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ABSTRACT: We developed a biologically-derived substance naphthoquinone (NQ) derivate for the eco-safe mitigation of
harmful cyanobacteria blooms such as Microcystis and Dolichospermum. NQ was reacted with various substituents (R,) to
produce different NQ derivatives. We tested a total of 92 algicidal compounds based on the algicidal activity of Microcystis
and Dolichospermum. 22 compounds of NQ were selected as candidates (algicidal activity >80% at 1 uM). Among them, NQ
40 compound showed the highest algicidal activity of 99.6% and 100% at the optimal concentration of 1 uM on Microcystis
and Dolichospermum, respectively. No algicidal effects of NQ 40 (1 uM) were observed against non-target algae such as
Stephanodiiscus, Cyclotella and Peridinium. According to the results of acute eco-toxicity assessment, the ECsovalues of NQ 40
compound for Selenastrum capricornutum and Daphnia magna were 3.2 and 14.5 uM, respectively, and the LCsy for Danio
rerio was 15.7 M. In addition, for D. magna chronic eco-toxicity assessment, no toxicity toward survival, growth and
reproduction was observed. Therefore, we suggested the NQ 40 (1 pM) compound as an alternative eco-safe algicidal
substance to effectively mitigate harmful cyanobacteria blooms.

KEYWORDS: Algicide, Eco-friendly mitigate, Harmful cyanobacteria blooms, Naphthoquinone derivative
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1.ME

T3l G5 tdtAl (CyanoHABSs, cyanobacterial
harmful algal blooms)2 ©|5-2] A& A4 X]of w}a}
247, R, AHOR okt BAIE 007

2 Slek B4 e, A, Foid Bolne] 59
RS A S o) AR NS Qo]
H (Duke et al. 2002), Dolichospermum &2 33+
ek ol FEFo] il Al Aol & A (off-
flavor)E HAgste] Ak R0 FAE Yo7l Q)
t} (Hobson et al. 2010, Zamyadi et al. 2015). 12|11,
9] 2P 9 A2 (seum) B4 o= BIREE H
SlaL of7} 9l AR B2 Asfish, A A &
ofufz] #Haf 2 gy A A o= Qg HA|A
EAS op7|gith BlEol, foll HE2F Microcystis,
Dolichospermum, Aphnizomenon 439 tjFE2 &
3] =4~¢] Microcystin, Anatoxin ! Saxitoxing A}
gsto] Algh 9 Sl Refieth Fake mlxivka B
Eo] It} (Codd et al. 2005).

olgfgt fafl 2 iAol ojgt wjalE 1] 9
OH /lggb‘]—/‘(-] aa‘LX-] g]-b‘]—X-? H]—H‘] 5_4 l:]—OT:‘o‘}— Xﬂ
o] 7]&=o] 7idE el AME S ‘% A7 AA
Ao g Ao AL 7535t Vel FetERS A
B e ko] 1 e o ) A s el e
Aol 71 JA] 4= A 2 A=l ?1—375101
Hl=/d o) ARl FAIES ZEaL Qlo] dF
ojfj 20| R|&F o7 RIS} (Park et al. 2001).
E3 AA - QoA =2 AMEE A 2 T
AIE o83 Fall F257 Alof 71& JA ==
olele] T 4 Aol QTS vl AL 3
=t} (Lim et al. 2002, Yamamoto et al. 2005,
Liirling and Oosterhout 2013). wa}A], & A1A-
Bl o] Ml et A ol e
Alo] 715 ANdstast AdA o] 24 S BE=
- ﬂHf‘El =He e 2 AxEmdS
Wetarat skoick AAA 52 A - =29
- AHE o2 A Aol|A] AFEsl7} 7] A, ¢
2 SEOA =40l ke 7hsAe] Atk & <
Lo A AR5 Naphthoquinone (NQ) &3 HA] T}k

3t A& (¢f. Droseraceae, Juglandaceae, Nepenthaceae,

ol

LOzl‘.?L'FU

o
-0, oM,

¢

Plumbaginaceae)X} 1| & (Streptococcus faecalis)
oA B F& AAA EAskE B, A

(antitumor), %34 (anti-inflammatory), <=
714 (antiallergic), Z&te]o} x]ZA| (antimalarial) 5
O] 715 o=, oJorRe| YRR ARSEH, THEH Al
2 B%0] FOIE ETA Ao BIE vhehfo]
Cho)A] Abgo] E]1 9l o]t} (O'Brien 1991,
Monks et al. 1992, Dong et al. 2009, Menna-Baretto
et al. 2009). WA, 2 QLS NQE 7|Hte g 3}
of thefgk X|gH7] (Ry)E W3 A e Axed
o a9 A w|2|= Gl tiste] & POW
th SH, 712 A ALE 52 B
ol Stephanodiscus hantzschii-g 0.2 31 AL
A (Byun et al. 2015, Joo et al. 2015), oS4 =)

oA st 14 2 BARE Losle 88
2 Microcystis, Dolichospermum©] T3t NQ E2l2
gD} ke ool A1) uc

oA, B 01—7-01]/@& S3f Fx2H Microcystis
Dolichospermum %-& A|o15}7] 218 NQ 7|9t =%

[¢) /ﬂ—z_g_q.__ Hrlslgia, 2 AAE AxERe

rﬂ Fﬁ

re
HU ofv x

I XEXRI|

2.1 Naphthoquinone #H|Z2| AIXEZ!

Naphthoquinone (NQ) 5=A41|2] 7]-24]Q1 sleb+] -
Z0} 3 12 Fig. 19f] FAISIAE) Toluene2: -84
2 3] triethylamine &4 3}oj|4] 2-formyl-1,4,5,8-
tetramethoxynaphthalene ¥} amine-& HF3-A|# N-(R)-

N-[(1,4,5,8-tetramethoxy-2-naphthyl) methylidiene]
amine (2)& A4St} 3keHE N-(R)-N-[(1,4,5,8-
tetramethoxy-2-naphthyl) methyl] amine (3)2] 3
2 lithium aluminum hydride (LAH) £+ NaBH,2
AeleromH A 4= qlrk SjkE 3 AR/l CrO;
FL= CANSo 2 Ag5le] 3gHE 2-{[(R) amino]
methyl}-5,8-dimethoxynaphthalene-1,4-dione (4), 6-
{[(R) amino] methyl}-5,8-dimethoxynaphthalene-1,4-
dione (5)E TAJSITE AETIA SIBHE 491 55 AICK
4 HCI= A2Jste] 25222 3lghE 2-{[(R) amino]
methyl }-5,8-dimethoxynaphthalene-1,4-dione (6), 6-{[(R)
amino]| methyl}-5,8-dimethoxy-naphthalene-1,4-dione
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Fig. 1. Synthetic pathway (a) and basic structure (b) of naphthoquinone derivatives.

(7)& 3Hdgtct Naphthoquinone 7|2-52-S 7|9kgh
AAZEZL 7|5 JLZo| X&7] (Ry)E thokshA ¥
A F 9259 sihES eIk BE SighE
L Aty S8 AATE Y R & wgE o
T A st AlS AT
22 =% i

B Ao A HEBYAEE F5TOR HR

5 Dolichospermum flos-aquae, Microcystis aeruginosa
2%, F2R5 Stephanodiscus hantzschii, Cyclotella
meneghiniana, 2%, QHY 5 Peridinium bipes 1%
O & Microcystis aeruginosa NIES 298+= X NIES
(The National Institute for Environmental Studies,
Japan), Dolichospermum flos-aquae CCAP 1403/13B
S =19 CCAP (Culture collection of Algae and
Protozoa) = F-E| H9F vt} Stephanodiscus hantzchii
UTCC 2672 7]1ft} UTCC (The University of Toronto
Culture Collection of Algae and Cyanobacteria,
Canada), Cyclotella meneghiniana HYK0210-A19]
= 7ok (Kyeongan Stream)o| A 24 H2]3t

. Peridinium bipes HYJ0511-03
A (Juam Stream) o ZEHE] B
o] 7% CB (NIES 2004) Hj], 20°
C, 30-40 pmol m™ s, 12:12 (light:dark) Z7]2] =
Ao 7 150 3hH ‘_’\} £} w9k (serial transfer) =]

on, xRt PHREFE] 79 DM (Beakes et
al. 1988) 8], 15°C, 30-40 pmol m™ s, 12:12
(light:dark) 3£7]2] 270 & 200] THH 4 &2} uf
pasbd=d
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oA = o
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i
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ol
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Okl
N

9
25 gl 29 Ex D. flos-aquae®t M.
aeruginosa (1 x 10° cells mL™") #JF} 0.2 mL-& 96
well plate (SPL)ol| 25+ &, 3AE 92 £9] sRIES
1,5, 10, 20, 50 uM & Z2F HE51900k NQ AF%
E2o] HZ= well plate= 20°C, 30—40 pmol m” s,
12:12 (light:dark) 7] Z749] wlj%F7]of|A 10 L7t Hj
FEoH, HE Y AE F1,3,5,7, 10 YAL A
S Asigitt. 25l gk Adxavs Bkl ¢
3f) 45}t &u)7 (Olympus IX71, Japan)2] 200-400 =
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oJ|A4] Sedgwick-Rafter chamber (PhytoTech Inc., USA)
2 olga) Arelo] tzT o] A3 (algicidal
activity)S H7l6Fg ) A2E844-S microplate assay
A7 ¥ A4 A olgalol ok (Bq. I} 22
Hom Ak,

AZZH4 (Algicidal activity) (%)
=(1-T/C)x 100

371 AollA C= 2beS AEsHA 2 o
O HZ 5 T =4 AT 7 € T A 55 9uft
tl. Microplate assay Zi}S o|-835}o] =2 A%

3}
=
BE ekl AREPS A4 BUE AL,

x| O A = o x
2.4 H94 MESTO| MX HO| Y N 55
My

3l 9257 D. flos-aquae?} M. aeruginosa®l| o
5}o] microplate assay A¥-S E35F 21 E vigo g
AE HH Amsde] dag A Aele] 7k
He B 8 Fas @ shARzFel o)
microplate assayS ZI3¥5I3T). 3% C. meneghiniana,
S. hantzschii, SFAEZ5 P. bipes |32 ZF 5 x 10°
cell mL'& ZH]3}0], 48 well plateo] & AAE
SIHE2 1, 5, 10, 20 50 uM 9] =2 5ol
A% T Re) R ERE 15°C, 40 pmol m” s,
12:12 (light:dark) 27] 2719] ujoF7]oll4] 1027F
HjFEIITh A|EZ Q] Al4= Y EF microplate assay
Asah BUsA AAET EE W3 18S9
2% FEE 2] SaIN NQ B15HE % 240 A7
Az} T A2 AERE 0% Aofdt 4 G
(IC50-240 h)E standard curve?l four Parameter
logistic curve (Findlay and Dillard 2007)E A}8-3f
Sigmaplot version 10 software (Systat Software Inc.,
USA)| A AikstiTt (Eq. 2).

(Max — Min)

Y= Min+ o o\ Hillslope
10y,

(Eq. 2)

Y= oighE 47| HEeteol we A= (%)
= UEH, Max= HSsto] mhe Fd 42284

(%), Mini= JF-s ko] the 24 A28 (%), X
L AE25E WY 9] IC5-240 h 3, - Hill slope
- 7187)) L Qujgtch. webA Ab7] A1S ARLE)
FEe= 2 Az B4Y ICso F= Tok3eh

Z= AEgEA H71 AlY (eco-toxicity test)
Selenastrum capricornutum (CCAP, United Kingdom)
& Hop wio} Assigick dA10] S qpricormunum
1 x 10" cells mL™'S A3 A2z NQ 40 232
2 5% ¥ (0,0.1, 02, 0.5, 1.25, 2.5, 5, 10, 20 uM)
2 JEelo] A Saeigich B ekl axenic
Apefo] A @S Ay 2702 WjkEslt 0°C,
50 pmol photons m” s, EG:JM medium, 12:12
(light:dark) 57| =) A|Z8] A5 S18f 2447t
A0 2 72A7F F3F Sedgwick-Rafter counting
chamber (PhytoTech Inc., USA)E ARE3}o] x200 Hj)
&2| 3FoFAu]7 (Zeiss Axioplan, Germany) 3lojlx] 7
FoRQATh Aee 39 HHEsto] A9skqitt (OECD
2011).
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0
UjK

FIES FHEAN D ehEA AR
S5eAt B E Daphnia magnaS N@ ol AHg-
- A@& D. magna®] A2 2009 1049 =

o ¥ O o
b & (o 3R o
fr oon L
i
B
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e
oS
i
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5
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El
il
rlot
o,

ol

A AFHANA A&H oz Hjdste] AlFo
ARgSHTE w242 2 20 + 1°C, F= 50
umol photons m™ s”, 12:12 (light:dark) 327] 272
=2 U.S. Environmental Protection Agency guideline
of| A A| A3t moderately hard water MHW)E A%
5o 2417k 9k Z7]A17) 7 ALGBIICE. D, magna
9] Hol|2= =279 S capricornutum Y= Chiorella
vulgaris% BTk BAEH Aol AEE D
magna = 38] ol of2) AAE A AREE ofu]
e 9 ] 7k A 249 wlte] ofel AR
whe Algslel AR stk AT (0 M 4
235 2 FHS 22 s 34 F= (0, 0.1,
0.2, 0.5, 1.25, 2.5, 5, 10 2 20 pM)Z FEs13 0,
BAZE B AR =F 717 Fotols HolEs
SHoHA e, b FEEE 4709 HHEAES

0
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Al&sle). 242y vjokss 75 mLoj| D. magna 51}
24 901 2 1s0oe1S A$1SIch Adarie
FxAY FY3HA 12:12 (light:dark) F7], ==
20 £ 1°C2 Bk RS AP At F=
Sof F= H Ao 25, pH, DOE 54391,
T (endpoint)i 24, 48 AIZF & ARt D.
magna A=+ & ol FEste] AR (F
SRS PR
(immobilization)@} APy (lethality)S S92+
sho] TEIslAlTt (OECD 2004).

]2 zebrafish (Danio rerio) B4=5AAE A
£ zebrafish= <-¢] (Sejin Aquarium Co., Seoul,
South Korea)dto] 23S =33ttt G2]4&%9]
Al Hjo AI2EIS ol 851 5920 L 77 it
120] 25 + 1°C, pH 7.5 + 0.2, S@FA4 7-8 mg L
2 #2=7] 12:12 (light:dark) T7] 2708 X235}
gom, Ho|Z ujd TetraminZ TH5F3)Th AR
SEES ot WelR 1% ot 7, Hha el
23} ofajse] Bz Selsio] ALgalel) -
3t 3370 ol H 2+ 1 em 2719 ARE o]EXt
71 & AL £3589k AlE Az A 149
B9t 0%9] AFYES SISkl <-3-A7] F, zebrafish
(D. rerio)E A¥sto] Zu|5ta 22 A= 23S
ww W@ HEsle] 717t , 02, 0.5, 1.25, 2.5,
5,10 51 20 pMo| = % lﬁ} E} AE 7|17 =
olofl= AJHNE: W3SHR| OF= A|4A] AJSHIH (static
non-renewal test) .= Z]3) 93\213% E3F AE 77
Fetoll= HolE 5ud Z] QoI Al 2o E
52 vjopAAz} U AAetel Sasielk 24
AIZE ZHA 0= 96 A7t B9t A A= APLEL 71
& H3kE WEskSITh (OECD 1992).

rlr

x4 Al /\]

I
0, 0

,_.

OSLFIF HN

=)
0x
In
0x
ok
N

2.5.2 D. magnas 0|&%l

D. magna® 44 &4 %7
E e R 25 A4E NQ
ZEw EHE D. magna?] RBE,
S
magna~= X5 24X]7F o] Hof Akt AZY
A A8 ARl A AE S
A W7o} gk AE77Re AlE EwEo] B
© TEsto] 21U7F }_A}O}ME} (OECD 1996).

afu
tlo ol
ol
ne
2
)
i)

%N HHS
& o

rE
J n_|.11j 1> l‘:l
& o F
PR (R

gy =

0|
o X T =2 > &

ﬂHU —1> ox
i)

o BEES 0 420 AN $la 220] Tl
W NQ BHS Aefat A8z wASHI AW 2
Ao FHEA Wl A2 BT AlY B D,
magna®| <= 7} %a‘j 10mH2]E 782 o= 75 mL
9] Hjjokrof] BRI, Hol= S capricornutum<
2.5-5 x 10° cells mL" 2] %7} 7 Z2sack 2
Z AAE NQ 49 == 0.1, 1, 10 uM A7)
ot Wi T 2t A AlE S 9
3t 219 Zot /\u.,_oq_lﬂr, AL H-a} e 3l
uHol 4;@3} ¥ Al ] 01

o]
014 Aol $HE T FAH 22 HAH

(one-way ANOVA)Z AA|3}AET} (p<0.05).

3. 2 1}
3.1 HXF HNof 7tsEt stetE MEE Hst
Ax S0 ™}

Naphtoquinone 3J8}1%ZE 74t & 3F SHYEZRS

ol gslo] 53l G=F Microcystis, Dolichospermum
T= e Adxans Frksiiict 27 oAy
29 25 D. flos-aquaeS} M. aeruginosa (1 %
10° cells mL™)o]l SHAJE BFalE-S 9220 tj3}e] 1,
2, 5, 10, 20, 50 M 2] Tl 5= microplate assay
£ Zsjslo] Axgits J:]7]—UP A}, D. flos-aquae
o] AL, & 22719 BA (1-2, 3-2, 4-6, 5-6, 5-2,
6-2, 7-6, 9-6, 10-6H, 15-6, 18-6, 21-2, 21-6, 22-6,
27, 38-p, 40, 42, 45, 48, 49, 54) 1 uM F=ol4 80%
o] A}9] g}jﬂé YERJSITE ®3t, M aeruginosa
o] AL HE, & 2279 B (1-6, 2-2 9-6, 9-2,
9-6H, 10-2, 13-2, 15-6, 15-2, 19-6, 21-2, 21-6, 22-6,
26, 27, 40, 44, 45, 46, 48, 49, 53) 1 pM EEo||A]
80% o] HxarE UEITE (Fig. 2). 94 7]
A 227) £ olole] the FAEAL] A ot
50, 20 M| TFEOIAIE 80% ofike] AxEIE
e e, S, 2, 1 uM 9] s = dxaurt
2 (<80%) 2HE|9lt). Micro-plate assay AMZ &

I AE v O 7 D, flos-aquae?}; M. aeruginosa
of gt =29 ICs) gh= =&3F 23}, 92719 =4
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Z 87 B4 (2-2. 15-2, 19-6, 21-2, 21-6, 22-6, 40, (1-2, 6-2, 21-2, 40, 49)0] 2 ICs (<0.5 pM) FH=
46)9| D. flos-aquae®]) tdlo] ¥ ICs (<0.5 pM) H Rt} (Table 2). #$4 AZXTAL B35 AR
2 Bom (Table 1), M. aeruginosa= 57} &% B4 Z2o|A 1Cs50-240 h FF 7S v TS u)

S

Dolichospermum flos-aquge

III_II=_

Concentration
(uM)
N -

Do =
Soe

Concentration

Concentration
M
2

Concentration
(uM)

N =
S

N =

Concentration
(nM)
RS
=]

Fig. 2. Algicidal activity of 92 compounds (from 1-a to 54) at different initial concentrations of 1, 2, 5, 10, 20 and 50
UM against Dolichospermum flos-aquae, Microcystis aeruginosa, Stephanodiscus hantzschii, Cyclotella meneghiniana
and Peridinium bipes (l algicidal activity: >80%).

Table 1. Algicidal activities of synthetic naphthoquinone derivatives against Dolichospermum flos-aquae (ICso, half maximal
inhibitory concentration).

Compound | ICsp | Compound | ICsp | Compound | ICso | Compound | ICsg | Compound | ICsp | Compound | ICso
no. (uM) no. (M) no. (M) no. (uM) no. (M) no. (uM)

1_a ND |42 <1 92 0.64 | 142 440 | 26 ND | 40 0.37
1b ND | 5.a ND 9 6H 7.60 | 156 0.61 | 27 ND | 40-p 0.90
1.6 060 | 5b ND 9_2H 1.20 | 15_2 0.17 | 28 1.30 | 41 1.60
1.2 <1 |56 ND | 10_6 5.80 | 16_6 1.30 | 29 4.10 | 42 3.80
2a ND |52 1.30 | 10_2 0.66 | 16_2 4.90 | 30 140 | 43 4.10
2b ND | 6_a ND | 10_6H 8.60 | 17_6 6.90 | 31 3.20 | 44 0.61
26 1.80 | 6.2 1.70 | 10_2H 480 | 18_6 <1 |32 <1 |45 0.60
22 019 | 7_a ND | 11_6 <1 | 196 0.29 | 33 1.50 | 46 0.37
2 2H 420 | 7_b ND | 11_2 <1 [ 19.2 <1 34 1.90 | 47p 0.77
3a ND | 7.6 ND | 12.6 1.50 | 20_2 3.70 | 35 ND | 49 1.30
3b ND | 7.2 ND | 13_a 1.40 | 20_6 140 | 36 140 | 49p 2.10
36 <1 |[8.a ND | 13_b 1.80 | 21_2 0.09 | 37 1.50 | 50 4.20
32 <1 |8b ND | 13_6 1.60 | 21_6 0.47 | 38 <1 |51 7.60
4 b ND |86 7.20 | 132 ND | 22 6 0.38 | 38-p 1.30 | 52 0.85
46 <1 (96 059 | 14.6 720 | 24 1.80 | 39 2.70 | 53 0.75
54 2.10




28

aeruginosa®} D. flos-aquae A|01E gt F& A=
AL V7| E5koL, M aeruginosal} D. flos-aquae
S202 Aofalr] SJsiAE NQ 400] 71 4

£ 9yl Y8l 25 S hantzschii, C meneghmta
FARZ= P. bipes©] T3} microplate assay=-

sisto] WSkt 1 Ay}, 25 S, hantzschi, C.
meneghinia®l] A= 49 dFE2 40] 50,
20, 10, 5 uM©] TEEo| A 80% o]Ake] Az art
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S UERilew, 2, 1 uM o W2 seoflie= A=
w37} AAS] WA (<80%) THET ofEEER
P. bipes] 7%, 1-a FE| 22-67FA]= 80% ©]A+9]
Ao EJJ— 2= =do] 719 Ilen, 265-¢ 54
H7HA 28 Fol= 5 pM o FrolA= 80% 1
AxavE 2= 2485 270 (NQ 27, 28)7t s
ot (Fig. 2).

2 AAE NQ 40 549 1 uM =4 M.
aeruginosa, D. flos-aquae+= 99.6%, 100%2] =4
W= "BH O S hantzschiiol A= 34.3%, C.
meneghinia, P. bipes & 0| tajx= 238 Alx
7} ZAE ATHE PRSI (Table 3). 24 27}

Table 2. Algicidal activities of synthetic naphthoquinone derivatives against Microcystis aeruginosa (ICso, half maximal

inhibitory concentration)

Compound | ICsy | Compound | ICso | Compound | ICsp | Compound | ICso | Compound | ICsp | Compound | ICso
no. (uM) no. (uM) no. (uM) no. (uM) no. (uM) no. (M)
1_a 990 |42 303| 92 ND |14.2 18.90 | 26 3.10 | 40 0.16
1b 768 | 5.a 7.88 | 9.6H 11.10 | 156 ND |27 0.53 | 40-p 1.70
1.6 089 | 50b 375 | 92H 34.60 | 15_2 7.00 | 28 3.10 | 41 7.00
1.2 0.46 | 5.6 0.66 | 10_6 41.30 | 16_6 7.80 | 29 37.70 | 42 0.76
2a 757 |52 0.56 | 102 4.70 | 16_2 17.40 | 30 7.90 | 43 4.20
2b 31.30 | 6_a 4.73 | 10_6H 9.50 | 17_6 6.30 | 31 15.30 | 44 2.20
26 091 |62 0.16 | 10_2H ND | 186 0.70 | 32 9.20 | 45 3.00
22 366 |7.a 3.67 | 116 4.50 | 196 9.40 | 33 3.50 | 46 0.66
2 2H 1272 | 7b 3.10 | 112 9.10 | 19.2 7.50 | 34 44.80 | 47p 1.80
3a 943 |76 0.64 | 12.6 7.40 | 20_2 38.80 | 35 9.00 | 49 0.22
3b 399 |72 1.64 | 13_a 4450 | 20_6 1.50 | 36 8.90 | 49-p 1.10
36 364 |8.a 3.37 | 13.b 14.70 | 212 0.32 | 37 7.70 | 50 3.80
32 062 | 8 b 593 | 136 ND |21.6 0.66 | 38 7.40 | 51 4.20
4 b 1.70 | 8.6 1.63 | 13.2 130 | 22 6 0.55 | 38-p 0.59 | 52 1.40
46 0.65| 96 ND | 14.6 16.80 | 24 290 | 39 19.20 | 53 3.10
54 0.71

Table 3. Comparison of algicidal activity of the naphthoquinone 40 compound on five different phytoplankton species
at the effective concentrations (ICsp, half maximal inhibitory concentration).

Naphthoquinone 40

Strain
1 uM Algicidal activity (%) ICs0 (UM)
Dolichospermum flos-aquae (CCAP1403/13B) 100 0.37
Microcystis aeruginosa (NIES 298) 99.6 0.16
Stephanodiscus hantzschii (UTCC 276) 343 1.7
Cyclotella meneghiniana (HYK0210-A1) -13 6.2
Peridinium bipes (HYJ0511-03) -75 13.1
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331 24 dei=y

AA| A EE S 7S AN At
Aol 28R AL Sl 25, WS, ofFol tist
o 7zt ojugt J3fS mX|=A] YotR A} ey
54 AR ES 0|85t A4EE s S
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10 9 20 uM) 9] FE2 HEste] 72, 48, 96417 &
oF AAE, AVE, SoA S stk 1 2Tk

S. capricornutum, D. magna, D. renio 2= &

3(1): 022-034 29

oA NQ 40229 24 AM-5%=<] 0.5-1 uM ©f
Ae S0 BEEA gtk 2 AEol tisto
ECso/LCsodk2 =53F 23}, S capricornutum (3.20
uM), D. magna (14.5 uM), D. renio (15.7 uM)ZE =
A=} (Table 4). wWeba], RHAYES. capricornutum,

D. magna, D. renioS 0183 NQ 40 £%19] Nel=
A AE AT 2H AL SroA FAEAHL =

Aoz gt
3.3.2 2tg HEH=Y &It

Table 59 Z¥= NQ 40 &3] A7|7F =4l
2= Y B7IsH7] 8l D. magnas NQ 40
E4o) 2197t e2AHE ) AHEE (survival rate),
3% (growth), H4] (reproduction)] "= F&=
el Ao|th 21952t 0.1, 10 pM ==2] NQ 40
E2 Aol Al AEE (survival rate)2 100%
o, 1 uM F=9] Ao Aut 1997 90%= 7+
253} AESE ofu| A =R A S4tb (first day
of reproduction)7}A] A& AI7ES o251} 1 uM

AL 7Y, 0.1, 10 M EEoA= sUE T E
glou], 21907k AR A7 Bl A AR
(accumulative reproduction)+= T 2o A= 505 7j
A, 0.1, 1, 10 pM SEo]A1= 7k} 500, 454, 385 7}
A2 W5l 26 D o) 438 910 2
Q3 gl 23U 7H40 2 &Aoo 7 TEE|Q)

Table 4. Summary of the ecotoxicological data of the naphthoquinone 40 compound used in the laboratory acute toxicity
test (ECso, half maximal effective concentration; LCso, half maximal lethal concentration).

Species Classification Duration / end point ECso, LCso (M)
Selenastrum capricornutum green algae 72 h / cell density 3.20
Daphnia magna water flea 48 h / survival 14.5
Danio rerio fish 96 h / survival 15.7

Table 5. Survival, accumulative molting, body length, and accumulative neonates of Daphnia magna after 21 days of

exposure to specific concentrations of naphthoquinone 40 (mean = SD).
Concentration of Survival Accumulative Body length Accumulative
Naphthoquinone 40 (uM) (%) molting (mm)’ neonates
0 100 82 3.91 + 0.12° 505
0.1 100 87 3.88 + 0.25° 509
1 90 77 4.03 + 0.11° 454
10 100 79 3.87 + 0.25° 385

"The different letters (a, b and c) represent significant differences by one-way ANOVA test (n=10, P<0.05).
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21Y Fot 2y =4 314 (accumulative moltings)+=
1,1, 10 uM sof|4 22 82, 87, 77,
Ak 2E Aol tiste] st

A F=5 3 on7iA| 4ol (body
length)E& =43} t} (CellSens program, Olympus
America, Center Valley, PA). 71 A1}, tj=7 (3.91
% 0.12 mm), 0.1 pM (3.88 £ 0.25 mm), 1 uM (4.03
+0.11 mm), 10 uM (3.87 + 0.25 mm)2 2|

oul, §elHel Aol I3l (Table 5).
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capricornutum), WS (D. magna), ©15 (zebrafish)
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e L W) 9t AT AL a5
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