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Isolation and properties of antifouling
substances from the seaweed Ishige sinicola

and Scytosiphon lomentaria

Ji-Young CHO

Department of Biotechnology and Bioengineering, Graduate School

Pukyong National University

Abstract

Twenty-seven species of common seaweeds from the coast of
Korea have been screened for antifouling activity. The seaweed
extracts were tested in laboratory assays against the marine
fouling green alga FEnteromorpha prolifera and the blue mussel
Mytilus edulis. Spore settlement of the E. prolifera were
inhibited by the methanol extracts of the seaweed Ishige sinicola
(= I foliacea) and Sargassum horneri. Spore settlement was
strongly inhibited at extract concentrations as low as 30 yg mL !
for I sinicola and 120 ug mL ' for S. horneri. Repulsive activity
of the mussel foot was completely inhibited by the methanol
extracts of the seaweed I sinicola and Scytosiphon lomentaria at

each concentration of 40 ug per 10 pL drop to each mussel.
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Their extracts also showed strong antifouling activities on larval
settlement with no settled spat and only 6% settled spat,
respectively, at a concentration of 0.8 mg mL .

And then I have isolated the antifouling agent against E
prolifera spore settlement from I. sinicola methanol extract and
against mussel foot repulsion from I sinicola and S. lomentaria
methanol extract by chromatography procedures: silica gel
chromatography, gel filtration chromatography and HPLC. At first
[ have isolated antifouling agent from I sinicola against E
plorifera spore settlement. 1 obtained one fraction from silica gel
chromatography using chloroform:ethylacetate = 3:7 elution. This
was loaded on sephadex LH-25 gel filtration column using 100%
methanol as eluant. Two mL fraction was collected at a flow
rate of 0.5mL min '. Fractions 72-78 were collected for future
purification. This fraction was injected into reverse phase CS8
column using HPLC. Chromatography with linear gradient show
a single peak of antifouling agent with 60% acetonitrile.
Structure of this antifoulant was analysed by GC-Mass
spectrum. From the result, it was revealed as di-2-
ethylhexylphtalate. Spore settlement was strongly inhibited at
concentration 0.1 mM by di-2-ethylhexylphtalate isolated from
1 sonicola.

To measure the stability of antifouling substance, the purified
substance was pretreated with various phsico-chemical agents,

and the remained activity was measured. Antifouling activity was
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decreased when the substance was pretreated in acidic condition,
while the other treatments of heat, light, alkali and salt did not
effect the antifouling activity. To measure toxicity of antifouling
substance, the purified substance was assayed against phyto
~plankton Isochrysis galbana and Tetraselmis suecica, macroalgae
Pterocladia tenuis and Enteromorpha linza spores and zoo-
plankton Artemia salina. 1.Cso values of di-2-ethylhexylphtalate
against I galbana and T. suecica were 03 mM and 05 mM
respectively and LCso against P. tenuis and E. linza spores were
03 mM and 1 mM. LCso values of this against Artemia salina
was 5 mM.

Secondly I have isolated antifouling agent against Mytilus
edulis from 1. sinicola as the same method like above. I obtained
one fraction from silica gel chromatography using ethylacetate:
methanol = 6:4 elution. This was loaded on sephadex LH-25 gel
filtration column using 100% methanol as eluant. Fractions 82-88
were collected for future purification. This fraction was injected
into reverse phase C8 column using HPLC. Chromatography with

linear gradient show a single peak of antifouling agent with 45%

acetonitrile. Structure of this antifoulant was analysed by
GC-Mass spectrum. From the result, it was revealed as butyl-
carboxylmethyl 2-butylphtalate. Repulsive activity of mussel foot
was completely inhibited by the butylcarboxylmethyl 2-butyl-
phtalate at a concentration of 2.5 mM.

To measure the stability of antifouling substance, the purified
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substance was pretreated with various phsico-chemical agents,
and the remained activity was measured. Antifouling activity was
decreased when the substance was pretreated in acidic condition,
while the other treatments of heat, light, alkali and salt did not
effect the antifouling activity. To measure toxicity of antifouling
substance, the purified substance was assayed against phyto-
plankton I. galbana and T. suecica, macroalgae P. tenuis and
E. linza spores and zooplankton A. salina. LCs0 values butyl-
carboxylmethyl 2-butylphtalate against I galbana and T. suecica
were 0.5 mM and against P. tenuis and E. linza spores 0.3 mM
and 1 mM respectively. LCs0 values of this against A. salina was
5 mM.

Thirdly I have isolated antifouling agent against Mytilus edulis
from S. lomentaria as the same method like above. [ obtained
one fraction from silica gel chromatography using ethylacetate:
methanol = 4:6 elution. This was loaded on sephadex LH-25 gel
filtration column using 100% methanol as eluant. Fractions 91-97
were collected for future purification. This fraction was injected

into reverse phase C8 column using HPLC. Chromatography with

linear gradient show a single peak of antifouling agent with 25%
acetonitrile. Structure of this antifoulant was analysed by
GC-Mass spectrum. From the result, it was revealed as
dimethylcyclohexane ethanamine. Repulsive activity of mussel
foot was completely inhibited by dimethylcyclohexane ethanamine

at a concentration of 0.25 mM.
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To measure the stability of antifouling substance, the purified
substance was pretreated with various phsico-chemical agents,
and the remained activity was measured. Antifouling activity was
decreased when the substance was pretreated in acidic condition,
while the other treatments of heat, light, alkali and salt did not
effect the antifouling activity. To measure toxicity of antifouling
substance, the purified substance was assayed against
phytoplankton I. galbana and 7T. suecica, macroalgae P. tenuis
and E. linza spores and zooplankton A. salina. LCso values of
dimethylcyclohexane ethanamine against I galbana and T. suecica
were 3 mM and against P. tenuis and E. linza spore were 3 mM

and 5 mM. LCso values of this against A. salina was 10 mM.
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Abstract

Twenty-seven species of common seaweeds from the coast of
Korea have been screened for antifouling activity. The seaweed
extracts were tested in laboratory assays against the marine
fouling green alga Enteromorpha prolifera and the blue mussel
Mytilus edulis. Spore settlement of the E. prolifera were
inhibited by the methanol extracts of the seaweed Ishige sinicola
(= I foliacea) and Sargassum horneri. Spore settlement was
strongly inhibited at extract concentrations as low as 30 ug mL™*
for I. sinicola and 120 pug mL " for S. horneri. Repulsive activity
of the mussel foot was completely inhibited by the methanol
extracts of the seaweed I. sinicola and Scytosiphon lomentaria at
each concentration of 40 ug per 10 uL drop to each mussel.
Their extracts also showed strong antifouling activities on larval
settlement with no settled spat and only 6% settled spat,
respectively, at a concentration of 0.8 mg mL '. This work is the
first stage towards the development of novel antifouling agents

from marine macroalgae.
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d A HeEHe gAas EHozr A4 Mulolu AR 18
ol Weol 3 AdAste stAg A (Enteromorpha prolifera)®d 7
THA (Mytilus edulis)& o2 3dlo] K ulx] a2 ey

g49e 204 A
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Ne the Aeoq $As] A2 T BAste] B whSo] ~20Tof
st Apg-at

Monostroma nitidum, Enteromorpha linza)¥ 2 %% 13% (Ecklonia

q_
;3
:1

x5 4% (Codium fragile, Ulva pertusa,

cava, Sargassum thunbergi, Sargassum confusum, Ishige foliacea,
Undaria  pinnatifida,  Sargassum  sagamiaum, Scytosiphon
lomentaria, Colpomenia bullosa, Colpomenia sinuosa, Sargassum
horneri, Endarachne binghamiae, Kjellmaniella crassifolia, Hizikia
fusiformis)™ &% 10%F (Grateloupia prolongata, Gigartina
intermedia, Symphyocladia latiuscula, Hypnea charoides, Porphyra
yezoensis, Grateloupia turuturu, Pachymeniopsis elliptica, Chondrus

ocellatus, Carpopeltis affinis, Corallina pilulifera)& Aoz ZA}s}H
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CollX methanols FLA|A AASH
FEEEY 40 mg Z methanol 1 mL %9 v gz 7}l
22 (m filter2 o] 3}3le] -20Col| A B3t HA] AFo) A}&35}

I
& AT F FHF 1 mL ¥E&E Hrshed

o AFHE Gtk ol RS 37CoNN AFXAA 40 gD FHF
1 mL A v&Z 718l %59 & 022 mm filter® o385t 20T oA
BAstEA AP AR (Fig. 1-1).

Mo

¥z KA g bioassay
AMEF FEEY FF U2 aHE fEAQ B FzEol sha

st} (Enteromorpha prolifera)E Ao 2 AHLS slA . 7hA] 9
&

O

AMN ddd ddAgE AT F

Aol Y 80umd m* s’ 20C wi%7)o] Yo EaWEL

=39t (Fletcher, 1989). &9 I 22 PESH| R o] HEA| 7)1
FEES 425 uL (40mg mLY) Yol & 1 mLo]l %2 24 well
plated]l HZE3tA k. Well plated slide glass (1X25 em)E A9 A

Wil 971E 6417 3 20T oA wiekskder. Glass (1X05 cm)el



PRE TAFE FEEL P4 G welld 2RY EAECA o

3 FEEE HTT welld &3 ISR S/Co Ad o=

Foot-stimulating method& o] &3 AFgXx 9 RAA & 7
Hiol g F2AAs aos Agsty] A HEAA RHF
AFT A (Mytilus edulis)E A8gete] A&Fstg
method (Hayashi and Miki, 1996)5 ©]&3%t}. Foot-stimulating
methode T3 Zth 2FEA 9 HzbEs AlAs e 5-1087 S
of &-o] Tk sizhe WY g w39 g 10pL o HFE 9
ojree] gl FHEEES YEhE MAlE AYAI T fx2F F&
L 4 o] Wojme] $HoRE e a1 Ax
75 S sk AATE AA AAFE ro] WiEs R Uro]l 1
75 29S dehidth 4 Ade A3 ariel gxE Agstd]
Aok AAste] HXE doR CuSO; sE¥E vhg A 3
At CuSOs= S1&alisel s|AsiA Abgsldon A9 gi &
100%7F F=stE d €223 5% RDIOO (repulsive dose 100)3 50%

a1, foot-stimulating

e

[

i
(1t
ja!

oot

7V &shE o] 223 5% RD50 (repulsive dose 50), 18l1 433}
2] g HJ9 F% MNRD (maximum non-repulsive dose)& T3}
o AR 22 HAIZE 2 A vlE) Rzst R & AAe] He-
7F b8 #e debisich FAabe] zpdatel] wls) B S wizbeln w
= FEANE 752 HAFU} (Table 1-2). 22fA] F2ite] 45+
0.2 cm 7NAE AH&-3te] foot-stimulating methodZ 2 A|etch 28
oA FEE A AR S48 918 RDI0 %9 CuSOs&
2
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2395 A Y&y 39l
Foot-stimulating  methodell 4]  F2AAsfa}7F  100%< 1g
(Seytosiphon lomentaria)9t 9 (Ishige sinicola) 258 AM&3}o]
gelstdnt AFdAE fFAL AF FA
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om, 7% 55 cm 2

=2
==
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F oA AT
3k

o] Hatolng
R AR A
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EPERETE
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petri—dish®

of 242 7}
%d o 7+ petri-dish ©|A]¢]

3

sbe) ape] RaAs i
200 pg mL '9] FEA
EE

S Aoz A g
el
E
(Ulva pertusa)
), R

AN ER)
-

*FE
%°] methanol F+&&
T 2 s}

(Sargassum horneri)

3] Z
(Corallina pilulifera)

27%2)
gt 27
4899 A3

2 4 o] 5 2}y

wae &9E
Ko

sinicola),
22t &4k

(Ishige
(Chondrus ocellatus)
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(Pachymeniopsis elliptica)®] F&&°] WZ7d Bla] 7}A a9
FAR-2E 40% ol3tR Assle Aoz dEykoen o F |

FEEL 2%E Mg & FAA3 23S et (Table 1-1).

= FEEe A¥e agdu F2EAA 43%9 A& guE gl
stdct. EAEA Aol 7Hg At L dWuel B Ao majute)
methanol FE&& ¥ % ZhA kel 22} el ik S v

wWet Ay Hul 58S 30ug mL ! B RN FEEL 120ug mL ]
o FEA AR EA B IS Axstgon] z1zte] s o
ZFtol Hlal 18%, 39% S AlstE Aoz el (Fig. 1-3).

Foot-stimulating method& ©o| 3 AFE Ao A=+ &7

AxF FEE AFER g L2z 348 AFsy] 93
A gAY footell WT FF A3E APagch AP Aga
methanol®] ¥, % 1 p¢I/EA® & 5% 95 nAx &8 @9l
A3, FEFE 1 pL (40 mg mLHE B¢ 815 10 pLol ko] 5%
40 pg mL'Z AFg-ESth S Z2F 9 methanol 33
o) 7F 40 p/EAS S 100%9) 235 Jehy el (Ecklonia
awa)@t 1Z2H 71 (Colpomenia bullosa) 94%°] 2 JeERRAGH

(Table 1-3). 84 F&29 4% EA712 (Colpomenia sinuosa)®

MN'
il
ol
o
=2
rir
i
£
5]

% (Hizikia fusiformis)ol X 40 ug/EA2) 39 zHzt 60%, 50%°) &=
methanol FZ& H]3] w2 a3= et (Table 1-3).

JFEA FA did FFAS &3
Foot-stimulating methodol A 7} =& 32 Holy Y ujol 1) u)

of RAWA 57k U3 A AFDA] G4 oo v



of MlX= A4S QA3 Whatman paper® #7222 AIL519
ow, el mEju] FEFEEL Az SuE FLAHOW o]AL
petridish (55X12 mm)oll ¥ 3t FAE 45-60vte] 4 ¥-F3ke] 20T
A 49 w3 B s skt 2 23, W9l methanol
8 mg mL 9 FEolX 100%°] R4 &S Uehdm
B mg mL 9 FEolAM 94%, 16mg mL 12 FEelA 100%2)
F2A s g3%5 YRR (Fig. 1-5).



Table 1-1. Effect of seaweed extracts on spore settlement of the
green alga FEnteromorpha prolifera. Antifouling activity was
expressed as percentage of the control. Data are the mean *+
SD from three independent assays. * Significantly differnet
from control at P<0.001

Species Reactivity
MeOH Water

extract (40 ug/1048) extract (40 ug/104¢8)

Chlorophyta

Codium fragile 78£8 7113
Enteromorpha linza 55+3 108*=15
Monostroma nitidum 771+E5 57=4
Ulva pertusa 367 84+ 20
Phaeophyta

Colpomenia bullosa 41+3" 697
Colpomenia sinuosa 485 56+ 12
Ecklonia cava 667 74%1
Endarachne binghamiae 45+1 96+3
Hizikia fusiformis 597 70x£2
Ishige foliacea 23+2° 69t 4
Kjellmaniella crassifolia 7715 7510
Sargassum confusum 673 59*8
Sargassum horneri 36+ 50%5
Sargassum sagamiaum RRESN 56+5
Sargassum thunbergil 74*=9 6314
Scytosiphon lomentaria 7139 43+3"
Undaria pinnatifida 80*%7 74+18
Rhodophyta

Carpopeltis affinis 6618 76L3
Chondrus ocellatus Rl 76+ 2
Corallina pilulifera 34+3" 88+13
Gigartina intermedia 50£8 61=10
Grateloupia prolongata 95+11 51+2
Grateloupia turuturu 96L11 50=*10
Hypnea charoides 45%2 57%3
Pachymeniopsis elliptica 365 97+ 4
Porphyra yezoensis 4810 74£5
Symphyocladia_latiuscula 50L& 74+15




Table 1-2. Comparison of repulsive activity by size and growth
condition of the mussel Mytilus edulis. Cupric sulfate was
used with a 10-fold serial dilution in artificial seawater. The
repulsive concentration was determined from the dose-response

curve against cupric sulfate concentrations

Group Cultured mussel Wild mussel
1 2 3 1 2
Shell length (cm) 2.5+0.3 33x02 45%02 21£03 31%03

Shell length (cm) 1.1+0.2 15204  20.=z03 09*02 12703

RD 100 mg mL ' 10 100 1000 10000 100000
RD 100 mg mL '05 05 50 500 5000
RD 100 mg mL ' 0.001 0.001 0.1 10 10

ﬁlO_



Table 1-3. Effect of seaweed extracts on foot repulsive reaction
in the mussel Mytilus edulis. Repulsive activity was expressed
as percentage of contracted mussels against tested mussels.
Data are the mean + SD from at least 50 individuals for each
test using 10 gl drop. *P<0.001 as compared to control

Species Reactivity
MeOH Water

extract (40 ug/104¢) extract (40 we/10u4f)

Chlorophyta

Codium fragile 76=%1 1
Enteromorpha linza 74*2 3441
Monostroma nitidum 84+6" 34+1
Ulva pertusa 40%2 1
Phaeophyta

Colpomenia bullosa 94+1" 0
Colpomenia sinuosa 34x1 60+2
Eckionia cava 94=18" 10
Endarachne binghamiae 163 0
Hizikia fusiformis 42E2 501
Ishige foliacea 100 20*1
Kjellmaniella crassifolia 56t1] 20%1
Sargassum confusum 50*5 0
Sargassum horneri 24+2 0
Sargassum sagamiaum 54t] 10:£2
Sargassum thunbergil 164 1441
Scytosiphon lomentaria 100 0
Undaria pinnatifida 40+4 10
Rhodophyta

Carpopeltis dffinis 20%1 0
Chondrus ocellatus 66 L2 0
Corallina pilulifera 28+ 1 0
Gigartina intermedia 12£1 0
Grateloupia prolongata 38+3 20*1
Grateloupia turuturu 661 0
Hypnea charoides 62%1 4
Pachymeniopsis elliptica 34 14
Porphyra yezoensis 52E72 0
Symphyocladia latiuscula 822" 0
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| Sample (20mg) ]
l

[ Add 1 ml of methanol ]

[ Extract at R.T. for 1 day —I

Transfer the methanol-fraction

to a new tube

[ Remained tissue powder ]

Add 1 ml of
distilled water

IExtract at R.T. for 1 dayl

l

Transfer the

water—fraction

to a new tube

[ Determine the weight ]

Stock solution of

water-soluble

extract (40 mg/ml)

l
[Dilute with distilled water]

Filter through a 0.22 m

micron_syringe filter

I Use for screening ]

evaporate methanol under vacuum
for 4 hr at 30C

[ Determine the weight ]

[

Stock solution of methanol-soluble

extract (40mg/ml)

| Dilute with distilled water ]

Filter through a 0.22 gm micron

synnge filter

Evaporate water under

vacuum for 4 hr at 30C ’

L Use for screening l

Fig. 1-1. Procedure for preparing methanol and water extracts

from seaweed tissues.
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(A)

(B)

Fig. 1-2. Foot of the mussel Mytilus edulis used for foot-
stimulating method (A), original foot (B), contracted foot.
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Fig. 1-3. Effect of methanol extracts from the seaweed Ishige
sinicola (O) and Sargassum horneri (@) on settlement of the
Enteromorpha prolifera spores. After 6h in the dark at 20T,
numbers of settled spores were counted and expressed as a

relative rate.
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Repulsive activity

Concentration (4g)

Fig. 1-4. Effect of methanol extracts from the seaweed Ishige
sinicola (O) and Scytosiphon lomentaria (@) on foot repulsive
reaction of the mussel Mytilus edulis. Repulsive activity was
measured with a 10 ul. drop to the mussel foot, and expressed

as a rate of contracted mussels against mussels tested.
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Fig. 1-5. Antifouling activity of methanol extracts from the
seaweed Ishige sinicola () and Scytosiphon lomentaria (@)
on settlement of settling-stage larvae of the mussel Mytilus
edulis. The settlement rate was expressed as settled spats

against settling—-stage larvae added.
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A2 Q@ FE2E25YH 7HA T g%

L= i =) L=
e Hg 2 54

Abstract

I have isolated antifouling agent from I sinicola against
E. plorifera spore settlement. 1 obtained one fraction from silica
gel chromatography using chloroform:ethylacetate = 3:7 elution.
This was loaded on sephadex LH-25 gel filtration column using
100% methanol as eluant. Two mL fraction was collected at a
flow rate of 0.5 mL min". Fractions 72-78 were collected for
future purification. This fraction was injected into reverse phase
C8 column using HPLC. Chromatography with linear gradient
show a single peak of antifouling agent with 60% acetonitrile.
Structure of this antifoulant was analysed by GC-Mass spectrum.
From the result, it was revealed as di-2-ethylhexyl phtalate.
Spore settlement was strongly inhibited at concentration 0.1 mM
by di-2-ethylhexylphtalate isolated from I. sonicola.

To measure the stability of antifouling substance, the purified
substance was pretreated with various phsico-chemical agents,
and the remained activity was measured. Antifouling activity was
decreased when the substance was pretreated in acidic condition,
while the other treatments of heat, light, alkali and salt did not
effect the antifouling activity. To measure toxicity of antifouling

substance, the purified substance was assayed against phyto-

_17~



plankton Isochrysis galbana and Tetraselmis suecica, macroalgae
Pterocladia tenuis and Enteromorpha linza spores and zoo-
plankton Artemia salina. LCso values of di-2-ethylhexylphtalate
against I. galbana and T. suecica were 0.3 mM and 0.5 mM
respectively and LCs0 against P. tenuis and E. linza spores were
03 mM and 1 mM. LCso values of this against A. salina was

5 mM.
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A =

T

FAgEe Mutel EWol ¥astel A o) A AFE F/HAA

I HE fFEATlE ddo] Hrle @t w oge
=2 AA FAdolv o FuwA 2ol Mg o &

Aol BES =gAlE Joh (A, 1998). o123 EAHL HAs
12b TBT (tributyltin) 33E& AH&st AW, TBT 3¢ &0
HFB o Tl Aoz vehy o] el TBT 33E A4
S A3 At (o], 1998). TBTE HE F% G5 g LYAME
sl e AdS AA AlF B olyet 2 F ¥R wolE
AAAZI= Aer Ruea gtk (Sidharthan, 2001). whebr o] o]
7r9] allellochemicalE & ©] &3}
A e sds A&t stk (Suzuki et al, 1998). ol
g Agdd 22E ¥R dzRrr %ol Hugz n
(Rinerhart, 1981, Lincoln et al., 1991; Cannell et al., 1993). =1 &
of F7F HE A7 Felolz B, ¢ 2, dujojy s B,
A, AAAE Foll w3 Zleln, 2L FH Mg
of g% o] o] Hu A} (William et al, 1994; Hideki et
al.,, 1997, Matsukawa et al, 1997, Takanari et al., 1997,

L
10{_‘
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Matsubara et al., 2000; Jeong et al, 2000). @M 7t2| ) 2E ZHE
&R ga97F Qe EAJdE Sargassume natans®  tannin
Rhodomela larix®] bromophenol, Dictyota menstrulais®] diterpen
Delisea puichra®] halogenated furanone’} ¢## it}
AT e FRAE o oprlsEE FEAldd AWste, &)

FRAol BAZL AA e REA WA Fe ¥AL GHP 2

’

b

. brown algae?l W= (Ishige sinicola)®] #=&E0)] R AAs 7

#E dehle AS @A HAth 9@ HeaaRg spA s

(Enteromorpha prolifera)?] &8 Asjste= e wogzan =
SRR 2RAE FE, AAstY FERE XStz dgon, 2
Hold £dE59 &%, pH, ¥, 282 gol 3 kA F 7| e
AE st 54 HAE AA s

As D 9y
Sl A3

AARE dT du FALAA WAE AAstd Gz AR

o] Aeold g8 AxAZ ThE BHake] ALY (Fig. 2-1).

e FES FEARFE Eohth ol& 33 whEdle wE
¥ 37CoNA methanols FHAIA AAAL o] dxF FEE50
40 mg Z methanol 1 mL 4 H|&=Z 7}t %9 F 022 m filter2 o
Hete] —20CAA BastEA dao Ag-skdct (Fig. 1-1).

%)
10
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¥z B )3 bioassay

Sl FEE FF 3 a¥e guEHed 2F HxrH F =E2F

{1 ZFAlge) (Enteromorpha prolifera)E W3 o2 A8L st}

W HEAQ A g A oA Ayete] A¥de @

Rkl 224 szA g EHFIAY B F, B2Ea

k7] AEAM 25u HYE 18 o 33 wEa 3

WIS A AU 1% betadine 2 2% triton X-100 & Ao 15

L AANAA DS dFAeE A7 F vk AFxAZHG v Az
FAE FdsFel ¥ 80 uml m? s 20T WA gl

&S FETh (Fletcher, 1989). &9 X A4S PESulR| o] &

¢
N

(i

H

BAZIE FEES 225 4L (40 g mLY) ¥ol & 1 mLo] Hx

= 24 well plateol] HEsFAth Well Yol slide glass (1 X25 cm)E
ARA B 712 6A1 B 20T oA vigEtdch Ex e
of FAAE glass (1X05 cm)ol] H&3teE ¥z Razdge 228
S BA @S welld BRI} TR B FEHES HEI

welloll F23 Z24(S)2 S/C 4o gtos #A 89t

=7l o3 ¥+

S 2FE JpA g 22 A oA BEAS Felsly] 9ste] 94
F71 8 E AHEste] S e 288 wEY. ol szFo
vl P E& 419 HEE Yo FEIHL o|AS st
g A (fraction A)¥ =HA 94> A (fraction B)O.& FR3}1
fraction B ethylacetate® FZ&39t}. Ethylacetate 282 o34
7 ZA} (fraction 1)9} oJ2}9 (fraction M) UF2Ath Fraction A

v OAE ¥ V10532 SN 2 M HS0E o] gsto] Ak 3
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AZH o™ chloroform®. 2 33 F%3&9th Chloroform =& Z=uhA#A
fraction M2 &2 3}3, aqueous acid®< NH,OHE pHE 1002 A A3}
o] chloroform®.2 F%3t9t}. Chloroform®& Z¥rA)A fraction IVE

< FYAAH MeOHZE %3+ Fraction V&2

=
©

8}%9 1, aqueous basic

stel Zh7ke] B4E BAGAT (Fig. 2-2).

718 v g g%

gA4dol veRd fraction & F71€" Z petrolem ether, hexane,
carbon tetrachloride, ethylether, chloroform, methylene chloride,
ethylacetate, acetonitrile, butanol, iso-propanol, ethanol, methanol,
DMSO, waterdl] et &3 £5 TLCE o] g3t dolm gttt TLC
platec] W& FEE 49 10 ¢L ¥ Ho} 4FF9 718w &
Zp2h Abgste] 8 em7bA] HAARAIZ F spot BRI 2 en Ao
7O F 5 fraction® 2 Wity Zhzbe] RRE0 7S A} 83}
eppendorf tubed] ®-& F 1 mLe WELS Hrlste =k A4

238t M= eppendorf tubedl A& gt mo} 71ZAI7) F A

A5t o,

Silica gel column chromatography

=4 B2 A¥dA o™ fraction M EIAWDS gilica gel
chromatography& o} 83t R 284t Silica gel (70-230 mesh)
& hexaneS &v|Z 3}l packingstth fuls TLC 232 uper
2 =2 chloroform, ethylacetate, methanol& A}&3t9 o™, CHCls
10:0, CHCIZEtOAc = 82, CHCIZEtOAc = 614, CHCls:

4:6, CHCIZEtOAc = 377, CHCIZEtOAc = 2:8, CHCly:

EtOACc
EtOAc

i
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EtOAc = 0:10& <33 o2 Bgste] FAHL sty w3
EtOAcMeOH = 82, EtOAcMeOH = 64, EtOAcMeOH = 46,
EtOAcMeOH = 2.8 MeOH & «AH oz Zanuywx 249
th ZkZbe] fractiondl M &mE AZXAZ ¥ 4L By}

Sephadex LH-20 gel filtration

Silica gel column chromatography % &4o] 7}% £< fraction
(CHCIzEtOAc = 3:17)& ©g @AYl A sephadex LH-20 (Parmarcia,
25X800 mm) gel filtrationol 3 FAct EoiEE 100%
methanolS ©] &3l i, flow rates 05 mL min ‘2 3sg o zt

fraction@ 2 mL % 225t}

HPLC

Sephadex LH-20 gel filtration® 33 F &4 BE (fraction
72-77)& HPLC C18 reversed phase g Bondapak column (Waters,
39x300 mm)ell X839 linear gradient® 0-100% acetonitrile2
100% &< %4 1 mL min "2 £% A71WA 220 nmoll A 71 &%
=28 A SAsATh 1 F g4 REQS T oA g A
HPLC C8 reversed-phase column (Nova-Pak, 3.9x 150 mm)ol] 40%
acetonitrile® 15 &<t AH g Foll 2834 linear gradientZ
40-70% acetonitriles 60% &<t AAIeHAH. Flow ratex 1 mL min '

% 3HFem 220 nmol A S8t HFEHoz P

I:Llol'
mlm
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GC-MASS #4

HPLCel A &4 5% (acetonitrile 5 60%)%HS 3¢t 70 2A]7)
¥ methanoldl %<2 Thg 1 mgg GC-Mass Ao AF&3t9lc) 7]
A AzntE oo AR 2 HP-5 (Hewlett-Packard, 30 m
X025 mm>0.25 m)E A& o oFd 7AE LFS AMEs)
A3l flow rate= 0.6 mL min 22 238 FdW (1:50) Ap&stg
o FATY £xE 230To)n Zgel 27] 5= 100CH o9 o
oA 283 FAF F 4T min 'Y £EZ 150C7A AL A7)
I G 7C min 'Y £ER 250C7HA FLAAAM 68 FAAA
t}. Ion sourcex= electron ionization mode® M 280°Col Al 70 eVE A}
&3t} (Table 2-4).

2~

Di-2- Ethykhexylphtalate?] 7}A| 5 £ R3] o3t

T 9%

IS ZAE 7] fEte] 94 dAE YA F oAz A

Aok vizd dele dasieol Wi 80 uml mP st 20T v

719l ¥o] xALEE T3ttt (Fletcher, 1989). W&d xx2
7] A2 TEHE Yo F 1 mLo) HXE

=
= 24 well plateo] HE 3t th Well plateol slide glass (1 X25 cm)

T AEA Y2 4712 6417 B9 20T A wikstg Tk Glass
(I1X05 cm)oll 23 ¥24(S)E W24 24 &L wello] &
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FRAH EAe) & - 5154 A

A3 gbElel] tigh A S dotr ] Hste EEE FAAE E
2ol IN HCI3} IN NaOHE 7} 3te] atF%5¢ Ao »nad
¥ pH 7022 F3A F &498 dolrglih Dol 3l S
B71918ko] 1A13F &<t boilling 3t 3, Roll thit kYA S doln
71 A E35 L (40 pmd m® s HT AFAF (200 pmd m? s,
UVA (4 Kjoule)oll Ztz} 1A1F ¢ =& A A =3 dofl i3k <k
B4& &8t fstd 2w vE AT FE Hobsle stEES

AeolH wEd §F @ AAsn #4L Bdak,

of
ko
e

A9 4 A

HAAbE HEEYaES TESHAE, 182 H2F £

do
4t
ox

 dde® AAGAT. AEHEFAES o] HEZ P &3
A5 = Isochrysis galbana$®}t Tetraselmis suecica® A}§3ta] 2
AT F/2 wiAel Zb2bg 25%10° cell mL Y, 1.2X10° cell mL *
FEE 96well plate®] well & 200 ¢L¥ EFstu Fzd EIL
FTEEE HUEste 18TeolA 44zt widd F 21249 cell 2 A

=3t LCso S F3lgo. slxzE o= Txgo pew

(Pterocladia tenuis)®t “Z7% Y3l (Enteromorpha linza)9 3*
g AHE ST PES wiAle] Z2hs 96 well plates] well F 100
MY FFsta deld BEES FEREE HUbste] 18TolAM 493k

gt 3 247Ho cellrE AFEd. EI FEZHAAEY gigh
= HY LS Artemia salina S Ao g2 AA AT Artemia
salina 45 ol 9ol well & 30-40 7NA X BEFEsn 2ad

wdE FEME HUbste] 25TolA 4dzF wids §F 535 A
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i
)
Ao
_?_\_t‘
2
o

2 3}

el wet We FEES Eestd XA B gy anE &
g A3}, fraction MoA &Ado] ZetA vhelwdo), waba] 229

A GANAM FZFE (methanol: water = 4:1)& ®Z3}4 chloroform

ow Zzeta Relsct

31:

71 gvlol M ga%

ggdol veld YWl fractiong TLCE o] &3] petrolem ether,
hexane, carbon tetrachloride, ethylether, chloroform, methylene
chloride, ethylacetate, acetonitrile, butanol, iso-propanol, ethanol,
methanol, DMSO, watere] o3 f)=2 dolrngrr 1 AF
hexane, carbon tetrachloride, waterlA= =% &% methanol,
DMSQOoll A= 2 =kou ethylacetate, acetonitrile o= ZF =

Ay 2 2 o= 222 FEEAUY (Table 2-2).

rr
it

Silica gel chromatography

TLCY ZA3}E vl®g o2 Silica gel column chromatography ] & uj

+ chloroform, ethylacetate, methanol2 A &j&to] 7} f2ufo] uj &L

gyt dE AAS YA B A DAl A 84S e
o

A fraction I & silica gel column chromatography& ©]&3ts t}
& @49 #e g T8t on, CHCI3EtOAc = 37914 4o



Rt

Sephadex gel chromatography

Silica gel column chromatographyE &3 & #xo| 713 &
fraction (CHCIZEtOAc = 37)& thd @Alol M sephadex LH-20 gel
filtrations A3t &F &9= methanols A1&3tE oM flow
rate 0.5 mL min', 2} fraction ¥ 2 mL 4 ®Zsglon 72-77

fractionol| A &-d o] vreRt).

HPLC

Sephadex gel filtrationol A &Ajo] Q&= RES 1 oAz 13
HPLC “4elA xBondapak Cl18 reversed-phase column (Waters,
39X%300 mm)E AFE3FS] linear gradient® 0-100% acetonitrile$
1008 5 F%4 1 mL min '8 #§3}o] 65% FEo|A o] g

e wdstd . 23 HPLC Aol 6023 40-70%

rr

acetonitrile % Tl & A28 flow rater 1 mL min '8 ¥
28tttk Fig. 2-4 o] R A3 o] acetonitrile $% 60% o
A BERER g7 Jebgth g2 2 spA gele] R ael e

o) ¥e)9L Fig. 2-65 )

GC-MASS #4
T A% Fig. 259 #2 spectrum®® e on RBzige
SOMW = #1=] ]t} o] B2 di-2-ethylhexylphtalate® (Fig. 2-6),

dxe) RAAsolE Lo hehigch
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T 9%

ZhAlske o] 79 di-2-ethylhexylphtalate ©] %% 23 An o
ZroAME 87%9 HFHES Rol= whA  di-2-ethylhexylphtalate
= 001 mM &=l 40%°] F&HES Jehdlz 01 mMe 43¢
13%°] ¥H&& ety

Hegde) gol - e hyHe HAskrl st pH, P, Y, o
¢ Azl S FAsA 1 A% o) BAL e zy
3 2

I ol oaf kA

e
)

1. galbana®t T. suecica®ll & LCso gte z+z 0.3 mM, 0.5 mMo]
RN, AMEFLA P tenuis E. linza®l EA ] tisk LCso gt zHzt
03 mM, 1 mM=z YERY. =3 52 E2FAEA A saling 3%

= 5 mM=E =5
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Table 2-1. Property identification of the fractions separated by
procedure for extracting and fractionating into different classes
according to property

Relative rate of

Fraction Elute color spore settlement
I brown 1.61
I dark blue 0.29
I dark brown 0.20
v dark blue 0.44
A% light brown 0.4
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Table 2-2. Solubility of the methanol extract from Ishige

sinicola by TLC. Rf value was expressed by active spot on the

developed TLC plate

Solvent Rf values
Petrolem ether 0
Heptane 0
Hexane 0
Carborn tetrachloride 0
Ethyl ether 0.25
Chloroform 0.45
Ethylacetate 0.85> 04
Acetonitrile 09> 05
Buthanol 07> 0.3
Iso—propanol 0.75
Ethanol 0.7> 05
Methanol 09
DMSO 0.8
Water 0
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Table 2-3. Silica gel chromatography of the Chloroform extract
(fraction 1)

Relative rate of

Fraction Eluting solvents Elute color
spore settlement

1 Chloroform brown 0.82
Chloroform:Etylacetate

2 brown 0.85
= 82
Chloroform:Etylacetate

3 brown 0.88
= 64
Chloroform:Etylacetate

4 dark brown 0.56
= 55
Chloroform:Etylacetate:

5 dark brown 0.23
= 46
Chloroform:Etylacetate

6 brown 0.28
= 3.7
Chloroform:Etylacetate

7 brown 0.77
= 2.8

8 Etylacetate brown 0.84
Etylacetate:Methanol

9 g dark brown 09
Etylacetate:Methanol

10 brown 0.78
= 64
Etylacetate:Methanol

11 brown 0.74
= 4.6
Etylacetate:Methanol

12 brown 0.81
= 28

13 Methanol brown 0.80
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Table 2-4. Condition of gas chromatography-mass spectrometry
used for determination of the isolated compound

Parameter Condition
Column HP-5 column

(30m X 0.25mm % 0.25um)
Injector temperature 230°C

Detector temperature 230C

Initial temperature 50T

Programing rate 4C/min to 150C
7°C/min to 250C

Final temperature 250C for 6min

Carrier gas flow-rate Helium at 0.6 ml/min

Split ratio 1:50
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Table 2-5. Stability of the antifouling substance isolated from the

seaweed 1. sinicola. The purified substance was pretreated with

physico-chemical agents,

and

then assayed the remained

activity. A "++" symbol indicates inhibiton spore settlement
less than 25% and a "+” symbol indiciates inhibition less than

60% inhibition

Pretreatments Antifouling  activity  of
Di-2-ethylhexylphtalate
Boiling 1 hr ++
Fluorescent light ++
(40uml m? s™") for 1h
Sun light ++
(2002wl m s ') for 1h
UVA light ++
(4 Kjoule) for 1h
IN HCI for 1d +
IN NaOH for 1d ++
2-fold seawater for 1d ++
++

No pretreatment
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Table 2-6. LCs0 Values of antifouling substance against phyto
plankton. I. galbana and T. suecica and against macroalgae P.
tenuis and E. linza, against zooplankton A. salina

Species LCs0 Values of
Di-2-ethylhexylphtalate (mM)

Isochrysis galbana 0.3
Tetraselmis suecica 0.5
Pterocladia tenuis 0.3
Enteromorpha linza 1
Artemia salina 5}
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Fig. 2-1. Typical habit of the seaweed Ishige sinicola Chihara.
Bar, 1 cm
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Fresh leaves

Homogenize for 5min in MeOH (4:1)
(10xvol. or wt), filter

Residue Filtrate
Fraction B Fraction A

Extract with Evaporate to 1/10
EtOAc( X5), Acidify with 2M H,SOq
filter Extract with CHCls( % 3)

L] | 1

Aqueous
acid layer
Basify to

Drv
Evaporate e DH. 10
evaporate with

NH4OH,

extract

with
. . FractiomIIl
Fraction I Fraction[l ractiom CHCl3

|

]

CHCls extract

Residue Filtrate CHCl; extract

Aqueous
basic layer

Evaporate
Dry, extract
evaporate with

MeOH
Fraction IV FractionV

Fig. 2-2. A general procedure for extracting fresh plant tissues
and fractionating into different classes according to polarity.
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Fig. 2-3. Sephadex profile for isoaltion of antifouling substance
against sopre settlement of FEnteromorpha prolifera, using
100% methanol as eluant. Two mL fraction was collected at a
flow rate of 0.5 mL min '. Bar indicate means active part.
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Fig. 2-4. First HPLC profile for the isolation of antifouling
substance.The fraction collected from Sephadex LI-20 gel
cloumn chromatography was subjected to the reverse phase
HPLC (g Bondapak C18 reverscd-phase column (Waters, 3.9 X
300mm). It was eluted with a linear gradient of 0-100%
acctonitrile over 100min at a flow ratc 1 ml min ' (dot line).
The absorbance was monitored at 220 nm (solid line). Bar
indicated antifouling activity against spore scttlement of
Enteromorpha prolifera.
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Fig. 2-5. Second HPLC profile for the isolation of antifouling
substance. The fraction collected from pBondapak C18
reversed-phase cloumn chromatography was subjected to the
reverse phasc HPLC Nava-pak C8 reversed-phase column
(Waters. 3.9%150mm). It was eluted with a linear gradient of
40-70% acetonitrile over 60min at a flow rate | ml. min !
After 40% acetonitrile clution, the absorbance was monitored at
220 mm. Bar indicated antifouling activity against spore
settlement of Enteromorpha prolifera .
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[ Fresh leaves I

Homogenize for 5min in MeOH
(10X vol. or wt), filter

[ Filtrate f

Evaporate
Extract with CHCl3( X 3)

l CHCls extract I

Dry,
evaporate

| FractiomI ]

[Silica gel chromatography |
Using
Chloroform, Ethylacetate, Methanol

Chloroform:Ethylacetate

5

|Sephadex gel filtration ]

Sephadex LH 20 (Parmarcia, 25 800 mm)
1

=3.7 fraction

Flow rate, 0.5 mL min_
[ 72-77 fraction |

|

[First HPLC |
! # Bondakpak CI8 column (Waters, 3.9*300 mm)

0-100% acetonitrile over 100min

Flow rate, 1 mL min ~

lSecond HPLC

Waters C8 column (Waters, 3.9%150 mm)
40-70% acetonitrile over 60min

Flow rate, 1 mL min

[60% Acetonitrile |

IGC—Mass analysis l

Fig. 2-6. Procedure of antifouling substance against sopre
settlement of Enteromorpha prolifera from the seaweed Ishige
sinicola.
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Relative intensity

Fig. 2-7. Profile of GC-MASS spectrum from the isolated

compound.
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Fig. 2-8. Structure of antifouling agent against spore settlement
E. prolifera from the seaweed I. sinicola.
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Fig. 2-9. Effect of di-2-ethylhexylphtalate on settlement of
Enteromorpha prolifera spores. After 6h in dark at 20T,
numbers of settled spores were counted and expressed as a
relative rate.
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Abstract

I have isolated an antifouling substance against Mytilus edulis
from I sinicola. The substance was purified by silica gel
chromatography, gel filtration and HPLC. We obtained one
fraction from silica gel chromatography using ethylacetate:
methanol=6:4 elution. This was loaded on sephadex LH-25 gel
filtration column using 100% methanol as eluant. Two mL
fraction was collected at a flow rate of 0.5 mL min ' Fractions
82-88 were collected for future purification. It was injected into
reverse phase C8 column using HPLC. Chromatography show a
single peak of antifouling agent with 45% acetonitrile. Structure
of this antifoulant was analysed by GC-Mass spectrum. From
the result, it was revealed as butylcarboxylmethyl 2-butylphtalate.
Repulsive activity of mussel foot was completely inhibited by the
butylcarboxylmethyl 2-butylphtalate at each concentration 2.5 mM.

To measure the stability of antifouling substance, the purified
substance was pretreated with various phsico-chemical agents,
and the remained activity was measured. Antifouling activity was
decreased when the substance was pretreated in acidic condition,
while the other treatments of heat, light, alkali and salt did not

effect the antifouling activity. To measure toxicity of antifouling
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substance, the purified substance was assayed against phyto-
plankton I. galbana and T. suecica, macroalgae P. tenuis and
E. linza spores and zooplankton A. saling. LCs0 values butyl-
carboxyl methyl 2-butylphtalate against I galbana and T suecica
were 0.5 mM and LCso against P. tenuis and E. linza spore 0.3 mM
and 1 mM respectively. LCs0 values of this against A. salina was

5 mM.

,_45_



A =

—

1999). &Ae] HFoIi g Fela: WHoZE  foot-stimulating
method& AMESHATH @X & FZo] FA w REO o]fsle] R
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Foot-stimulating methodw= X9 o]2{3t A& o] &3 23 ur
S8 foots 5 Al F Atid @X9 A AHE A A2 F
Atk AN sebd Aol (Hayashi and Miki, 1996).
21w dxRE E FEEIY dYag F2EZ Az
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o}

T FESY ATATS Bt o)F 33 wEsle nE A%
37ColA methanol& FEAIA AASHE o] S|2FH FZ2ES9) 40 ng
% methanol 1 mL & ¥ &2 7}ste] =91 F 022 n filter

“20CAM RgstEA Ao ALgsAT (Fig. 1-1).

it
A
k)
o
£

P g3 foot-stimulating method

Aol e FAAs Zds dPsr] e HEAJA BaAsFa
ANFHFX (Mytilus edulis)E A=ste] A8

method (Hayashi and Miki, 1996)& ©]&3}%t). Foot-stimulating

method A3, 5% BH&S ah= MA 8 A HAFE e wrg

1, foot—stimulating

=4 9% &

W ERE 23X 23 oA BAL 2Eedty] st 94§74
g AHEste] S e B8 EUdY. oy sxFo] Ruo w)
g B8 419 HEE o] FEYT, oA AFEle oH A
(fraction A)3} =A] & R (fraction B)2& FH#3}3l fraction BE
ethylacetate2  2Z3l99tl. Ethylacetate #2896  oJalsle] w2}
(fraction I)¢ {3} (fraction ME Y+Ath Fraction AE & ¥
v9] 1108912 FEA7)2 2 M H:SOsE o] gste] g sir g on
chloroform® 2 33] &3}l chloroform & Z%A1# fraction I
O % &}, aqueous acidES NHOHZ pHE 1008 A s o]
CHClzMeOH = 3:1¢] &ml& F&39ith. CHCl:-MeOH A A

ofi
rlo
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Ol

fraction V2 3} 3, aqueous basic & ZWA|A MeOHZE 333}
fraction V2 3t 747t &A1& st (Fig. 2-2).

71 8o e gIx

Aol Uetd fraction & #7718l =, petrolem ether, hexane,
carbon tetrachloride, ethylether, chloroform, methylene chloride,
ethylacetate, acetonitrile, butanol, iso-propanol, ethanol, methanol,
DMSO, waterell g 8328 TLCE o] &3t dolr gttt TLC
platec] WEE F=E 9 10 L 4 Ho 14FF #7182
z+zk Abg-ste] 8 emZbA] AIRAIZ X spot HEF 2 em HAOE 1}
Fo] % 5 fractione® WAt Zhzte] RRge e AHgEty
eppendorf tubeo] =& ¥ 1 mL9 Hg&S Hrtste =Yk 94
g 3 M E-E eppendorf tubeoll A3 oiul mo} AZAIZ F 3

d& &8kt

Silica gel column chromatography

F2E S silica gel chromatographyS ©]€3+e] &34 th. Silica
gel (70-230 mesh)& hexane 3tolA packing3tgdth. &uli= TLC
235 upg e 2 chloroform, ethylacetate, methanols A}&3F% 0
™, CHCIEtOAc = 10:0, CHCI3EtOAc = 82, CHC'EtOAc = 64,
CHCIZEtOAc = 4:6, CHCI3EtOAc = 2:8, CHCIsEtOAc = 0:10& &+
A2 o5 FeEetil, EtOAcMeOH = 82, EtOAcMeOH = 64
EtOAc:MeOH = 4:6, EtOAcMeOH = 2:8, MeOH & «xzo =z &
glek At 247 e] fraction S 2 HE S AXA7 F FAHS
Fsd o},

t

He

e

o

9l

Ol
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Sephadex LH-20 gel filtration

Silica gel column chromatography & &4Jo] 7}% & fraction
(EtOAc:MeOH  =6:4)& ©& AlClA  sephadex LH-20 gel
filtrationol] & #e]std . &vl2E= 100% methanolS o] &3
i, flow rate¥ 05 mL min'2 339o™ fraction™ 2 mL¥ 2

2] 53t ot

HPLC

Sephadex LH-20 gel filtrations AA|g ¥ @A RE  (fraction
82-88)& HPLC CI8 reversed phase xBondapak column (Waters, 3.9
X300 mm)ell 283t linear gradient® 0-100% acetonitriled 50%-
T F% 1 mL min ‘2 £F AJIWA 220 nmAlN 1 EREES
A SRS 1 F 24 BEUs F odA 9A =4 HPLC C8
reversed-phase column  (Nova-Pak, 3.9x150 mm)¢ 30%
acetonitrile® 152 &2k Al#H3 Tl A8t linear gradient &
30-70% acetonitriles 80% &<t HAEAT Flow rate= 1 mL
min ‘2 F4om 220 mold FREE ZAHse] AFEHo wee

ATk

GC-MASS ¥4

HPLCeoll A &4 55 (acetonitrile % 45%)2+S 3|38t AZA7)

¥ methanolll 3?1 o, 1 mg& GC-Mass ¥4l Abg3tdct 7]

Al ARvtEgdsd Al8d Z¥E wA@ #YPos HPS

(Hewlett-Packard, 30 mx0.25 mmXx0.25 m)& A}g3gon o)=
=

d 7N AFS AFEEY T flow rate® 0.6 mL min | ©
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TUH 150)& AT YT xE 230Co|H ZHele %
7l £EE 100CR e o] 2xoA 283 FX% F 4T min ‘o)
&5 150C7HA 42 A712 Al 7C min 19 £EE 250°C7HA)
S=AAA 623 FAAAY. lon sourcet electron ionization

modeZ A 280Co A 70 eVE A}F83tH T} (Table 2-4).

Butylcarboxylmethyl 2-butylphtalate®) @ Xl )3t Fxwl g
g2l HAIE AAST 5-1087F o] Yol Eof szt Hd o
o BRI ol 10 Lo SFE "ol sjo] FEHEueS UERY
E MAE AAAL HeE

FHARE Gk 1 AR FF S st A £5 DA A

ASR e MEER 0 5% 298 el

FZAs 549 £ - 53513 A
At dgbelel] Ak kA S dolr ] 9] Red RAAE &
2ol IN HCI# IN NaOHE 7} ot a5 ¢h H20M w3

5 pH 7002 FT3AZ F 4 S& Lot ytt. Fo T A S
B7] st 1AIZE F<F boilling 3H a, el ik gL Lo}
B2 i F35 2 40 gwd m? sHI AAE (200 pmd m s,
UVA (4 Kjoule)oll Z+27} 1A17F &<t S A AT =3 Fo) 3k o
ddS FAds7] flsk 2u) Fx9) AFEHTE HIbslo sFE
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E o AAsAT HAEEFFAEL Hol AEZ /P £3) A}
25 L galbana®t T. suecica® AH-83te] AAlst F/2 8o
Z74& 25%10° cell mL ', 1.2x10° cell mL 522 96 well plate]
well T 200 LY 531 Fed EES 55¥E2 st 1
8Tl 44zt Migd F 49 cell 5 AFs] LCxo @& T
At AxF Folv TE2FA MSF (Pterocladia tenuis)9t =
272 A3 (Enteromorpha linza)®l A& AFE-3LY Tt PES n)
Aol z+2+E 96 well plate®] well B 100704 ®Fstn Eeld 22
sEHE Hrbetd 18ToA 4d7F widst F 2zt cell &
AFstAT. =3 FEZZAEN g 542U L Artemia salina
S ddeg AA AT Artemia salina F8E #gol o

well B 30-40 WA 4 ®Fan 2oE 248 sede A7y

o

25T oAl 493 vjFs & 2313 A =5 A=At
4 3
F49 % vl
A4 AEE A3 A3 Fig. 1-19] fraction M3 Vol A &3 & g}

W3, ©]& moderately polar extract®} basic extracto]® E-3)
fraction VoA F¥ €48 YeblA ) (Table 3-1).

718 vel e &3l
=
o= %] ¥or DMSO Al # 538 45 Atk 18] 3L ethylether,

ethylacetate, acetonitrile, buthanol ol A= 2 == 243} x| o= 23

o

4 A3} petrolem ether, heptane, hexane, carbone tetrachloride
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T 7FA7F FEEJ L methanold A= 7 A5 L2 Jey
gFolsli e} (Table 3-2).

o

Silica—gel chromatography

Ethylacetateo] %+ 223 %2 &t BAZ FES7) 99 silica gel
chromatography & A}8-3}5a1 1 A3} ethylacetate:methanol = 6.4l 4]
g44& eI

Sephadex gel filtration

Silica gel column chromatographyS 33 & @ Alo] 713 £
fraction (EtOAc:MeOH = 6:4)2 t}2 Aol A sephadex LH-20
(Parmarcia, 25xX800 mm) gel filtrationg 33A}. L& L=
methanol & AF83t91 2™ flow rate 1 mL min !, 7} fraction®] 2 mL
A F83A Y. 82~88 fractionoll Al &Alo] vEbytth (Fig. 3-1).

HPLC

Sephadex gel filtrationo} A &4 o] = 82-88 fraction < HPLC Atell A
C18 reversed phase g Bondapak column (Waters, 3.9 X300 mm)o°l
483l linear gradient® 0-100% acetonitrile® 508 %9t &&=
ImL min'2 &&A7194 220 nmAlH 7 FF=E $A kol
O I %5 84 HFEUS T HA dAZA C8 reversed-phase

column (Nova-Pak, 3.9X%150 mm)ol €3} linear gradient®

&

e
Ol

0-30% acetonitriles 153 &<k 30-70% acetonitriles 80% F<t,
70-100% acetonitrileS 15% F<¢F A A5G} Flow rate® 1 min mL*
2 3tgon 220 molA HFHow Egddu. 2 Ad 45%



acetonitrilec A} &S YeEllATE (Fig. 3-2, 3-3). ¥d=%g =

Fuxo) 23 Al Benye Fig 3-49 2t

GC-MASS ¥4

GC-Mass #AZ3 HWojelA Zajg AFEAe] B3z &
Fig. 3-4¢} #2& spectrums R9F0 B 336MWOE 35
At o] &

kA ghef o] BRI E EHE YRR

[e)
e

2 & buthylcarboxylmethyl 2-butylphtalate® (Fig. 3-5),

T 9

Wil = H¥E H2l$ butylcarboxylmethyl 2-butylphtalate®™ 0.5 mM

o] 739 30%92] repulsive activity® YEF 25 mM9 2% 100%

o &3E vhehhgle)

29 - 3512 A e

Woegde 29 -3 dAAME &3ty fste pH, 4, ¥, ¢
5 Agste AL S FEdg. a2 A o] BFL e xA
AN EQtAsie el dd 2 d 9 gegn G ofE A E
Aog BT}

e EA SAHA

AEBESHAE, 2F 181 FESHAES gaog Woe R
w4 SAHAA AdH)E AAEEY. 2 2y HEBEZTYaE

Q]

5
VP, tenuis®t E. linza®l EAF] i3 LCso e 2tz 0.3 mM,



mM=Z Yebstth 3 A saling 4% 5 mME 3l =l
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Table 3-1. Property identification of the methanol extract using
chloroform and ethylacetate from a general procedure for
extracting and fractionating into different classes according to
property

Fraction Color Repulsive activity(26)
[ brown 0
a dark blue 10+5
m dark brown 60+ 10
WY dark blue 100
A% light brown 0
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Table 3-2. Solubility of the methanol extract from Ishige
sinicola by TLC. Rf value was expres by active spot on the
developed TLC plate

Solvent Rf values
Petrolem ether 0
Heptane 0
Hexane 0
Carborn tetrachloride 0
Ethyl ether 0.6> 0.95> 0.2
Chloroform 0> 0.3
Ethylacetate 0.95) 054> 0.25
Acetonitrile 09> 06
Buthanol 0.85> 04
Iso-propanol 0.85) 0.45
Ethanol 09> 04
Methanol 0.55
DMSO 0.95
Water 0
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Table 3-3. Silica gel chromatography of the chloroform extract

(fraction IV)

Repulsive

Fraction Eluting solvents Elute color o
activity (%)

1 Chloroform dark brown 0
Chloroform:Etylacetate

2 brown 0
= 82
Chloroform:Etylacetate

3 brown 0
= 64
Chloroform:Etylacetate

4 brown 0
= 46
Chloroform:Etylacetate

5 brown 0
= 2:8

6 Etylacetate brown 0
Etylacetate:Methanol

7 brown 10
= 82
Etylacetate:Methanol .

8 light brown 100
=73
Etylacetate:Methanol

9 brown 100
= 64
Etylacetate:Methanol

10 brown 50*5
= 55

1 Etylacetate:Methanol blue 20+ 10
= 4.6
Etylacetate:Methanol

12 blue 0
= 2:8

13 Methanol blue 0

_57_



Table 3-3. Stability of the antifouling substance isolated from the
seaweed I. sinicola. The purified substance was pretreated with
physico-chemical agents, and then assayed the remained
activity. A "++" symbol indicates repulsive activity more than
90% and "-" symbol indicates no activity

Pretreatments Antifouling activity of

Butylcarbonylmethy! 2-butylphtalate

Boiling 1 hr ++

Fluorescent light

(M0xml m? s for 1h ot
Sun light
(200 zmd m *sY for 1h ++
UVA light
(4 Kjoule) for 1h ++

1IN HCI for 1d -

IN NaOH for 1d ++
2-fold seawater for 1d ++
No pretreatment ++




Table 3-4. LCs0 Values of antifouling substance against
phytoplankton. I. galbana and T. suecica and against macroalgae
P. tenuis and E. linza, against zooplankton A. salina

Species LC50 Values of
Butylcarbonylmethyl 2-butylphtalate

Isochrysis galbana 0.5
Tetraselmis suecica 0.5
Pterocladia tenuis 0.3
Enteromorpha linza 1
Artemia salina 5

|
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Yol
|



Dry weight (mg)

0 20 40 60 80 100 120
Fraction no.

Fig. 3-1. Sephadex profile for isoaltion of antifouling substance
against mussel Mytilus edulis, using 100% methanol as eluant.
Two mL fraction was collected at a flow rate of 0.5 mL min .
Bar indicate means active part.

_60_



100 | - 100
| i
| i
0.8} | | - 80
£ i b
c [ i fi —
P i i i 2
8 o6l bl 180 o
V] i LA i =
S 044 : A I S40 =
] R B il O
£ SRR T <
9 L <
3 o2 SR A ' 20
2 ; WA ';
S~ s
ool 7 o
0 10 20 30 40 50
Time {min)

Fig. 3-2. First HPLC profile for the isolation of antifouling
substance. The fraction collected from Sephadex LH-20 gel
cloumn chromatography was subjected to the reverse phase
HPLC g Bondapak C18 reversed-phase column (Waters, 3.9X
300 mm). It was eluted with a linear gradient of 0-100%
acetonitrile over 50min at a flow rate 1 mL min ' (dot line).
The absorbance was monitored at 220 nw (sloid line). Bar

indicated antifouling activity against Mytilus edulis.
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Fig. 3-3. Second HPLC profile for the isolation of antifouling
substance. The fraction collected from gBondapak C18
reversed—phase cloumn chromatography was subjected to the
reverse phase HPLC Nava-pak C8 reversed-phase column
(Waters, 3.9%X150 mm). It was cluted with a linear gradient of
30-70% acetonitrile over 80min at a flow rate 1 mL min |. After
30% acctonitrile elution, the absorbance was monitored at 220 nm.
Bar indicated antifouling activity against Mytilus edulis.
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I Fresh leaves l

Homogenize for 5min in MeOH
(10X vol. or wt), filter

l Filtrate |
Basify to pH 10
I CHCl3 extract ] Extract with CHCl
Dry,
evaporate
[ Fraction IV i

!
ISilica gel chromatograahﬂ

Using

Chloroform, Ethylacetate, Methanol

Ethylacetate:Methanol

=6:4 fraction

|

ISeDhadex gel filtration ]
Sephadex LH 20 (Parmarcia, 25x800 mm)

Flow rate, 0.5 mL min™
[ 82-88 fraction ]

[First HPLC |
¢ Bondakpak C18 column (Waters, 3.9<300 mm)

0-100% acetonitrile over 50min

Flow rate, I mL min
[Second HPLC J
Nova-Pak C8 column (Waters, 3.9X 150 mm)

30-70% acetonitrile over 80min
-1

Flow rate, 1 mL min
[ 45% Acetonitrile ]

|
[ (GC-Mass analysis l

Fig. 3-4. Procedure of antifouling substance against Mytilus
edulis from the seaweed Ishige sinicola.

_63_



intensity

=

Relative

i 7h o E INH 293
. LH L /‘f QAJ 10]]4 l %I 232 i 60 Z(J)b ZT)\) 27({
50 100 150 200 250

m/7

Fig. 3-5. Profile of GC-MASS spectrum from the isolated
compound.
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Fig. 3-6. The structure of antifouling agent against
Mytilus deulis from the seawced I. sinicola.
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Fig. 3-7. Effect of Butylcarbonylmethyl 2-butylphtalate on foot
repulsive reaction of Mytilus edulis. Repulsive activity was
measured with a 10gf drop to the mussel foot, and expressed
as a rate of contracted mussels against mussels tested.
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Abstract

I have isolated an antifouling substance against Mytilus edulis
from S. lomentaria. The substance was purified by silica gel
chromatography, gel filtration and HPLC. We obtained one
fraction from silica gel chromatography using ethylacetate:
methanol = 4:6 elution. This was loaded on sephadex LH-25 gel
filtration column wusing 100% methanol as eluant. Two mL
fraction was collected at a flow rate of 0.5 mL min . Fractions
91-97 were collected for future purification. It was injected into
reverse phase C8 column using HPLC. Chromatography show a
single peak of antifouling agent with 25% acetonitrile. Structure
of this antifoulant was analysed by GC-Mass spectrum. From
the result, it was revealed as dimethylcyclohexane ethanamine.
Repulsive activity of mussel foot was completely inhibited by

dimethylcyclohexane ethanamine at a concentration .25 mM.

To measure the stability of antifouling substance, the purified
substance was pretreated with various phsico-chemical agents,
and the remained activity was measured. Antifouling activity was
decreased when the substance was pretreated in acidic condition,
while the other treatments of heat, light, alkali and salt did not

effect the antifouling activity. To measure toxicity of antifouling
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substance, the purified substance was assayed against
phytoplankton Isochrysis galbana and Tetraselmis suecica,
macroalgae Pterocladia tenuis and Enteromorpha linza spore and
zooplankton Artemia salina. L.Cso values of dimethylcyclohexane
ethanamine against I. galbana and 7. suecica were 3 mM and
LCso against P. tenuis and E. linza spores were 3 mM and 5 mM.

LCso values of this against A. salina was 10 mM.
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u} 2] methanol F&%
t} (Cho et al, 1999).
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X % 37CAA methanole S2AIA AAsALE o] sxF 2B
E9] 40 mg F methanol 1 mL % B]&Z 7}eted =9 2 022 m filter
2 o3t oy -20TColA] Batabd A Agel) ARgstant (Fig. 1-1).

oo

Foot-stimulating methodS- ©] 83 x| o] KA &) &3}
Aol gk FFAE g3 APsty]) e PEAQA B HE
A AFHA Mytilus edulis)E Heste] 2dsQx, foot-stimulating

method (Hayashi and Miki, 1996)& ©]-&3} %t}

S 9% ¥

HAESE g2 53 g 22S 2str) st S 7] &)
g A&t S & £88 e ol sjzFe] Bt
g =8 419 BlER Yol FE39 L, oA oftsle] ojutE A
(fraction A)ZF HA| &2 A (fraction B)S.& T3t fraction B&
ethylacetate® F&3}%th  Ethylacetate FE5E-& oste] A}
(fraction )9} A3} N (fraction )= F+Ath Fraction Ax & 5
3¢ /10792 FHAZ) 2M HS0E o] &8te] Ad st 7] o
chloroform®.= 3% F&3tth Chloroform %2 Z2AlA fraction I
o5 3&kil, aqueous acidEe NHOHZ pHE 1002 AAsd
CHCIsMeOH = 319 &2 FZ39v. CHCls MeOHZE2 ZWA#
fraction IVE 311, aqueous basic & FEAIA MeQOH% %5}
fraction V= sfo} Zhzte] &d3 ittt (Fig. 2

F71 8 vl e gax

o] YERd fraction & #718v 3 petrolem ether, hexane,
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carbon tetrachloride, ethylether, chloroform, methylene chloride,
ethylacetate, acetonitrile, butanol, iso~propanol, ethanol, methanol,
DMSO, waterell tigt &3 =& TLCE o] &35t doprR Uttt TLC
plated] HWgtE FEE AN 10 uL A Ao 4FH F71&=
Zzt Abg-3te] 8 em7bA] AIRAIZD F spot & 2 em Ao E
ol & 5 fraction®® WU 7Hzte] RRES #S ALEE9
eppendorf tubeol =& % 1 mL9 wetg&S AH7lsle =9k 244
w2 dtd A28 eppendorf tubeol] ArZ Awh Wol AZAF & &

& Felsac

Silica gel column chromatography

=4 w8 AgdAM #eld fraction M #3 74 Silica gel
chromatography& o] &3slo] E#|&dtt. Silica gel (70-230 mesh)
< hexaneg& £WE 34 packingsdl ok ful= TLC A3E vlet
© 2 chloroform, ethylacetate, methanols AF&8tew, CHCls
EtOAc 10:0, CHCIsEtOAc = 82, CHCI+EtOAc = 6:4, CHCls:
EtOAc = 46, CHCIZEtOAc = 3.7, CHCIsEtOAc = 2:8, CHCls:

010¢ ¢AHoz Felste] B gty wF

EtOAc
EtOAc: MeOH= 8:2, EtOAc:MeOH = 64, EtOAc:MeOH = 46,
EtOAc:MeOH = 2:8, MeOH & +atA o2 ZelHUWA #8354

o 24749 fractionell 4] §WlE Rx2AIZ F 24 Flsk
Sephadex LH-20 gel filtration

Silica gel column chromatography $ Z4lo] 7}% £& fraction

(EtOAcMeOH = 416)S v  w@AA  sephadex LH-20
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(Parmarcia, 25X800 mm) gel filtrationol] <& 22| A}. Loz
¥ 100% methanols ©] €3t 1, flow rate® 0.5 mL min '2 33}
How Z} fraction®d 2 mLA E2]stg )

HPLC

Sephadex LH-20 gel filtrationS 393 % &4 HE  (fraction
91-97)& HPLC CI8 reversed phase xBondapak column (Waters, 3.9
X300 mm)oll #8324 linear gradient® 0-100% acetonitriles 503
¢ F%4 1 mL min ‘2 §F A7IEA 220 nmeld 1 FHEE
A FASAY 1 F g4 FEWNE F dA dAEA HPLC C8
reversed-phase Nova-Pak column (Waters, 3.9xX150 mm)o) linear
gradient = 0-50% acetonitriles 100% E<¢ 2 A&t Flow
ratet 1 mL min ‘2 stQov 220 melA FAEE EAste] A=

Mo g FEtiich

GC-MASS #4

HPLCO A &% (acetonitrile FX 25%)%S 358l 7 xA17
¥ methanoldll %% th& 1mg& GC-Mass 4ol Ab&8taict. 7] 4|
AzotEaqdd]  AR"E  ZPLE mAY  #PeF  HPS
(Hewlett-Packard, 30 mXx0.25 mmx0.25 m)E AFE33 01 o) %

TAH (150)& AFEstAdd. F979 5= 230Co gd9 %
7] LEE 100CHon o 2xoA 227 §2% ¥ 4C min ‘o
Z 150C7HAl A2 A 713 oAl 7C min ‘9] £5 2 250°C 744

x
FEMAM 687 FAAZT lon source™ electron ionization
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modeZH 280TCelA 70 eVE A&t (Table 2-4).

Dimethylcyclohexane ethanamine 2] FAFHE X o] 3 x4
9F

AR FASAY T A} £F Ve s AA £E WA AA
=

FHZA B & - 3357 Ae

A dgtElel st kA S o] 9t Hed® RAAE A
of IN HCI¥ IN NaOHE #H7letd &5F59 Ao nas %
pH 7002 T3AZ = A4S gotr gy Holl digh bdd e =4}
at7] kel 1A1RF F<F boilling 8F L, Well ek A S Loln
71 s 35 2 40 pmd m s HF AAF (200 gwl mE s,
UVA (4 Kjoule)oll ZHzF 1A13F B¢ =2 A1tk £33 dol i3 o
345 A7) At 28 FE AFHTE HUtsto FFE¢

A BB F 9 AAST B4 HAsy

>

2
r
2

HoEA A A

=4 AAe HAEEHIaEN sEEHAE 19

Jo
=
ol
N
S
1o
22
el

g oz ANk AESFaEL Wo| 4B A E3 A
|5 I galbana®t T, suecicas AH&3FS A A5 F/2 v =) ol
2428 25%10° cell mL Y, 1.2x10° cell mL' %52 96 well plate
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o] well & 200 pL¥ ®Faln 2ag 2L Frdz Hrtsid
18Tl A 443 W & Z}2He] cell 75 AS3 LCso g2 +

gtk M7 FoAE TEFY METF (P tenuis)9 HEFQA
el (E. linza)®] EAE AMESHATE PES iAol 242hg 96 well
plate®] well 3 10071 FF3lx Bold 8248 sxdE=E Hrbs

o 18Tl A 4z widst & Z+zbo) cell:E A& =3 5

=EF3E QI SANEL A saling FAS gAoz AA 3§
Ak A salinga 58S sl Eol well B 30-40 A AN B335}
I FEd 7 ske] 25Tl A 447 wjoksr & 2

o
p 5.

428 2AIE 43} Fig. 229 fraction M# VolA & el
£3) chloroform® 2 %3 fraction MolA =39 A4S el

al
t} (Table 4-1).

A
oX
8.

ox
5

tlo

=

A
A

=

7] &vllel mE &3

&= =4 23} petrolem ether, heptane, hexane, carborn tetrachloride
|+ =4 %91 methanol, DMSO 5ol = 2 58-S a4 9loith 17
1l ethylether, ethyl acetate, acetonitrile, buthanol A+ % == 2243
e

= B8 7 M FEEJY 9322 silica gel chromato-

=2 op

e X

g
52

graphy “JollA] chloroform, ethylacetate, methanol-& A}-8-3to] 528 B

2l skttt

_’74V



Silica-gel chromatography

Chloroform, ethylacetate, methanols A}F&3l9] silica-gel chromato-
graphy & AF8-3}53 31, 1 2 7} etylacetate:methanol = 4:6 fraction oA &
d& vehidch

Sephadex gel filtration

F "ol g Ee

o

Silica gel column chromatographyS &)
fraction (ethylacetate:methanol = 4:6)2 tHg& YAINA  sephadex
LH-20 gel filtrations 3ttt €% L= methanols AME-35H4
o9 flow rate 1 mL min !, Z} fraction®] 2 mL & ¥ &3t}
91~97 fractionoll A &4 o] YeElGT} (Fig. 4-2).

HPLC

Sephadex gel filtration®l| 4] &4 o] 91+ 91— 97 fraction S HPLC ol A
C18 reversed phase #Bondapak column (Waters, 3.9X300 mm)oll
2 &3t linear gradientZ 0-100% acetonitriled 50% %<QF &4
1 mL min '2 &% A71EA 220 nmell A 2 §FES $4 A3
Qo 1 F 84 FEDS F OHA GAZA C8 reversed-phase
Nova-Pak column (Waters, 39X150 mm)oll =& &3to] 0-50%
acetonitrileS 100% &<k, 70-100% acetonitriled 15% &<t A A8}
%t Flow rate® 1 min mL ' 2 st3om 220 moA HZFH oz
welstdvh. 2 A, 25% acetonitriled] A &4 JEUATH
(Fig. 4-3, 4-4). nejvl2F ¥ 2o FAAEA] Ryxpyde

Fig. 4-5%} 2t}
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GC-Mass ¥4
GC-Mass A2 oA Fad gx9 HEAA8 222 Fig 45
9} 2 spectrumS HoFrh o] EALS Exigk [55MWola

dimethylcyclohexane ethanamine® #2153t} (Fig. 4-7).

T A4

o258 #23 dimethylcyclohexane ethanamine: 0.5 mM<2]
73 20%9] repulsive activityE YWERHH 25 mM9 A$¢ 100%<]
a3 vER AT

Hogds Bel 384 AAHE B ek pH, I, 2, o

o} T suecica®) et LCso 32 3 mM oldar, 31ZFS P tenuissh
E linza®] Ao A3 LCso 7S 22 3 mM, 5 mM=2 ey}, =

3t A salina 4%+ 10 mM=Z 32l 5 fth.
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Table 4-1. Property identification of the methanol extract using
chloroform and ethylacetate from a general procedure for
extracting and fractionating into different classes according to

property
. Activity %
Fraction Color . .
(repulsive activity)

I brown 0

I dark blue 10*£5
il dark brown 9515
v brown 50%10
A% dark brown 15=0
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Table 4-2. Solubility of the methanol extract from Scytosiphon
lomentaria by TLC. Rf value was expressed by active spot on
the developed TLC plate

Solvent Rf values
Petrolem ether 0
Heptane 0
Hexane 0
Carborn tetrachloride 0
Ethyl ether 0.95> 0
Chloroform 0> 0.25
Ethylacetate 095> 0
Acetonitrile 093> 0
Buthanol 087> 0
Iso-propanol 09> 0
Ethanol 0.89> 0
Methanol 0.95
DMSO 0.95
Water 0.9> 0
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Table 4-3. Silica gel chromatography of the chloroform extract

(fraction V)

. . Repulsive
Fraction Eluting solvents Elute color o
activity (%)
1 Chloroform dark brown 0
Chloroform:Etylacetate
2 dark brown 0
= 82
Chloroform:Etylacetate
3 brown 0
= 64
Chloroform:Etylacetate
4 brown 0
= 4.6
Chloroform:Etylacetate
5 brown 0
= 2:8
6 Etylacetate brown 0
Etylacetate:Methanol
7 dark brown 3010
= 82
Etylacetate:Methanol
8 dark brown 100
= 64
Etylacetate:Methanol
9 dark blue 957
= 55
Etylacetate:Methanol
10 hrown 8515
= 4:6
Etylacetate:Methanol
11 brown 10
= 2:8
12 Methanol brown 20+ 10
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Table 4-4. Stability of the antifouling substance isolated from the
seaweed S. lomentaria. The purified substance was pretreated
with physico—chemical agents, and then assayed the remained
activity. A "++" symbol indicates repulsive activity more than

90% and "-" symbol indicates no activity

Pretreatments Antifouling activity of
Dimethylcyclohexane ethanamine

Boiling 1 hr ++

Fluorescent light ++
(40pmd m*s") for 1h

Sun light ++
(200 zmal m % ") for 1h

UVA light ++
(4 Kjoule) for 1h

1IN HCI for 1d -
1IN NaOH for 1d ++
Z2-fold seawater for 1d ++
No pretreatment ++
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Table 4-5. LCs0 Values

of antifouling

substance

against

phytoplankton. I. galbana and T. suecica and agains macro

algae P. tenuis and E. linza, against zooplankton A. salina

Species LCs0 Values of

Dimethylcyclohexane ethanamine

Isochrysis galbana
Tetraselmis suecica
Pterocladia tenuis
Enteromorpha linza

Artemia salina

3

3

10
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Fig. 4-1. Typical habit of the seaweed Scytosimphon lomentaria Link
Bar, 1 cm
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Dry weight (mg)

0 20 40 60 80 100 120
Fraction no.

Fig. 4-2. Sephadex profile for isoaltion of antifouling substance
against mussel Mytilus edulis, using 100% methanol as eluant.
Two mL fraction was collected at a flow rate of 0.5 mL min .
Bar indicate means active part.
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Fig. 4-3. First HPLC profile for the isolation of antifouling
substance. The fraction collected from Sephadex LII-20 gel
cloumn chromatography was subjected to the reverse phase
HPLC g Bondapak C18 reversed-phase column (Waters, 3.9X%
300 mm). It was eluted with a lincar gradient of 0-100%

acetonitrile over 50min at a flow rate 1 ml min ' (dot line).

The absorbance was monitored at 220 mm (sloid line). Bar
indicated antifouling activity against Mytilus edulis.
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Fig. 4-4 Second TPLC profile for the isolation of antifouling
substance. The fraction collected from gBondapak C18
reversed—-phase cloumn chromatography was subjected to the
reverse phase HPLC Nava-pak C8 reversed-phase column
(Waters, 3.9X 150 mm). It was eluted with a linear gradient of
0-50% acetonitrile over 100min at a flow rate | mL min '. The
absorbance was monitored at 220 nm. Bar indicated antifouling
activity against Mytilus edulis.



L Fresh leaves

Homogenize for Smin in MeOH
(10X vol. or wt), filter

[ Filtrate

Evaporate
Extract with CHCl3( X 3)

| CHCls extract

Dry,
evaporate

L FractiomIll

[Silica gel chromatography |

Using
Chloroform, Ethylacetate, Methanol

Ethylacetate:Methanol
=4:6 fraction

i

[Sephadex gel filtration

Sephadex LH 20 (Parmarcia, 25%X800 mm)
1

Flow rate, 0.5 mL min~

| 91-97 fraction

[First HPLC

|

1 Bondakpak C18 column (Waters, 3.9x300 mm)
0-100% acetonitrile over 500min

Flow rate, 1 mL min

ISecond HPLC

Nova-Pak C8 column (Waters, 3.9X150 mm)
0-50% acetonitrile over 100min

Flow rate, 1 mL min '

125% Acetonitrile

[GC*Mass analysis

Fig. 4-5. Isolation procedure of antifouling substance against

Mytilus edulis from the seaweed Scytosiphon lomentaria.
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Fig. 4-6. Profile of GC-MASS spectrum from the isolated
compound.
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_CHCHINHMe)Me

Fig. 4-7. The structure of antifouling agent against
Mpytilus deulis from the seaweed S. lomentaria.
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Fig. 4-8. Effect of dimethylcyclohexane ethanamine on foot
repulsive reaction of Mpytilus edulis. Repulsive activity was
measured with a 10 g€ drop to the mussel foot, and expressed
as a rate of contracted mussels against mussels tested.
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furanoid (Volvoulis et al., 1999) 5o} tj®xHolgt & & Yo
sponge°l Al 2] 3 Kkalihinene®} ceratinamides®} 2F& ol A 2] & o
% 13-acetoxylpukalide trigonelline $ %= X 1o} v} (Miki,
1996). 22l HEREZFEHE B2 A EHEHES 7M1 A
T ARdo] B dAyARtEe &) A %3, 2 F Sargassum
natans% %-E] tannins (Sieburth &Conover, 1965) ©] Rhodomela
larix ¥ bromophenol (Phillips & Towers, 1982)°], Dictyota
menstrulais=5-E] = diterpens (Schmitt et al., 1995)¢], Delisea
pulchra® FEl = halogenated furanone (de Nys et al, 1995)7} %
geo] BA A anrt e Aoz ddx Ak a2y ol#
Aol = Btehal dd oA g M 2 A8s dye
=

BB Hael g o8] LEow ol vj1F Aelol).

&
1
o
BN
o
e
hed
2

ja|
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2L
2
it
_O‘Lt

o K
N
BN
>
)
PN
n
2
Jlot
=
tlo
W
i)
=

SHE BAx 20 99k Fvo
shsloll Ak Aol glojd (RFEANEET 1968). A u
FEOET ol8/HAE 2t it AR IEA o dxw
AN HE F v HJEOF ARIAY FFEOR o] FF W @
b o oj@ados wAE e etk uahA
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fr
=
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=
& FEES AFEA Y FAANA & FF
Al EdE YEWATE olHel AFd 93}
microalgae?! I galbana W3 N 200 xg mL'e F=z 73
AT ARE JAA I AR #E3a (Cho et al, 1999), J =
B9l Cochlodinium polykrikoides®] v <koNe] 100 pg mL ‘9 %
L2 HUIRE AF ARE AdAATe o2 FAEo (Jeong et
al., 2000) W= AEHA Aol o] &IHAE THAE AoR R
Aok F239= g5 vepdle Wee nevz Ry 2 238 ¥

5 s WA ETY Eeg spr s F
248 228 di-2-ethylhexyl phtalate (Fig. 2-8)o]w, W o) 2 K g
w2 AT A9 2aAE &AL butylcarboxylmethyl

2-bytylphtalate (Fig. 3-6)o]x, %3 zm w2 XE Ras 53

i
rlo
—\;i
>
i)
&
1o
ez
Sial

)
BC
£
4
e
e
to

FAAs EHALE dimethylcyclohexane ethanamine (Fig. 4-7)2 =
1 5 Atk Di-2-ethylhexylphtalatew %2 HE2A N e R} 5
e AL, butyl carboxylmethyl 2-butylphtalate <A} 7HA] )2
Faod e g8 YeERWA Y dimethyleyclohexane ethanamine®] 73
= @A 248 a9E JeEydg & 24 BT $E <
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g4 185 7FAY dimethylclohexane ethanaminet: nitrogens &
3 AEUAZ #EQAHUT Di-2-ethylhexylphtalate?} butyl-
carboxylmethyl 2-butylphtalate= A +Z2E YEellz 9o
7+ BAES 111 &2 EFste] 2AAs g2 dA9 A
A xae vhebbA] ekskrt Rele BEY 54 S

xe
3 A microalgae?l I galbana®} T. suecicas *H&3H9 2

oz

N

i

M MEF Fde FX2HFA MSF (Pterocladia tenuis)®) EA}
Abgstom w3k FEA EHAEQ Artemia salingdl WE 54
2ds AAstdoh. 1 A, ssfelA EEl" di-2-ethylhexyl-
phtalatec] 7}¢ =& LCso @& Yepligich @Al TBTY WAl &
A E irgarolo] Wel AH&E I Qo] irgarol®] FX AN g A
A3E %ol HuExy dom (Okamura et al, 2001; Lewis, 2001)

T Aol wel zolzb JARE x2F Au (Enteromorpha
sp)st FEZHAEQ] Artemia salingol| 3+ LCso gbe ztzh 1.25
ug L, 40 mg L' YEhd whd, 2 @A b 5L LCogte
YetW= di-2-ethylhexylphtalate®] 24 $-% 107 mg L '9} 1.72 g L™
% irgarolell H]2l 428jell A 10%k) 7}k =2 gho|o) wieElA 2

I
=
de #7 A%H Be FRBAZAY AL A Hdow
H

(o)

AEE I, B B2RY e ZgAENe AHRIFEAS g9l
a dAdoMel 2¥e T ASHA A7 22F Aolu, ofg
24819 mechanismoll &3 A L3 o] Fojxof & Ho7 A}
¥

Ao} |l Z=F2] K22 phenolic proteind] €3 2o Z H 15 o
Art. Gxo] Fao] #AAHEH FHAle o 7HA] proteing FFEhar

Ao footol]l 7} AHF HEJAME elastic fiber, 71 o} 2
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rigid fiber, F 27| Zol H3al ¥ plague L1E]Z o]lE AAE

coatingdlil e HE Toz Yss Ju e FEAHow
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proteine plaque$t HZ7]12 Alolo| N FAAJY, r-724F 18n
m-cation AY T #Eom 7" RAsA Hrh shERFeo kL
Zpe] H-Zoll QlojA 4 F 2 AIZE ool phenolic protein®] #*
H]5| 32 o]2 <13 carbohydrate fiber7b A EcTh o] RE poly-
phenol®} carbohydrate glueE BAdsto] 7)1 @ L&A == Aol
Tk ol 3o polyphenol?] ¥HlE H-2Z7)Fe] wWko gul Hulg
of 7ol o " RFs= Aoz muEo 9t} (Vreeland,
1998). ol&g &% H
3 mechanismE o} A&3] wajA x| Po} o]o] AF AT

E g o] FojHof & o]t}

=

of #3 mechanism< &alx YA F2A 50
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271%9 dxF FEES Wdez A (Enteromorpha
g4E HAEstdet 27F 2 methanol F
oAl RaAAE gE AW Ay 7o
Zad] (Ulva pertusa), W3 Ushige foliacea), 30| x}ut

(Sargassum horneri), 5% (Chondrus ocellatus), T34 A3

d

@ (Corallina pilulifera), =8t (Pachymeniopsis elliptica)®) %%
o tjx-ol wlal spA)IEle] ERAS 40% olstE A E= A

o8 veigdon I F \i 25 21%2 MY & BRAE &

HFE Yetgo B FE59 A$E 1dvl (Sevtosiphon lomentaria)
FEEAAMT 43%2 A& a3E & et AR A 7}
A a7t 28 Yoo} PABo]2x}ute] methanol FE2EEL =51

30 ug ml'!, BAo|mA Y FZ2EL 120 ug mL ' 9 EEoA Hu
2 2 FaS oAt on zhzbe] FEolA o Fel vl 18%,
39% AAst= Aoz eyttt

=
H=F FEeo Ao FAUA adE Adgshrl YaA 5%

g AdFstdoh. Al AH8-3 methanol 9
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AHE-e el Sl F-2] methanol F&FE Z Sl Wl (Ishige sinicola)
o} x12)vl) (Scytosiphon lomentaria)?} 40 pe/EASl A% 100%<] &3}
£ YU e (Ecklonia cava)$t E871% (Colpomenia bullosa)
= 94%e A3E e 84 FEEY AS EYw
(Colpomenia sinuosa)™ % (Hizikia fusiformis)ol ¥ 40 pg/EA®l 7%
Zkzy 60%, 50%°] E 7 E methanol FEEo] vja] ¥ EHE Yehl
At} Foot-stimulating methodoll A 7H4 =& F3E wol= Y9
agufe) FEpgA] a5 eyl A TFe FAE e ¥
Zoll vz gHE F<lstivh. Whatman paperg #37]%
Aow, Wit e F&

petridish (55X 12mm)ol] 2 At FA4E 45- 60vte] # EF39 o
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