1, A200 : 200 pug ml-1, A300 : 300 ug ml-1, A500
: 500 ug ml-L

£ B 4= 9Iv}(Fig. 2). M. novacekii NIER 100223 1-
lysine ¥ X7} 50 pg ml-t o|Flell A FF=IF FrlEh=
AeFE Bolv} Wz B} ghe] WA vielgen, 1
ol 49 FmoMe FRE ghe] A3 F Ael7h UA
} (Fig. 3).

10 pg ml? o]38] L-lysine T =M T B JA &
lysis®] °J8kg el 1] 3l $olM AR 8%F2
a7} B A% M ichthyoblabe NIER 10021
23 double-layered agar method® A7) ¥E
M. wesenbergii NC 5 & 23 vlsle] & 1258 A9
saieh

I A3} M. viridis NIER 100202 -lysine =7} &
Z¥ghell welk F4e Zhe] ey Aoz viehytyh M
aeruginosa NIER 10015, M. ichthyoblabe NIER 10021}
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M. novacekii NIER 10022
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Fig. 3. Growth curves of M. novacekii NIER 10022 at dif-
ferent concentration during 4 days. A0 : 0 ug ml-1,
A10:10pg ml-', A50: 50 pg ml-1, A100: 100 ug ml-t,
A200 : 200 pg mi~*, A300 : 300 ug ml-1, AB00 : 500
pg ml-t,

M. ichthyoblabe NIER 10021
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Fig. 4. Growth curves of M. ichthyoblabe NIER 10021 at
different concentration during 4 days. A0 : 0 ug
ml-1, A0.1 : 0.1 ug ml™?, AO.5 : 0.5 ug ml-1, A1.0:
1.0 pg ml-1, A5.0: 5.0 ug ml ™%, A10 :10 ug ml-L.

M. wesenbergii NC 5% 1-lysine =7} 1.0ug ml-! o]3}
AME Fer) Frkgel uel dad 2ot FF= gtel
2 A FrbeHs HAE Bolv) 5.0ugmlt o]A)
MM FF= el AL fEY oA Aeo=
vebstot (Fig. 4).

o] A -lysinee] Ao & FL How ¥
olm 5.0ug ml-!l el Aol A mIzbaA Wkges ez
eldr}. M. aeruginosa NIER 10001, M. geruginosa NC
7, M. aeruginosa NIER 100100 = A3 Askd-&
HolA= ¢kgtort B} - oA Aabe] AH
= Aoz et M. aeruginose NIER 10039, M.
viridis PUCC 1002 10pg ml-? )5} #23=x -lysine
A g kx] g= Aoz el 2 AY A
X Microcystis sp.o|A41= 5.0 ug ml2~10 ug ml-12] o
£ FEAME A& oA d BaFA o] ehibs Ao
= gels o

L

F2FY o3 zagMe AL Aeslaxt
sz Al elu] MA 7 FollA Gpekg wem A
) 5 o] 2t} (Jeffries and Mills 1990). Z&v}+ Zilx
(CuSOg) et} o] 4FELg 4-(Cl0g), £&(0s) 52t 72 3}
FEAS ARS8l £3he] Aejale 4Eke] el AE
o EF Bk opieh AUA We] ALY 7|2t
S dyyel AE TLAEES P AAs, A7
=z AL Zrox B3¥EHl 9 (Reyssac and
Pletikisic 1990). w2t 4212 Hdeo|¥s 2 it
AdA oz AAF ¢ s A= 7129 Ade] HA
g AlA o|ct

Yamamoto 5 (1998)-2 lysomed} 72 &4} pro-
teaseZ} obyl ZFA3EE olmimAlql p-lysines] d¥- G
g Ao waspgdeh 2 AgelAx L-lysine
o] X Microcystis sp.©] A& AABA 2ol
AEA SFolAg veplow agarel] ¥-AT Ae]elAut
L-lysisE W2 Eghiok AeldlMz s F9ioh
Yamamoto 5 (1998)2] 31 7ol 9J&}% L-lysinee] A=
Hel| QS Fody B uEY.ev} Microcystis viridis
PUCC-1002% 3% Zlo= Mol AefelA o= A
= A7kl Ao BA ARl dolhe AE BRY
e Aoz Hol AR AEeME 3L WA o
£ 7los e

Microplate ¥ o2 xA}Er ZHAs} Ad¥X Microcystis
sp.ofl M o} W FEoME AAA U I HA
o] & o= vepgch 2 Ao AHL31A] ¢k Ana-
baena sp.9 Oscillatoria sp. ¢ &4 o @2 dF
7F As)Eejof AT L-lysineo] dB HE2HFE A
gHog Ao & glg Aoz wad

Microplate W o2 F5& wofd o F7|Hez 7

g EZo] F= T4+ microplate shakers® E5-o
Z 7} multichannel pipette® 2 4Jo]d 57, Z=a}t pH
A 48 gAY FPREo= AN e b
Ut o8 el AT gl w B8 micro-
plate®P-& AH83le 7L agar plateidollA] T3]
hollow zone®] QA 55 AZAs=A we AT &
2o daf A% A 2 $ veE 24T 4 A
£ 5} ke B9 microplates) ) ofe] 3] 7
F2 F9% Aoz AYY £ 9= AHuUFo
(Rojitkova et al. 1998).

o]4e] Atz Mo} o] 4H -lysined} Zro] X
=279 A& dAs Yt e dod 4 sle |E
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obm)mabs] WA FFe W FEFEE A Q
F7t QA o2 olein Dot vz A

= L+

£ o F= p-lysine (-2, 6-Diaminochexanoic acid)2]
3 = PR FE2Fel J¢E F+ L-lysine
ot F31AF 2088 Microcystis sp. 2 A&
ARgslg ot FERe 4A 94 =62 double-layered
agar method9} microplate method3 o])£3le] =33}
At 1 -lysine®] FEE 100pg ml-1~300ug ml1 o4}
ANA A28 AL Microcystis ichthyoblabe NIER-
10021 8] 7Z2] Microcystis sp.o|A] Fd7} A=Y
v}. Microplate methodo]| A} 3= Microcystis viridis NIER-
10020 & 7%2] Mierocystis sp.ol| A& 10~500pg ml-?
o =AM AAAA Y lysisE Vepfgich 23 m
Microcystis viridis NIER-10020 £] 332 10pg ml! o]
B2l 2 HroMm JAdd) 3 B e ¥
2+ B34¢ o

A A

2 dFe FHU|eR FFIRAATA A A
(2002-N-NL-01-C-290)o)] £)d}ed a5
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