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Defensive effects of extract substances in rockworm polychaete

Marphysa sanguinea larvae on copepods

Jaegu Oh

Department of Interdisciplinary Program of Biomedical Engineering,

Pukyong National University, Busan, Korea

Abstract

In the seed production processes of M. sanguinea, the most important
problem is the deterioration of survival rate by -attacking upon predatory
organisms. Predators such as copepod trend to disappear in the larvae
producing tanks. It was estimated that larvae might be excreted some
deterrents. Therefore, the study was conducted to increase survival rate of
early larvae stage through investigate of defensive material from M.
sanguinea larvae.

Initially, approximately 2.5 million larvae were | extracted with
methanol (MeOH) and, consequently, separated by 70%, 85% and 100%
MeOH using the ODS=Q3 column (1X20 em). The purified experiment had
been conducted by using a chromatographed RPAQUEOUS column(1l X25 cm,
40C, 221 mm, 90% MeOH, 1 ml/min) through HPLC system. Moreover, the
copepod lethality tests were conducted at each peak groups and
chromatographed on a ODS SP100 column(1X25 cm, 40T, 221 mm, 90%
MeOH, 1 m¢/min) by the HPLC system. And then, the each peak(Experiment
groups were lost on copepod lethality test)was purified on a ODS SP100
column(1x25 cm, 40C, 221 mm, 80% MeOH, 1 ml/min) by the HPLC system.
The results showed that ‘4-4-6" have lethal dose 50 on 70 ppm after 2
hours. And ‘5-6-11" have lethal dose 50 on 10, 20, 40 ppm after 2 hours.
M+ ions of ‘4-4-6" and ‘5-6-11" were m/z 278, m/z 280 with 278 & 280

in molecular weight, respectively, in mass spectrometry. From these results,
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Linolenic Acid (278 MW, CisH2502) andLinoleicAcid(280MW, CigHs002) were
identified. In the other hand, their main components were fatty acids

In conclusion, defensive materials of M. sanguinea larvae are estimated in
fatty acids and their activities can enhance the overall survival rate of

larvae.
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W T, QF, A%, 3 A FRA Buth ER uleh Pl kot
A, Aol tjofo] gl 2Ho] wasl glor] Amdi W] g A%
o1t

deAL v A3 ANLS Y FAY HEE AaT| AT A
AL LE FAdolth UM OE AgolAolm oIS e AE Utk

WAL ARG dAdgolr FEA A= e oA TRl weEl oY

A mekel Ao gt me, AF&] Ak A, e A, >
e A, nASHE A S| Qa F2 uhgelA Ayl 7158 wie] Eof 1

Seeteld AL Qs AXFolF F AAHOR Fo AT} 9

= ForgEx ulYMAHYOl Marphysa — sanguinea, ~=Z7AA] o]

b4

i3

Perinereis nuntia, TEY370A 0| Perinereis aibuhitensis, 7%

N

MA o] Nectoneanthes oxypoda s°] Slth. 1 & wFEAA|Fol= ©AA
Aol s, dAAFol2}, nielEAA Gol &Kol FHoh= ForA, fEuet A
AME] Tkl sHFolA Fshd -] Ast Aol 4o Q= wislEoly At
gAtolo] ol Mgttt (Paik, 1989).
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a2 234 A NM Al =5 Fol silaeE 8 M FdE
d3ksh 5 AAM AEACIN FTatt 925 sk Aom dEA gler, A

GAF Bl g WA go] Aetr] wiiol AA iAol FHgk 23 A
A2 A F 3t (Clark, 1977; Vigneswaran et al, 1999; Palacios and
Timmons, 2001; Campos et al, 2002; Davidson et al, 2008).

T3 FABEACNA =9 FVI=s MGt Aek=d &3] AFEHH
(Campos et al, 2002; Davidson et al, 2008; Palacios et al, 2001;
Vigneswaran et al., 1999), £3| Perinereis sp.= H]E3F ojg] £2] 71X
Fol=9 #71= ol&so] Hold Zor dHA 3o (Fujioka et al,
2007), ZAAGo] Sabella spallanzaniie= %1 37 ©C £ 5H Bacillusg B|%

stof e ATS FAGEL FHT + AL S0l Yol BuE v At

+

(Stabili et al, 2006).

HO A EYoF ARbe]| At W F A AA Fol g} A
Cirriformia luxuriosav =1l7|=°] 78 ®A et F3AA o5
Lumbrinereis brevicirra® 3I|5-oA o540l Q= NS oy H2
nereistoxin®|ghi= 553 EZAH, FAHRE 0.28 w/molA A & A=
2 FZAo] Aottt o]= FFoALE e 54 Ui, o3 F-lolA
HeAl & Aslisto] AR -GS AsHy] wjimoletar (= eF A4,
1995).

Polychaetes?] A= 7 AR7F Cisolie] w4 1hehdh gaa

o o]Fold Qo AR 4Ys e YUY BUE 2 el us
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Het.

Polychaetes?] HA=ZA 7F¢ & <e#ixl 212 polybrominated aromatic
compounds®|t}. oE =9 Soft bottom®l] A2sk= tube—dwelling polychaete
Thelepus setosus(family Terebellidae) 2458 3,5—dibromo—4—hydroxybenzyl
alcohol, aldehyde, bis(3,5—dibromo—4—hydroxy phenyl)methane, thelephenol,
thelepin 5 U 719 polybrominated compounds”’} E#EHglom o]&9
72T 42w, IR, UV, MS 81 818t gk 8l g el olste] A=A
(T. Higa and P. J. Schever, 1974). °]& % 3% 12l %< thelepin
47+ Penicillium — griseofulvum® tAFEA =R {FEsE I A QL
griseofulvin® FxAOF FARSE Wtk ozl AL FFd FEY T
a9E Holo] Agdt AL ®okth Thelepine &7 £2]% thelephenol
°] phenoxy”|el £]%t oxidation/nuclephilic substitution®l] ¢Jste] A H
Aow FAHNOH o] VA thelepin® AFA NN T = AT,
Tsuge et al, 1984).

1213 Soft bottomell ‘A A sk= polychaete Phoronopsis viridis=4-¥
bromophenolZ & o] &2l¥ Atd7} It (Y. M. Sheikh and C. Djerassi,
1975). bt G225 olFolxl olg gt Fxlw, WHasvet 4
g}

ftjo
-
8

nematods®} molluscsel] o3t =4 t}, o] A& bromophenols©]

polychaetes® &S wv AHTE adE 21 & Aol 7MHE ¢
A stk o] 7MEdE AAste FRE T EL polychaetes ©]8o®

Saccoglossus, Balanoglossus, Glossobalanus, Ptychoderas 43t %7
of qAst= o8 T7/Y hemichordates (RPN FE) ZHEH YU =& fFAFst
4ol o FE8 Holth(S. A. Woodin et al, 1987).

A AAHolE oz 3 HAE A= I FTAo] A H FH
i oA AR ol M=ol st A7 &dstA o] FojA L vk &

Ao Al AFLH A AR Yol= X3 uRI}r}R] kA AMER o AHuly

xS
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2. AR D WY

2. 1. vtjE AR Fo] 4 A € £

1
B T skl A AT S AlE & RSARE ol A

201349 6 ~ 8€ (1), 2014 1 ~ 3¥€ (22D, 2014d 6 ~ 8L (3} oA
ZV7y =& oF 20T (FAFL 400T o) ol ojuje] MalFo|x EEEAa,
wE AT fFAS 359 xHAA FY9LS T o] F9 FAS Aleld

(siphon) <& &3l AAsH(Fig. 1).

12}, 22k, 3xke]l AA ARHE FAAS A FA A0 mE FERG F
AAZIE Al F 125 im sieve® FFeHHEAY EHsl+E 9 fAEG
A2 A719 AE= A ST 1 e 5% e 9
tube, 50 ml) o] B3l 2087F WA sle] FAo] BX7]E 7|ty = 2x7 &
Avhs widlo] o AES o ¥ o AA stk v e ® YR (500
RPM/10 min, Hanil MF—600) 3t} A8 7Ftetsl & ASAE& AASI -2
0Cel ¥& BaalchFig. 2). olwf, A 9 &H2d 89 e 44 55
FOoR 13 117.5 g, 22 125 g, 32 275 go]Jth

A& (Centrifuge
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Fig. 4. Marphysa sanguinea larvae community of inhabitation tube outside.

o

Marphysa sanguinea Sieve(125 pm)

Agglomeration of larvae

i - -
Separate larvae. Centrifugation
(500 RPM, 10 min).

Fig. 5. Marphysa sanguinea larvae separation process.
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2. 2. MiIE AR H o] FACERE ol 49 FF

2. 2. 1. 7189 F&

1, 2, 3z 23 AH % 49 82 B4R 130 g(&FF) 2
o

Rk FE F 10w WA Aede JHA(TY2-110, ADVANTEC)
£ o]&stol  WAME Ay wivh o FA o] A" A= 130 gF 200 meo]
MeOH(HPLC grade) & ©|&3te] s ¢ £33t & Ultra sonification® 2
60 Bt AFEUTE 1% o H#A(TY2-110, ADVANTEC) & ©] &3t
of ZAHE 13 ¢ Ay Wtk wige] riepete xbe 94 & (Centrifuge
tube, 50 md) o] B ¥ MeOH(HPLC rgrade) & 30 mé7F4 A voltexing
T Y4EE (2000 RPM/ 20 min)3tlth. HE 402 MeOH(HPLC grade)
FEES 13795 %7 (Rotavapor R—=114, BUCHii) & o] &3}o] 40°Co]a}

o 5] MeOH(HPLC grade) = T2AIZl H 20T Y5 XH A5}
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Sample ( M. sanguinea larvae )

1#:1175g
2d: 125 g
3d: 275 g

<— extracted with MeOH( 400 ml ) <

W

Supernatant precipitate
<— filtrated
A 4
Supernatant residue

[E— Evaporated

= I=*:95q
Crude extracts 2rd:101 g

2 atattd ol

Fig. 6. Diagram of extraction steps.
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2. 2. 2. A UH
1. 9% 24 (0DS-Q3) el &gt 9
TEs g 292 WA Ugd #d2H 0.0 x 20 cmell 9 A
(ODS—Q3, A7 30 um, Nomura Chemicals) S Z213lo] Ztg Fu]9] 5H5uj
@ MeOH(HPLC grade) & Al #3}a 70% MeOH 100 mt &2 B3} A
At o7]e]l MeOHZ F=% 4 F= 5= 95 9= 91 70%
247y 60 m¥ MeOH 528 &
7haA Ao w2 S8 25T 23 Al YW 3% A5 YsldE Y
13

Do

2. HPLCel st &4 =4 #2 14 A A (RPAQUEOUS)

oA} 2 (ODS—Q3, 1 X 20 cm)ollA E&j® 2+721e] MeOH &% 7-olA
FA WolEAL] Q7tF XA AlgelA] RESo] FRlE AEE packed
column (RPAQUEOUS, NOMURA CHEMICAL, 1 X 25 )& o]&3&to] A
AS AAsAT. AALELS 100% MeOH(HPLC grade) S o] £3+9]
RPAQUEOUS Z# S F38] AH e & 90% MeOH(HPLC grade) = ZH
S BPIAATY. 2 F FHL REE 40CE A 7k-d 4% (20
W) 2 AEE FJsal 90% MeOH(HPLC grade)& ol5Aoz #8319
F% 1 mt/min®Z AAE wkEste] AAstlrt. ojwf gL 221 m 2 A
=staL, 7t peak B2 A8 FE s tH(Table 1). 7 ¥ 7} peak™ME Q2

25 AN AEE ANst] WS Falstit

-

ol

3. HPLCell oJst xAHd 4o #2] 2,3% 4# (ODS SP100)
12} A (RPAQUEOUS Zr&) oA Hbg-o] 3 peak(d, 5)E 27 &
=3}l peaked column(ODS SP100, Senshu Pak, 1 X 25 cm) & ©]&3}%]

Collection @ pknu



AAE AAstect o] #AgoA= RPAQUEOUS Zdl 14 A4 7 &
Al 100% MeOH(HPLC grade)& ©]-&3to] ODS SP100 Z& (1 X 25
)& T AFHsE & 90% MeOH(HPLC grade) = ODS SP100 Z¥&
FHEsA R vUmA =i 12 AR A oA Bl
(Table 1. #&3).

T ar 7 peak MR AT Al 74 WolEdY 94w A AE

(s

= AAIE] REgo] Q= peaks FFE F AT £ (ODS SP100, 1 ml
/min, 221 nm, 40C) A o]54E& 80% MeOH=E wAate] A4 w) ]
N &5 F93tal packed column(ODS SP100) AFellA 32k FAA1E AAI5HA
t}. #HEFH S % packed column(ODS SP100) <] 3 FA¢s § F4 o

249 @R A AGE Arlstel wEAAPe] FHYOLRE 22
st

Table 1. HPLC conditions for isolation

HPLC Younglin 9300 HPLC system

Column RP Aquous column(1.0 x 25 cm, Nomura Chemicals)

Mobile phase | 90% MeOH

Flow rate 1.0 m¢/min

Detection UV wavelength 221 nm
Column .

Temperature 40 €

_‘|O_
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Crude extracts

Reverse column(ODS-Q3)

v v

100% MeOH 85% MeOH 70% MeQH

1#¢:047 g
2md 1054 g
3d: 248 g

Packed column

15t RPAQUEOUS(90% MeCH, UV 221 nm, 1 ml/min)

2nd ODS SP100(30% MeOH, UV 221 nm, 1 ml/min)

3rd ODS SP100(380% MeOH, UV 221 nm, 1 ml/min)

yL 2rd sample
Crude substance g

- 5-6-11:03 g

Fig. 7. Diagram of purification steps.
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2. 3. FRINNES 9 AF B4

=~

)

847] §9 4

i A 4-4-6" (0.28 mg) ¥ 5-6-11" (0.3 mg)el tis}o]
7

A9
ax

rlr
=
M
o
N
off
M

| (High Resolution Mass Spectrometer, JEOL,
IMS—=700) A EI mode(70eV)® =Astgom, oz} x|z 2

jo
- =

‘Y—4—6  ABO sty Fgeo] W3 :xriFy EBA 7] (Fourier
Transform Nuclear Magnetic Resonance Spectrometer, FT—NMR 600
MHz, JEOL, JNM ECP—-600)°|4 CDCl; & &wZ sto] =433t}

_‘|2_
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£

o)
=

2. 4. AP E(ZF) 9 AFH

745 AA

2. 4. 1.

Zl=Adg oA 2013

34, 7€, 104, 2014 1 ~ 44, 2014 9 ~ 10€] &= 20T ~ 25T

ARt

91& Abo]HA (siphon) & E3)

= I
= 5%

7

o)
=

e 9

4. 2.

7}

1% A FzeA TAYE A &

Fel 80 m ©]

S

Qe 3-

=
=

= 80 um sieve

|9 2t TAClA AR 2

—_
file)

L
fite)

_‘|3_
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2. 4. 3. 78 Lol EEY 47 A AIY

Q7FFE 24 or 48 well—plate(Fig. 5) 9 7} holeoll ZtZ 307042 =4
s, A% (0.2 ml, 0.5 me, 0.7 m, 0.75 m¢, 1 m¢, 1.5 m¢, 1.6 m0) ] H
el A @tk vxTE daEaE AMSsg e, AdTEE fA49
MeOH FE2< 7% 94 27 (0DS-Q3, RPAQUEOUS, ODS SP100) 2

ot

—

2HE S0 wet FEe Zpzte] PR o AEvE wE o] ¥
5% 7] (Rotavapor R—114, BUCHD) &} 527]9] A47|FE o]&3lo] &

g B st 5 JAgeF0.35 ml, 0.55 me, 0.7 me, 1 me)e] HarallsE

lethal dose for 50 percent kil)S 7] =3} t}.

Fig. 8. 24 well—-plate & 48 well—plate.

_‘]4_
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2. 5. AR AR P o] AF

2. 5. 1. | AR BFo] AT AH
gt FAR S s AlE A 2014 6 ~
1£1C, &% 500 ml/min, AFE o] 0.1 g/2
Tz

Az A AFS AR AR A,

2. 5. 2. At AR PG o] AT AT A
v el 7l x| o] XFS 6 well-plate Z} holeo] 571415 Y& 5 Wtal

T 5w Wtk dE2TE dIEdTE AREElen], AR Had el 3

Al 6" peak (2014 1 ~ 3€ F4 A8 HPLCel o3 &g £g 1

221 AT FE(5-6)S ¢ 35 M & 2417 A T 7A7 BAFs).
P

=
NAe zeFA gatov], S vjed Fh 80%E wa)Fle,

Fig. 9. 6 well—plate.
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2. 6. AAY
8ol EAA = SPSS program 18 o2& FAFEA (ANOVA test) S
2Aske] ] AaF-2 27 4 (LSD: least significant difference) &% 4+ 3+9]

273 (P<0.05) & A4 st

_‘|6_
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3. 2 ¥

1 g AAGe] £ AR 2 2o

AT T FAUS L FAEE ) SAlE A 20139 6 ~ 89 (AHAE
5), 20149 1 ~ 3€(RIFFH), 20149 6 ~ 8 (AAFTE) o 247} Arke
fAel A A 20139 6 ~ 8L (12D 4 o 2507, 2014 1 ~ 39
(27D ok 250%H7], 2014\ 6 ~ 89 (32D °F 5507 A 9@ Hesirt.

3.

FAgER FAE s AE 20139, 201439 ~ 10€9] v E AR
Py F2R99E Ao, 27T XA
Aol &89 JhA T B8] AMdeE &Y F AAE FEe BEo)
7Fsdd AAY S 193MALYE. - °]  F  paracalanus  sp.(87%),

Tigriopus sp.(6%), 71EF(7T%) =2 A= AT}

s
ko

o\
ﬁ>L
fo
3
PN

o
off

>~
oX,

Fig. 10. Ratio of copepod in copepod lethality test.
- 17 -
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3. 3. U EAR Po] S HWoERA ==

3. 3. 1. 9457 27 (0DS-Q3) 314 HelEd £3

vRQ g A= go] S 100% MeOH(HPCL grade) & F&3F X355
A4 Z(0ODS-Q3, 1 X 20 cem) &= g5ty A A|5E o] &35t
A wrol B4 o] Q7R XA Al E AA ST

1 A3 70% MeOH(HPCL grade) & (500 M) oM += 17A17Hs<F &

Z3FAARE Q747 2] Aol ob-d A EFo]l yrERUEA] oSk
85% MeOH(HPCL grade) (500 M)A = 10A%te] Ay & vlw
745 MAEANA Aol A wkgo] #EFE A, 154 4
7 Foll= 27HR 12704 (SF 30%) o &Aool glofA& & &3t
100% MeOH (HPCL grade) 3+ (500 M) oAM= 8A|7ko] A ypa A &4
o] Qo A7} BEE7| A FEar, AlZkel A Ite] wet xkE Aol )
1A= AL #7F TUFeRlTh 11A1%ke] Bt Hell= whol/de] 1Azt
gigo] o F o, 174170 st s BE A B0 gl <l
&kl
ol e] 70% MeOH =TS AlZFA=.0.0724 g, 85% MeOH 5579
A EFAE 2.2369 g, 100% MeOH §E=7-2) Al 5-Al= 0.5462 go] it

_‘|8_
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Fig. 11. Fraction result of ODS—Q3 column.

Survival rate(%)

100%

80%

60%

40%
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012345678 910111213141516

Time(h)

Fig. 12. Copepod lethality test result(fraction of ODS—Q3 column).
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3. 3. 2. Packed column(RPAQUEOUS) JoA WolE7 H3
A4 ZH(O0DS-Q3, 1 X 20 cm) w8 & A
A e7bRel Aol " 100% MeOH ¥=7% 53 ¥ packed
column(RPAQUEOUS, 1 X 25 o=z T3S AP rt packed
column(RPAQUEOUS, 1 X 25 cm) 9] &3 A¥= ot 19 (Fig. 10) %
2ol yersttt. o714 Aol As F Q7 A AlelA wkgo] st
Al YERE peaks FE 15304 30 Atolel 9] peak AT
217k9] peak® 27HF AAM A@E 3 Ax} 4™ peakol M 1AI7te] 7
7 F A ANF (LDso) & HolAs 2& &skdla, 57 6" peakol A 2
Azke] A & 9k AARF(LDso) & WolAlE A& gtk ojme 4%,
30 M, 71 MM, 360 Mo}3Att.
2757 A A8elA wHgo] AR 4" peakd] FAE 22.4 mgol L,

5" peakS 20.5 mgo] ot}

AT 27T AAMS Al el

i

1
. j=n
2
=
o
)
oY)
=
19
off
kr
el
13
L
S

ORBIO0) © 0 @ 6 06 ©

4500.00|

127667

4000.00]

3500.00]

3000.00]

2500.00]

200000

BE[mv]

1500.00]

1000.00|

33

9.8167

oi67
4333
24.0333
2 39,
> 47 2000
) 508167
P 538333
599833
616332
67 9667

Z 1 4 on0n
1

500 .DOE

D_DOF_A—A—/

0.00 10.00 20.00 30,00 40.00 50,00 60.00 70.00
AZHE]

6.28000
—

Fig. 13. Fraction result of RPAQUEOUS column (2" larvae sample).
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Table 2. Copepod lethality test of RPAQUEOUS column

fraction

* LD5O L+
Time peaks
Control
(h) @ 0 @ 6 ® ® ® ©@ ® O @
O — — — — — — — — — — — — —
1 — - - - + - - - - - - - -
2 - - - - + + 4+ - - - - = =
* 99l = packed column(RPAQUEQUS)AolA 1xF B&3sto] 4 Wro] &4 9
7t F AAMA] AL 3 Adoltt @& 18.58FE 2058, ®E 20.52FE 29.8
B ®S 29.8FHE 33.357MA9 peakZ Y9 ¥ Zo] @430 M) 1A A
I 5 G771 M), ®(360 M) 247 A Zof LDsS &3k th

Collection @ pknu
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3. 3. 3. Packed column(ODS SP100)Ato|A] Hro]EZ o] 3
Packed column(RPAQUEOUS, NOMURA CHEMICAL, 1 X 25 cm) A
oAA 2779 BHE A AA 4" peak(4), 5" peak(B)E 77

of
W
=)

M
_l (
o

% peaked column(ODS SP100, Senshu Pak, 1 X 25 cm) ZdellA]
713y &k AT
1. Packed column(RPAQUEOUS) AtollA o] 4¥# 2 (4™ peak) o] 32
1) Peaked column(ODS SP100)7elA 2%} &3
Packed  column(RPAQUEOUS)AIAS]  4HA  2#((4)°]  packed
column(ODS SP100)7ellA 22 &2 Ay}, ofgfje] 19 (Fig. 11) 3 o] 571
o] peako® WHE Ty F 5719 peak & 4" peak(4-4, 25 M)A 44
A 5 REEAANES "ol Mo, TAIZRe]l A et aA R oF 13%9] A&
T2 FASH. ojwe] A5 FAE 2.5 mgelleH, o] peaks FF3lo]
packed column(ODS SP100) el 32k &2 = 18 st3ith

5000.00 @r
H

®

400000/

300000

BE[mMV]

2000.00]

1000.00|

M

0.00 5.00 10.00 15.00 20.00 2500
AZHE

Fig. 14. 2" ODS SP100 column fraction result of 4" peak (RPAQUEOUS column).
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Table 3. Copepod lethality test of 4" peak (2™ ODS SP100 column fraction)

* LDso ¢ +
Time peaks
Control
(h) @® @ @ @ ®
0 _ _ _ _ _ _
1 _ _ _ _ _ _
2 _ _ _ _ _ _
3 - - - - + —
4 _ _ _ _ _

© 919l EE= packed column(RPAQUEOUS) Aol A 4Wa] 2E-(4)LS packed
column(ODS SP100)7%ellA 2xF F8sto] F4 Wol=de z2tF A A8
s Adolth. @ (25 M) 13.0%FE 15.3% 2 peako = 39}

of LDsos <3t al, & peakoll e Q479 A4S dojrmeg = whgS ##g

T AT
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2) Packed column(ODS SP100)%elA 32 3

22} packed column(ODS SP100)7delA] 494 &+ (4—4) 2 E packed
column(ODS SP100)7delA 32 &< 3 A, ofe 11 (Fig. 12) %
2ol F 9719 peak® EFHUTE F 9719 peak F 6" peak(16.0% ~
22.3) oA 27bF9] EA40] glojXE RS sk, o] 6" peakd
14 M 70 Moz 4 Bojzde] a5 A AEE AAslth
14 ez Agdt Aedg-or= 3A3te] ByetdqFe Q7472 &40
oA MAE &dstddar, 5A7ke] AyehAA LDspoll =3l o, AJRbo]
O Aagelxs e Al &40 floAxA= Fsteh oF 70 Moz Az
& Afole 2430 A astaA LDsoe Folalal, &4do] Holdld a7
o] A= Algre] B apgel met AMA 5] gAdo] gl far, 73] AHaek &
o= B Q75 JhAle] &40l glojdl Al Flsidint HFAor 69
4-4-6)2 0.3 mge] ol AUt

12

1%

2

023 @9 @_ @® 0O

1400.00) g
1200.00 %""' | —m
1000.00 ""“-—-—._.__
"'E‘ 800,00
81
Rl &oo.00
2
400,00, bt
ql‘\-
b - -
4] b & ] Py ety iv.=]
0 2 LRy =]
200.00) b (@ o [ 224
2 12/ NP Bkt
] sl
ooo—— R LA - N
0.00 10.00 2000 5000 4000 50.00

Fig. 15. 3™ ODS SP100 column fraction result of 4™ peak(2™ ODS SP100 column).
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100%

90%

80%

T70%

60%

0%

40%

Survivla rate{%)

10%

30%
20% -

\'\.
\\\\
\ B —e—14 ppm
—— —E ——70 ppm
\% \%\%\ —a— Control

}\ /
i

1 2 3 4 5 5] 7
Time(h)

Fig. 16. Copepod lethality test result of 6 peak (3™ ODS SP100 column).
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2. Packed column(RPAQUEOUS) el 5/ 22 (5" peak) 2] ¥4

1) Packed column(ODS SP100)%ellA 22 &2

Packed  column(RPAQUEOUS)ZJellAe]  5¥A &5  packed
column(ODS SP100)7delA 32 &8 Az, obdfe] 19 (Fig. 14)2 Zo]
wgEoiRom, F 10719 peak % 6" peak(5-6, 36 M), 7" peak(5-7,
9 M, 9" peak(5—9, 9 M), 10™ peak(5—10, 45 MDA HFSo] ¢l 4
A, 6" peakell i 1Az Axk F, 7" peakoll M 2A1F A F, 9
10" peakell A= 3A17 B3 Fof] WAAERS dolslth whekA] 71 peak
7} Rt wkso] 7 AW 6" peak(5-6)F 7" peak(5-7)% HF

stgdet. olwel g™ peal_<_(,5—-6)"'—':r'~7ﬂ'h'--51 mgoliijl, °o]Z packed

column(ODS SP100) 0% 33} #3218 AA sttt
O 0000 © @ ® @
4000.00|
&
300000 M}L.? L -%.
E —
8l
Rl zooo.00
1000.00 % - §"~ -
g J,%z‘ ' : :
® g
0.00,
0.00 5.00 1000 15.00 20.00 25 30.00 35.00 00 45.00 50.00
AZHE

Fig. 17. 2" ODS SP100 column fraction result of 5% peak (RPAQUEOUS column).
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Table 4. Copepod lethality test of

5" peak (2" ODS SP100 column fraction)

* LDso : +
Time peaks

m | ol @ ® @ ® ©® © ©

0 — - - - - - - - - - -

1 —~ - - - - -+ = == -

2 - - - - - - + + - - -

3 - - - - - - + + - +

4 - - - - - - + + - +
Y99l EE packed column(RPAQUEOUS) Atoll A 5‘?4_”/‘11 g+ (5)S packed
column(ODS SP100)7delA 23 #Este] {4 WolEdo o7tF XA AEE
3t Aol ® 17.1%FEH 22.4%, @2 22.4%5E 26.0%, @2 29.0%%H
33.0%, (0 33.0%%E 4087FA9] peakoZ FE9} o] ®(36 M) & 147+ A
S 00 M) 222 Ao 3 @0 DI @@s )2 3A1ZF F3 Fofl LDse

el 519,

Collection @ pknu
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2) Packed column(ODS SP100)%+elA 32 3
22} packed column(ODS SP100) 74l 6WA &+ (5-6) & E packed
column(ODS SP100)7¢elA 32k w3& Ay, ot 19 (Fig. 15 %
2ol 12709 peak® ®EHAT F 12719 peak T 11" peak(33.8% ~
39.78) A 27k dAdo] flofAle A& Zlsk3laL, oF 10 M, 20 M,
10 PN} 20 O = A 8|3k
ATl 2410 AastHMFE 22b 7o) tiFe] /A7 &4do] gl
, SAZE AR Fol= Be JRAY] EA4do] flol AT oF
B Ay JiAle] &g o

floixl A gdskgiar, 24 3kol At AtE EE hA S dA4e] flolXd

o

W~
o
=
o
U
2
G
<
1122
)
4
=2
)
uls
—
>,
L
o
o,
&
ol
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g
)
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Y
o
.
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ol
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.
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!
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i
=
Jet
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G
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)—A
C
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o
w
=
1o
0,
o
38
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17 8989

[mv]
20 8500
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ol

9.1333 4a0um

A67
33.3333

50.00

2667

7 5187
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Fig. 18. 3™ ODS SP100 column fraction result of 6™ peak(2™ ODS SP100 column).
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——40 ppm

Time{h)

Fig. 19. Copepod lethality test result of 11" peak (3™ ODS SP100 column).

Collection @ pknu

_29_




3. 4. WHIEAX G| fA) oI BW F5&

T ATl A mEE AR Fo]l A Wolsd &, e 2 AAY 5
> 8 oF 2609 (F5 % 1 9F 130 ¢ 7% 2 (0DS-Q3)
9] T E st A 04%9 582  HAY. Packed
column(RPAQUEOUS)ellA 3 & QZ2b7° &5 AsiA "oj:mela
peak® HHE =3 peak F 4" 5" peake packed column(ODS
SP100) Aol A 23k, 32k #&o] WA WA 4" peak (RPAQUEOUS)S 11%,
12%° +5&% B33, 5 peak (RPAQUEOUS) 25%, 6%2 +5&<
Btk HFEHoz F 9 peak F 0.3 mgd Crude substance® 535}

%A tH(Table 5).

o
A
o
o
il

Table 5. Yield of defensive substances from M. sanguinea larvae 130 g(2™

larvae sample)

ODS SP100 Z+Y
RPAQUEOUS ZH
12 &3 22 -3 3z} 3
il
Py A (ne) 22.4 2.5 0.3
250%kw] | peak |[T5& 4 ™ 12
(%)
A
5th (ng) 20.5 5.1 0.3
peak | T5&
(%) 4 25 6
" Packed column(RPAQUEQUS) Aol A 1xF #8 & &4 WojEAde Q7FF XA
of Z}7}e] F5ES B

A A A 277 dAo] glolAH 4™ peaks} 5™ peak
W 4" peaks AA GAEZ 11%, 12%2 $580] B3, 5P peak™= 25%, 6%

o #5480 Byt
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3. 5. AN Fo] AF A5 AF
Packed column(RPAQUEQOUS) el 2] &3 (5) 2] 22} packed column(ODS
SP100) &+ (5-6)< o]&slo] vtd7Ax| o] A= tdo = 3 Adox 7

o] A Tole AT AL IdTd= TA o A ow BEHT.

3. 6. o229 AZFEH g +4 7=

QAR AAPE ARl el ek AR @do] uERd el Y-
4-6" °l 5-6-11" Alzel tig A4 d3E Fig. 173} Fig. 18] 42
ek 4-4-6"  AlEE m/z 278¢] 5-6-11" AlEE m/z 280°] 7
7k M+ o] &o] o] FApRko] 47k 278 ¥l 28002 FH U

ol5o FHR BAFORRE ‘4-4-6 & BxI AWt AFo=m 2%

T

Asre 27 7F2 linoleic acid(9,12—octadecadienoic acid, #AFF 278, ¥4}
Al CigHogO9) 8 A A3 e, 5-6-110 & 2= ZA3go] 37§¢l linolenic
acid(9,12,15—octadecatrienoic acid, A 280, A} CisHz002) &F LX)

.

Aot TSk o]=9 fragment ©]259 peaks= linoleic acid ¥ linolenic
acid®] A=A spectrum¥} Hlw sk A3 ol5% - UA|sto] (William, 2013)
EoE0] 29 Wl sHARE ol AHMbEo] FUROE FHo| glon, o]F9]
Q7S AT WolEd® Aiohks Flom FHH Itk (Fig. 19, Fig. 20).

PH,  ‘4-4-6" & ZFchloroform(CDCly) S €wlZ 3t 600 MHzA =
3t proton NMR spectrumolAl= Al&%°] YT #o)(0.28 mg) TF& a4
7= E7Fs 392y methyl”] (CHs—, 0.9 M) 2} methylene (CH,—, 1.58
M) 71 A7 SlE AT (Fig. 21).
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Fig. 20. EI-MS spectrum of ‘4—4-6" .

_32_

) Collection @ pknu



1
Deta: AP-E-4-01  Date  00-Dus-2014 1430
friwt Dirmot  flon Masin ; [T
LT e -
Hﬂﬁ L]
[T

Fig. 21. EI-MS spectrum of ‘5—-6—11" .
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N N N N N N e e T

Fig. 22. Presumed structure of ‘4—4-6" (linoleic acid).

Fig. 23. Presumed structure of ‘5—6—11" (linolenic acid).

BP—d-d-p
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" Vg

44 A5 44 43 42 40 40 3% B 37 36 35 34 33 32 11 10 19 18 IT 26 IS 24 33 LD 21 L0 18 LB LT L6 LS L4 13 LD OLE LB 8% &R 0T 04 05 G403

g i

lavia
LEE1S
s

K 5 parks per Million = 111

Fig. 24. Proton NMR spectrum of ‘4—4—-6" (600 MHz, CDCls).
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Fig. 25. Agglomeration of Marphysa sanguinea larvae.
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4. 2. AHHY=(4F)

R A A o] BRFAMSGT I} AFASTF I AR R Y o
T WFE2 paracalanus sp. (Fig. 23)ith o= A3 oA o] &5 A Q715
o] 87%E XA Fom, FHd 5L A=) 1 AFF Y FEHEFE 7 75
FHE HEe] Ak TR MRS T2, A 5549 EYEE s=th
HAL A Qlo] 4wt SR A= SRR o]Foizit), FAA L)
BTl X2 A9 Al 5FA oIt 7he HAME EEste] 7S 7HA AL Qi
TSt Al 5FAE HelEo] glor, o] BF A A vk A JlojA
+ 2vlH & o)A} paracalanus sp. AAZAQA ¥ o7 AEHS A5
AZ1ZD A Al S Fall b A dFoE AEHAE FIHAA HEY
Aol F49 A8 Hiol 4% & 7 s JloE ddd

712)31 Harpacticoid A=<l Tigriopus-sp.(Fig. 24)= 6%w|9te] B &S =}

s

Ay}

Aot JERAR, L3l EAHY LAFAR D8I 2L 27 H49 AR
FrAAE 244 2R AFo] gla tFW o] Fhsty] M 49
27) BEE Al 2 IFS FE JOE BuAy
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2b% 5N 2ex WYANP  Zed WS

Fig. 26. Major genus in copepod lethality test(paracalanus sp.).

Bar = 100 pm

Fig. 27. Marphysa sanguinea juvenile predation of predacious copepod.
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4. 3. vFIEAXH o] 82 WolEF

RSP A o] FA L] WolEdS FEshs A oA o AEAA
U= A AL EAEk=E ol AASY] sl EA 8 (2000
RPM/20 min) & 33t
A4 2 (ODS—-Q3) AellAl MeOH(HPLC grade) &% w2l
oJZZo] 9l Aoz ATEE= 100% MeOH(HPLC grade) &%
ot 257 WH A = A AV APE EAEEE T
packed column(RPAQUEOUS) gellA F&stA =™ ZHAtel @l peak?)
ol FEIZE EebA 7] wZel A5E 30C ~ 40CE FX[3 deolA X
sttt

Packed column(RPAQUEQUS) oA 8% & Fol F4 WojE4 2
Q7T AAMY Alde FE Ha 370 oldel fAE WeolEAE ATEH I

30 Astn ARel ol B R Este] tg wAe A

O+

o
o

ol

|\
Ol

]

xo1—

[
A ell= packed ' column(RPAQUEOUS) AellAl  90% MeOH(HPLC
grade) & ©o]FH}OE o]fote] FEE F olgAde FEE  856%
MeOH(HPLC grade)& %3 2z} +3
A Q7R g0l A= Whgol  uEruA skt &, 85%
MeOH(HPLC grade)& °]&d 22 o]&3% packed column(RPAQUEOUS)
o] #3& FA9 WojEo] BEHANE Aow ddd & ek 1A
7S packed column(ODS SP100) &= wAsle] 38 A kSl
Packed column(ODS SP100) 2= WA ¥ 90% MeOH(HPLC grade) <
olFHE 22 EHE %, tworE 3x #¥& 80% MeOH(HPLC
grade)& ol =E wHo] #FFS A o] AAHLS packed
column (RPAQEOUS) ol 85% MeOH(HPLC grade) & ©]5/to® o]

& I E gAYl F4) W BEAS HAAsks 7t AAA A

,

7

b

1

X, ofy

&

a

ol

=
=

mlo
12
ut
ol
ol
1%
o
+
Mo
ot
i,
ko
ali
(o)
D
QO
=3
=2
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dolli 2272 &ado] glolA= peakEs &1 & I WA, packed
column(ODS SP100)°e= wAl ¥ 90% MeOH(HPLC grade)® 80%
MeOH(HPLC grade) & °]&7d 2 & o3t +8 3 A-for= 2245 A
AR AR 87T &0l glolA = peakE FlE 4 A%, 4H4HE] peak

AN
o] BEg =% packed column(RPAQUEQUS) Ao Aol 3 ®Hrl v]& HEs

Packed column(RPAQUEOUS)A oA 2] #3 & 7} peakd =29 o7+

A A Ay, 7 FAZE B wkE A|ZE Qkell-HE-g-o] e peak )

=45 Agsted ODS SP100 ZHY oA 2, 3zF 85 AAegith 7
k18

peakd =42 £ AR B of7] dEdl v55 s8] 4L & AN

BE(4-4-6)2 ®hek 70 MRS  FEoA 2417 olufel wbEX AL
(LDsp) el E="ste As wF
column (RPAQUEOUS) delA e 5A i (5) 9 HAF A I (B-6-11)
< °F 10, 20 Moz AHsdis 39 3AZol AetA Hd Be 4R
WAL FAdol gloilar, oF 40 Moz AHYst Hfols 243ko] st
BE 75 MAES &40 §loixith

Aol ez A Al eZFel gt AAPdol et EE<d

e
it
v
Q
i)
H
)
ke
o
jay)
(@)
e,
®
[N

m/z 278 ‘5-6—-11" AlEE m/z 280°] Z+z} M+ o]&o] #A=x]o] Ex}ek

RE 4—d4-6 & BEF AP

oi
o
Hl
S
10 of
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], 5-6-11" & 2% ZAdo] 2712 linoleic acid A 280, =AH
CisHs002) @F LA 3FA ). TS o] 59 fragment ©]2E52] peaks< linoleic

acid ¥ linolenic acid®] ZA=ZHEXA spectrum¥} vH|w3d A3} o]5% 2 X

sto] =0l 50 W= AL o5 AWabEo]l FAAE R Hof glow,
ol5°] LA4FE AT WoledR #Eshs Jlor FAHT
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4. 4. R EHEY FE9 Yo 229 A4 &€&

Packed column(RPAQUEOUS)ellA el 5HA  FR(5) ¢ packed
column(ODS SP100)delA 2aF +8 Ayl 6WHA Ei(5-6) 2 27HF
o} npJEAAFo] A FS FTLS FE (35 M)A Hhg AHS g Aol A

Q7= 241%F ol &S ASAT HEEAX P o] A
A ASE Aol M= HoE 9= TA Xk Ao
mehba 2 Aol A= mElE AR Fol FAe WojEA
FEF BN 72 Bz &8 7hedS glskla, o =40l on
3 =4 Wy mReiEAA o] tFFE AN AEES Fole

242 399 299 4+ YL A0E wdAt

rlr
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vk YN A G o] (Marphysa sanguinea) W& H A RN 3l 4 A&
F2A] &g 27] AEE At M & wAdeE AHH
Marphysa sanguinea +78°] H®o g2 &9 XM= g Eo] F4
TR S 3yets Aol #EEHSUTH oA 7] DA A ol EH
(deterrent) = wH|e= Aoz FHEJAY. webA apjd A Fol o] #+74
= A " 2, F=, A 5 A=Y A THsds HESL
b gt

R AA o] F A2 FAstn A7 s e WelA AitE = R
A AATHe AdFFHE Ale]lH (siphon) = &3l APtk AHE vt
AdAAHo] FAH A=, 117.5.¢) & Methanol(MeOH) FEH oz FAU
o] =45 FEI3H. MeOHE F=3 §4 & s582 94 2
(ODS—-Q3) °.& MeOH §=H (70%, 85%, 100%) -2& 3stsich 1 %
packed column(RPAQUEOUS) g4l 12k 2!, packed column(ODS
SP100) “&elAM 2, 32k &3 & XA o] #FL 2, 3% +4 AR
ME sde Fozzzy Xasiqict. o] HPoA] 72 dAE F&= U A
AR 8 WolEde o7t T AR AIE S SlE vIE A " o] AbSs TR
2 25 AT WY 84 E Qe B E T Esta A

24 (ODS—Q3) # packed column(RPAQUEOUS, ODS SP100)7delA &

juiti)

Se gz HRe APTE = QAT AN APE WAk 02
= A A oA Q7 A= o] gojA wE V)Fo F9
=

Packed column(RPAQUEOUS) Aol A1) F& 4™ peak= 2, 3%} packed
column(ODS SP100) #&8& AX1, H&E= 4-4-6" 2 °F 70 M =
Lo A 2A1Zke] At A] HEFEXANRE(LDso) = @AM, 7TAIZE A &
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ol B JHAIY &4o] glod A= Felskivt

Packed column(RPAQUEOUS)AellA 9] ¥ 5" peak: 2, 32} packed
column(ODS SP100) #+&8<& AAaL, HF 5-6-11" & ¢F 10, 20, 40
M) FIoll A 2A]7ko] A3 & REEXARE(LDso) = dolA e Ae elst
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