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(1) A8 A, ddaF 9 Ax2FY w8, »E 2 database 3}

AW Ayt 3% TF
oWy wpoly 2 F
~a R 300 FF
—F R 1T F
(2). %2 dA 2@ 89 28 AY 2@ S5FY I AH T A A
1) 347 B39 At (microbial flora) 291
2) B4 AAA Mt 7] G A A &2 Vibrio harveyi € 6%
3) B4= YalA wlo]g]l ~: Marine Birnavirus (MBV) and Lymphocystis virus
4) A5 A e AFEAH HEGAO 2 ALY FdAe B35 SUdTE

T 2 T =F (MFA27, MFA212) % g4

[27B (ICs: 9 ng/mL), 212B (ICsp: 23 pg/mL)].

-3 25 =9 (Ecklonia stolonifera) [EtOAc ext. (% Inhibition: 40)]
2) Tyrosinase ] &4

-3 =57 =39 (Ecklonia stolonifera) [EtOAc ext. (ICs: 67.0 ng/mL)]
3) Ao Hd-A AehAE

—sl g 1% (MFA212) [212B (EDsp: 160 pg/mL)]

(4) BEgdd dEe FdAA 2 224

1) 4 TFY Lol
N-acetyltryptamine, oxaline, dihydroxyisoechinulin A, echinulin.

2) 4% 9] phlorotannin¥: eckstolonol, eckol, phlorofucofuroeckol A, dieckol
(6) Adstsr Az R

D Oz 2A84 52 [E5FE 2 ascorbic acid (ICs: 10 uM/mL)]

-1 79 gZFol=: dihydroxyisoechinulin A ((ICss: 10 pM/mL)

-4 9] phlorotanninf: eckstolonol (ICsy: 8 nM/mL), eckol (ICsy: 11 pM/mL),
phlorofucofuroeckol A ICsp: 4 uM/mL), dieckol (ICsp: 6 pM/mL)

2) Tyrosinase GA&4 &2 ((E=EZ: kojic acid ICsy: 44 uM/mL)]

-4 2] phlorotanninf: eckstolonol (ICsy: 341 pM/mL), eckol (ICse: 89 puM/mL),
phlorofucofuroeckol A (ICsy: 295 uM/mL), dieckol (ICsy: 3 uM/mL)

3) ALA-A AFFEA EF [EFE 2! oxybenzone (EDsy: 350 uM/mL)]

1579 gz Rol=: dihydroxyisoechinulin A (EDsy: 130 pM/mL)
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SUMMARY

(FELFE)

1. Title

Screening of marine organisms inhabited around the marine farm, and their effective utilization
II. Object and Importance of the Study

1. Development of the resource of marine microorganism: Isolation, stock and database of the
marine-derived bacteria and fungus from the mariculture area.
2. Search for the role and relationship between mariculture-organisms and microorganism.

3. Effective utility and application of the marine-derived microorganisms.

III. Contents and Scopes
1. Isolation, stock and database of the marine—derived bacteria and fungus from the mariculture area.

2. Examination of the disease for the cultured organisms, fast diagnosis and development of

antibiotic treatment method.
3. Development of the lead compound for fine chemicals

(1) Culture, harvest, extraction of the marine-derived microorganisms and preparation of standard
sample for assay.

(2) Extraction of the marine algi and preparation of standard sample for assay.

(3) Primary biological assay: radical scavenging activity and tyrosinase inhibitory activity.

(4) Selection of the target strain for research, and assay-guided fractionation and isolation of
secondary metabolites.

(5) Development of lead compound: anti-—aging and skin whitening materials

IV. Results and Utilizing Plan

1. Results



(1) Isolation and stock of the marine-derived bacteria, fungi and algi, and construction of their
database.

1) Fish pathogenic bacteria: 3 genus and 7 species
virus: 2 species
2) Marine—derived fungus: 300 strains

3) Marine alga: 17 species

(2) Identification of pathogenic bacteria and virus for the hemorrhagic ulcer and ascites of the
flounder in the marine farms.

1) Identification of microbial flora for ascites in summer.
2) Isolation of Vibrio harveyi as a new pathogenic bacteria and marine.
3) Isolation of Birnavirus and Lymphocystis virus as new pathogenic virus.

4) Tetracycline antibiotics are effective in the treatment of ascitic disease.
(3) Biological assay and Selection of the target strain and sample for research.

1) Radical scavenging activity
— Marine—derived fungus: two samples (27B, 212M) and their activities
[27B (ICso: 9.1 ng/mL), 212B (23.8 pg/mL)].
- Marine alga: one sample (Ecklonia stolonifera) and its activitiy
[EtOAc ext. (% Inhibition: 40)]
2) Anti-tyrosinase activity
- Marine alga: one sample (Ecklonia stolonifera) and its activitiy
[EtOAc ext. (ICs: 67.0 pug/mL)]
3) Ultraviolet—-A protecting activity
- Marine-derived fungus: one sample (MFA212) and its activity
[212B (EDsp: 160 ug/mL)]

(4) Isolation-purification of bioactive constituents and structural determination.

1) Four alkaloids: N-acetyltryptamine, oxaline, dihydroxyisoechinulin A, echinulin.
2) Four phlorotannins: eckstolonol, eckol, phlorofucofuroeckol A, dieckol

(5) Development of fine chemical lead compounds

1) Radical scavenging compound [positive control: ascorbic acid (ICs: 10 pM/mL)]
- one allaloid: dihydroxyisoechinulin A ((ICsp: 10 pM/mL)
— four phlorotannins: eckstolonol (ICsp: 8 pM/mL), eckol (ICsp: 11 pM/mL),
phlorofucofuroeckol A (ICsy: 4 uM/mL), dieckol (ICsy: 6 uM/mL)

2) Anti-tyrosinase active compound [positive control: kojic acid (ICsy: 44 pM/mL)]



- four phlorotannins: eckstolonol (ICsp: 341 pM/mL), eckol (ICsy: 89 uM/mL),
phlorofucofuroeckol A (ICsy: 295 nM/mL), dieckol (ICso: 3 uM/mL)
3) Ultraviolet-A protecting compound [positive control: oxybenzone
(EDsp: 350 pM/mL)]
- one alkaloid: dihydroxyisoechinulin A (EDsy: 130 pM/mL)

2. Utilization Plan

(1) Fast diagnosis of disease for the cultured organisms, and cure or remedy.

1) Identification of the pathogenic strain by the halophilic luminescent bacteria Vibrio harveyi.
2) The forecast for ascites of the cultured flounders

(2) Mass production of target compounds and second state biological screening.

(3) Development of new lead or candidate for antioxidant and antiaging or skin whitening

materials.

V. Expected Effect

1. Development of the marine resource and their application to fine chemical industry.
2. Simple diagnosis of disease for the cultured flounder, and treatment with tetracycline antibiotics.
3. Development of new lead compound for high value-added fine chemicals

(drug, cosmetics).
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L mbol @ Abjle] FAlv)zolgtal & 4 = A "HATIE W =g

1%

33 v % ak!
A7 ER](R&D) FAH1999d = $1.39 $163 $26<]
ANEARA 7# 60% 100% 90%
P HE 7= 20% 100% 5%

8
o Al s

L) G PR Ade AFFIAA 2SR T Fat oes A,
(2) ABE A AAYA QoA T RAAAI S w3, A3 AGAA A
%) AW 9 Fus St ¥

=
el 2 e =3 vig =

2. 4754 2w

o]l 9 AT ANCDZF Badh Azl oshd, YBEY FEES FEZH O

of=o] Tash AU SFAAEo Y AERGE FFY At E &2

9 ] S e R 3 AF programoZ 10,000F o4 A

St5o] WAE o] 1 F AyAr ko R AEdEle] AlFE 1 9l manoalide, okadaic

acid 2 tetrodotoxin'®#, T AT R EATA QAAHGA A JE= 3TFE e, UM

AALE 7103 e B AU Mg ESe] Huda glo] (Table DV, 714
b2 o] HFEHa Tt ol gk #HHe A, 2y

=
2 x33 Auste A, 71 x8%E ATt
=
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Table 1. Anticancer agents from Marine Sources

Compound Source Status Some Modes of Action
Bryostatin 1 bryozoan Phase I /I modulates PKC
Dolastatin 10 sea hare(cyanobact.) Phase I  inhibits tubulin assembly
Ecteinascidin 743 tunicate Phase I  DNA alkylation
Aplidine tunicate Phase 1T nhib.macromolecular

synth.
Cemadotin synth.analogue Dold. 15 Phase I inhibits tubulin assembly
Halichondrin B sponge Preclinical inhibits tubulin assembly
Isohomohalichondrin B sponge " inhibits tubulin assembly
Discodermolide sponge " stabilizes microtubules
Hemiasterlin sponge " inhibits tubulin assembly
Laulimalide sponge " stabilizes microtubules
Isogranulatimide sponge " G2 checkpoint inhibitor
Sarcodictyin A soft coral " stabilizes microtubules
Eleutherobin soft coral " stabilizes microtubules
Curacin A cyanobacterium " inhibits tubulin assembly
Kahalalide F mollusc/green alga " lysosome disturbance
Thiocoraline marine actinomycete " inhibits RNA synth

_13_



A3F AF-7
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T SN 2 A

A Aol 22, A&

ol
of
2
g
2
R

L 770 =38 We

AR R AIRHAEA

2002d 6458 20039 11E7HA AAE GAFAZANA A Foll BT S4& sty
A FALE A = FAAE AE WA eR 3t BEFAAF), A, W se=RE AldEd b
ol 25 EeaArt.

(1) A=t

FAY AN AEE A7l Ee 5FHE vibrio A"l TCBS  agar
(thiosulfate-citrate-bile salt-sucrose)®} Edwardsiella:2] 48 uj A<l
Salmonella-Shigella) B} Ao 2H Z=dst= Wy, g &7 =& &
¥ 20 m¢ brain heart infusion brothel] H&3te] 30TCAA 17A3F &
27FA] WS AMESET. S e 10w E 9A 3 A 5ol TCBS agar®t
Vibrio 9] #2l= Fgo] A= TCBS agarollA =4 i x4 g
Edwardsiella®] 735, DSS agaroll 4] & T A AMLE A= A
dgt #Fo FHAHS Hstr] st d HAZFH 22 1774 ddsdnt. o
A3t 1.6% agar’t H7Fe BHI agar (brain heart infusion)olA 33 <=4 23}
(swarmming)3}= 7 F= 4% agar’} H7FE BHI agardl A A =587 3k th

Vibrio% ¥} Edwardsiella®°] A3}84 Alg2 Ark F2HS Watal, 53] s s34
2] Vibrio +2]& 913} nutrient broth (NB)ell 0, 3, 5, 7, 10 HAE F%

AEAFFE ddstdnh dFe WFaTe AL wEAE G HEEAY. A 7
al ] =

B AR, e, 588 duHA &2 71EuA e Alx

0,
<

32

off ¢
N
=)
oL
ol
y
b
1
2
f

(L) A g AAE

Vibrio 3tA] 7AAFe] AFEE tl2~= (Becton DickinsonAlt A¥)+= 6522 ampicillin
(AM-10ug), ceftriaxone (CRO-30xg), doxycycline (D-30¢g), gentamicin (GM-10ug),
kanamycin (K-30ug), tetracycline (Te-30pg) 513l E. tardadl W3t HALE= 15522 9 6
Z 99 nalidixic acid (NA-30ug), cefotetan (CTT-30ug), ceftazidime (CAZ-30ug),
cefotaxime (CTX-30ug), cefoxithin (FOX-30ug), ticacilline/ clavulanic acid (TIM-85 75/10
rg), cephalothine (CF-30ug), colistine (CL-10gg), immipenem (IPM-10pg)o] © F71% At}

_14_



oFA| Al 8 7] %< National Committee for Clinical Laboratory Standards (NCCLS)M¥} Becton
DickinsonAH® #3 & gt}

Extended B-lactamase A+ < 9% double disk synegy A3 Mueller-Hinton
agard] AP TE WEoZ 12/ =Ed tE T4 Tim-8E i 15mm HES 9%
t}2 Al 3AMtH cephaA g AQl CTT, CAZ, CTXE AAzgo] HA wjdsle] S wg

1154

48 AETF D ARFRATLE BolA BILL Vibrio £EF
V. parahaemolyticus ATCC 33844, V. carchariae
NCIMB 12705, V. harveyi KCTC 2720, L. damsela KCTC 2734 % t}.

(2) wpole 2

(7}) Marine virnavirus (MABV)

Hlol & 2~ &= 20034 8¢Y 21¢Y AAE I (5= 23-25 C)olA diz #AALE dx Adof (A
= 148-390 g, A 24.8-255 cm)EHE Esgon, Fol¥ npo]lzl A= fathead minnow
caudal trunk cell line (FHM)S AF&3te] 20Tl A 15Y7F vjekdt & A7 d B3 794
Aol AF-&3t o

F7NAYE £A4L e E vtely 27 MABVSIS w4387 918 thad 22 WHoRE A
Sac) wualels ~ A= %zﬂ, © % Suzuki 5] ¢Jste] Aetw primer (P1/P2, P3/PAE ©]

43ko] (Table 2), #a¥ wlolgiade o Tl wyom )it Z3t3 AAAA A Ao
X cDNAE F3 o2 RT-PCR& ?%H At Agarose gel Z3oll A J% PCR %FEo] tfal Gel
Extraction Kit (QIAGEN Co.)& c°]&3ste] 3|43t % primer (P3/P4A)E AF&3ste] ABI 310
Genetic Analyzer (Applied Biosystems Co.)& #2433tk elw A7) thafA =
Isshiki S8 28] sequencing® thdd MABVFEY Hlm HBAsgon, 2 A Algw
vlol 2 <& MABV-FZ 93}t

Jﬂ ﬂllO
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Table 2. Primers used for RT—PCR amplification of birnavirus gene

. . Product length
Primer code Primer sequence

(bp)
5'—-AGA-GAT-CAC-TGA-CTT-CAC—-AAG-TGA-C—
P1 , 359
3
P2 5'-TGT—-GCA-CCA-CAG-GAA-AGA-TGA-CTC-3'
P3 5'-CAA-CAC-TCT-TCC-CCA-TG-3' 168
P4 5'-AGA—-ACC-TCC-CAG-TGT-CT-3'

(1}) Lymphocystis Virus

Lymphocystis cellS =3 3to] HBSSO| 1:9 3]43}e] homogenizer® 2 3}3lal, 5000 rpm
of A 30% YHEZ F FS5AS FHl 045um filterZ A Fsle] A HAA 2 A|EZFEH High
pure PCR template preparation kit (Boehringer mannheim Co.)Z A}-&3lo] DNAS F=38t1
PCR primer= DNA database(see accession number AY303804)o 4] Japanese flounder®4-H
AZ&% LCDV-K1 MCP #+Hd#xE 7]%% designdtth. Primer & tWS3 ZY; forward
primer (LCDV-F: 5 -CAAGTGTTACTAGCGCTTT-3'), reverse primer (LCDV-R:
5-ATCCCATTGAACCGTTCT-3'). ©] target §¢]& 1380bp MCP %A% 1347 bpell &3t
=3

PCR <% WFg2 100 pMe 7} primer?} 0.2 mM dNTPs, 1 LU Tag DNA polymerase, 1.5
mM MgClLo]l ¥3t¥ &350 10ng? templateE FH7}ste] A Aledeh vz HdL& 4 9
5Col A 1%7F denaturation, 54 Coll A 1#7}F annealing, 72Col A 187t extension Al 7]+= Z7
o7 40 cycles APstAtt FZH AELS 15% agarose gelol| A A7) Fate] BA814

L. <

o

%

(1) M+t
M-S = AALE X Z25H 2283 Vibrio harveyi 9 Edwardsiella tardas Z}7; 2%,
1.5%29] brain heart infusion (BHI) ®jA|oll A 12A17F wjo¥3st & 2000 rpmoll 10&7F 443l

FEAS A AL 2% NaClZ 2¥ FAS & EFA1A Zd 28 A&t
(2) A3g o
Adol= AT 327-3945 g, A 15-17 en] & A A ZA A GEoa] EFntol 4
HAZ oy T 17U %‘Wﬁ Ao ALgstAh A d e A5 ASHHo R e
FZo el 50 LS % 7]

B Apstel 10 el Sacsin S8 225 TR 9 AN
gov AR Folg ABsAh AgFE 5

slo] Sulg] & diAe® sk WA E2 A3, MABV, V. harveyi ZﬂJ_ E. tarda &=
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(3) AT A

7hH MEF A9
BEE T HEAY ARE A AHoz Austy] A5ty TR FElE v E At
I AFFEHE CHSE cell lines AFE3ste] A Z® W (Cytophatic effect) 2 353t}

(L) AAAEA ¢
7d A A B, C, D, E, F 679 FEo=Z o] thSa o] AA st (Table 3).

MABV 574 2 Cytophatic effect® Z3HA YeEbd #52 V. harveyi$t E. tarda®l
AA W o8 £ 744 A¥ow Araan
A, B, C 237+ 10" TCIDsy/mee] MABV-F& 747} 100 w4 @4 B2 HEstdch 3
& ¥ 11°‘&H Bt C A@7e WAE V. harvey$t E. tarda’t 7t7t 1x10°/me= E190E 20
2ogzel 303 A AAA F 16d7 wA S dEedth 2T Fi= HBSS 100 (=
B2l @%owv}

N

Table 3. Various pathogen used in infectious test

Group Pathogen

A MABV-F
MABV-F + V. harvey
MABV—-F + £ tarda

V. harveyi

E. tarda

- m O O W

HBSS

2) 249 2.

MABV E7%4FA 2 V. harveyi®t E. tarda®]l 57F FAPHl 93 &3 71 29

A, B, C 287 10" TCIDsy/m 9] MABV-FE 7tz} 100 w9 E7el] HE3tth

= 2797, B} C 28T QYAE V. harveyi (1.2x107/u)$} E. tarda (1. 84X107/mﬂ)i 7}
zZb B2 o] 100 HAFoke] 156¥3 #HAMES #FASEHY. el D AdF= V. harveyi
(12x10"/m0)E E A TE E tarda (1.84x107/m0)E E7ol] 100 u BEFsgom, iz Fe
HBSS 100 mE &7l HEskant.

o\

N

(th) B4 &4

aa Aol EAss AT B A Al teiM = siE 5, A RS A
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(A) : SEH HLS
B) : 245
(C) : Lymphocystis virusd Al

Fig. 2. Epizootic models of cultured—bed Olive flounders during 2002—2003 years
in Koe—je island in Korea
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. §423
® A

(7h AsketA A3

TCBS agar’dol A Vibrio% 2.2 F4 5= convex, =+ flat forme =4 = kA 9]
(2002 81vF+, 20039 1057)9} Edwardsiella A ¥) =] Q1 DSS agar WAl A F 3t
covex@ o & g T S AMAavE AFE= 159 dfdgs 239 F 201 #F7)
T EHAT o]F 47 HAER] 3% TE UeT7F T FEA sBEHJT AT Vibrios
o] Alytew FEElirF+ EF NaClel HM7FE A &2 nutrient brothol A 7ol & 71538kt
TEHEE V. harveyi (32v5), V. parahaemolyticus (2377), V. alginolyticus (103+), V.
carcariae (27), V. metschenikovii (50 F)A . 1 Bfoll % Listonella damsela (7Tv5)¢ &
WAl Edwardsiella tarda (1575F)7F 8] =il o] 59 T A et2 A4S Table 49
2kt

V. harveyiv= SFAolA @@ sdo] AFEH L o widstAY, At wagd Aol
A2 E AT KIAM A o] A HoS7F A w o] 714 3R] 7127 WYl indole, methyl-red,
lysine decarboxylase 9SS YEFUH AT Sucrose, mannitol, maltose, trehalose,
cellobiose@ < W& A Z A gE2 BEATA ekt Voges-Proskauer,
£S5 YEFH A 3L ornithine decarboxylaser T3] Al o] 31 A
T ARG FeA WA AAE AAg 259 F 5 AM 257, TE 4
o, GM 135, K 375, D 4vF7F WS B ywA FAlEo dsiae dFdEs
ERf ATt

V. parahaemolyticus= TCBSo| 4 F
o] H7F¥ brain heart infusion agarolA -FF3FA &t}
(KIA) iAol A o8 wdEdsS A, oSS A% A9l th. Indole, methyl red, Simmon’s
citrate, lysine, ornithine decarboxylase®”d©]al D-glucose, mannitol, maltose, trehalose,
cellobiosel A 4FHS Q3R AT L-arabinosed| A & AF-#F7F A A X3+
Voges—Proskauer, arginine dihydrolase ¢l th. 25 7%2 NaCle]l H7FH =]
Ao FF7E AEAARE 10%7F A7 v Aol A = A E A Eekai Tt

FA AFES A 4EF T AM 4dF, TE 135, GM 2¢5F, K 375, D 1757
WS A yuA] kAo eiM = 8-S HEF AT

V. alginolyticusx TCBS agarclA =i 593 AAae] waa gegs FAsigda
16% 3ol #7Fe BHI agaroll Al 3t} Indole, Voges—Proskauer, Simmon'’s citrate,
lysine, ornithine decarboxylase dA o], D-glucose, sucrose, mannitol, trehalose,
cellobiosedl A AHS AL 71EF FEANAE 2SS AAEA Ee9t. Methyl red,
arginine dihydrolase &7 ©|t}. +#TES 10% o] #H7IE BHI brothu] Aol A A3
il NaCle] A7 A &2 wixe A= A& ekt

¢

=l
T
to
1o

g A== A8t 1.6% A

=
B #FE5L Kligler iron agar

ol
_?L
iy
=
1o
(@)
=}
=)
<
(@]
b
mg Oﬁ;
o
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Table 4. Biochemical results of the genera Vibrio, Listonella and Edwardsiella isolated from ascitic olive floun

V. harveyi V.parpahaemolyticus V. alginolyticus V. carcariae V. metschnikovii L.damse
(32 strains) (23 strains) (10 strains) (2 strains) (5 Strains) (7 strain
HoSa 100% 70 0 0 0 0
Inodole 100 100 100 100 0 0
Methyl—red 100 96 70 100 60 100
Voges—Proskauer 0 0 100 0 100 0
Simmon's citrate 93 83 100 100 100 0
lysine
100 100 100 100 100 0
decarboxylase
Arginine
) 100 0 0 0 0 100
dihydrolase
Ornithine
70 78 60 0 20 0

decarboxylase
motility 100 100 100 100 100 100
glucose—acid 100 100 100 100 100 100
glucose—gas 0 0 0 0 0 100
lactose

) 0 0 0 0 0 0
fermentation
sucrose

) 100 0 100 100 100 40
fermantation
D—mannitol

) 100 100 100 100 100 0
fermentation
Dulcitol

) 0 0 0 0 0 0
fermentation

_21_



Table 4. Biochemical results of the genera Vibrio, Listonella and Edwardsiella isolated from ascitic olive floun

V. harveyi V.parpahaemolyticus V. alginolyticus V. carcariae V. metschnikovii L.damsel:

Salicine

) 0 0 0 0 0 0
fermentation
Adonitol

) 0 0 0 0 0 0
fermentation
myo—Inositol

) 0 0 0 0 0 0
fermentation
D—Sorbitol

) 0 0 0 0 0 0
fermentation
L—arabinose

) 0 26 0 0 0 0
fermentation
Raffinose

) 0 0 0 0 0 0
fwementation
Rhamnose

) 0 0 0 0 0 0
fermentation
D—Xylose

) 0 0 0 0 0 0
fermentation
Trehalose

) 100 100 100 100 100 100
fermentation
Cellobiose

) 100 100 100 100 100 100
fermentation
Growth

0 0 0 0 0 0
0% NaCl
Growth
100 100 100 100 100 100
3% NaCl
(continued)

Table4. Biochemical results of the genera Vibrio, Listonella and Edwardsiella isolated from ascitic olive flound

V. harveyi V.parpahaemolyticus

V. alginolyticus

V. carcariae V. metschnikovii L.damsel.

Growth

5% NaCl
Growth

7% NaCl
Growth

10% NaCl

Swarming

100 100
100 100
0 0
0 0

100

100

100

100

100

100

100

100

100

100

100

100

* The number gives the percent positive after 48 h of incubation at 307C.

*xSome strains of V. parahemolyticus produced HsS in KIA after long incubation ( >1 week).

— Not tested.
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V. carcariae= TCBS agaroll A 3 543 FAAo] =4 H2hs JAsA A 1.6% g+
Aol H7F® BHI agardlAd #5359t Indole, Simmon’s citrate, lysine, ornithine
decarboxylase %A ©]%13l, D-glucose, sucrose, mannitol, trehalose, cellobiose®] A 4FS A4

393l 7 GEAAE AHS A XA TE Voges-Proskauer, arginine dihydrolase 73
ot EHTEL 10% o] HE7FE BHI broth¥l Ao A AAstH 2 NaCle] H7b=A] &2
iAo A= ARl S ekt JEd ey 1 wre] e A A AT V. alginolyticus <t
- fARSE AaE AT
V. metschenikovii= TCBS agar’dolA w=atA H&gS JA3AL 1.6% gHxe] 7t BHI
agarol Al FFE A E3Att. Methyl-red, Voges—Proskauer, Simmon’s citrate lysine
decarboxylase %Al ©]%li, D-glucose, sucrose, mannitol, trehalose, cellobioseol A AF& A4
A 7EF FEAAE AHS AAER EFT Indole, arginine dihydrolase:® E5F 24 o]
%13l ornithine decarboxylase: tH-i& &4 o] At}

L. damsela+ TCBS agar’dolA =24 =& JA4s93L 1.6% o] H7h¥ BHI agar
AN FFE5 A E39 . Methyl-red, Voges— Proskauer, arginine dihydrolase A<l
al,-D-glucose®l 4] durham¥°l] gasE A3ttt Indole, Simmon’s citrate, lysine ornithine
decarboxylase SolA SAHF-3-0]%lal trehalose®} cellobiose oAl 2FS AASIG L AF
F7} sucrose T+ mannitolol] A AFS AT 7EF 95 ]/‘1-5 2bS A A

FH AT E. tardax= DSS agarioll Al 48A17ke] A3ty the FWo] Tt FU4H-Hd
SAol HAE 22 s Pt KIA v A s HSE A2 sk A Al indole,
methyl-red, lysine, ornithine decar- boxylase %A ¢]%lal-D-glucose A durham¥ol] gasE
A stk Voges-Proskauer, Simmon's citrate, arginine dihydrolase &4°]11 3< 44
o]-&stA Lt om kel AstsrA wWolzk HE flo] ddd AFAATE YEMRT 1
Fof tiste] srAl WA HAAF A3, NA 99, TE 935, CAZ 1+5, CF 1, CL 93 "Zr
K 87 F7F WA S Yelt}. o] &d t3l extended B-lactamase A -FF5 #23 Ay A

+7} B-lactamaseE A sHA] 3T}

.

CAS
(30ug)

TIM
(75/10ug)

CRO CTX
(304g) (30ug)

CAZ : ceftazidime, CRO : cefriaxone
CTX : cefotaxime, TIM : ticarcillin/clavulanate
Disk AIOI2+Z : 1.8cm Synergy &1} &t Al Disk
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Fig. 3. Ascitic cultivated flounder with hernia



Fig. 4. Cell-line (RTG—2) Challenge Test, incubated time : 57 hours, X 40.

A) Control, B) Challanged by V. alginolyticus (RAA 35), C) Challanged by V. harvey:
(RAA 6), D) Challanged by MABV(marine birnavirus).
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Fig.
A)

B)

C)

D)

E)
F)

2 o Ale] W@ eA Ade 2%, wa}, A%, oprknl Fo A7t Gl
g A wWio] HARNAY (Fig. 5)

5. Diseased Tissues
Necrosis and inflammatory cells infiltration in the muscular layer of the skin

with bacterial colonization.
Necrosis and hemorrhages in epithelial layer of the stomach with bacterial

colonization.
Slough of the gill epithelium with multiple bacterial colonies between secondary

lamellae

Multifocal necrosis and mild congestions in liver. Hyaline degenerations of
kidney tubules and necrosis of glomerulus.

Myaline degenerations of kidney tubules and necrosis of glomerulus.

Necrosis intestine
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SHFow BEE At V. harveyie} oln] oj¥itow d
FAY 2 V. harveyi$t E. tarda®]l FAWHel osk =3t 7 AF
MABV z¢del ogk #HALE 3 MABV 9 dx

vl - @A) 9s AAEATE 1 A3, MABV-FE |39 54| %j%—fz} A
MABV-F 79 % V. harveyi®} E. tardaZ A 249 A7l 5 25 U279 A 58
3 WslE AR £ gl oo, B Ad oA MABV-F& #HAbd 93FS 7124 &
= g2 o AT a2y WIAMGE B2 HANAIE iR @ WdA Eed
MABV-FE #ZdAIZ o Foll A MABV7ZF 100% 2 =t} (Table 5). MABV-F 7ol <]3f
HAA LR o A= BaE FAst ddew, vda o] Rzt vid) wH o]l At

il

Table 5. Expt 1. Mortality and isolated pathogen rate of flounder in immersion infection to V.

harveyr and E. tarda after intraperitoneal injection of MABV

No. of organ samples No. of organ samples
Group Mortality (%) positive/ total number tested positive/ total number
for V. harvey or E. tarda tested for MABV virus.

A 10 NT 1/1 (100%)
B 30 0/1 (0%) 1/1 (100%)
C 0 - -

F 20 NT 0/2 (0%)

NT: Not Tested
(2}) MABV E7FA 2 V. harveyi®t E. tarda®l 57 FAPH 93 &8 749 29

AFeS HES AP F MABVY sl Yxo] AdS B FAZ &3 7249471 39
HAFES Hal - BA317] &) AAE AT MABV-F& &7t FAF & 71 2794 V.
harveyi (1.2x107/m0)9} E. tarda (1.84x10"/m0)E WX H7}e] HE3 A3 MABVS AT
3 A AP FA ZH7E 90%, 100% = 7HE =2 #HANES B 1Ey V.
harveyi®t E. tarda®rs ZFAAZ A@ oA = Z42F 70%9] HAA &= & 4
Hos 98 dJA1ES B o MABVY HES Ald = x+9F fAs A3

E HYrh
HIARGE 2 HAIAS it s 3 WaA BEeldd MABVE HlolgAvts HEs
o9 %

A8 o A 100%, MABV S V. harveyi®] &3+ A3 o A 50%, MABVQ‘r E. tarda
ol A 75%2] &S Hon, Aﬂ o nE A
el o& HALE oAE B4E FAst e vy ﬂ%ol HMLE]O% AN &

ol zte] &8 Fo &3o] ¥ %_Q A Th (Table 6).

HE ot mZ

a
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Table 6. Expt 2. Mortality and isolated pathogen rate of flounder in intraperitoneal infection to V.

harveyr and E. tarda after intraperitoneal injection of MABV

No. of organ samples No. of organ samples
Group  Mortality (%) positive/ total number tested positive/ total number
for V. harvey or E. tarda  tested for MABV virus.

A 25 0/1 (0%) 1/1 (100%)
B 83 2/2 (100%) 1/2 (50%)
C 100 3/3 (100%) 3/4 (75%)
D 71 3/3 (100%) 0/3 (0%)
E 49.9 1/1 (100%) 0/1 (0%)
F 28 NT 0/1 (0%)

NT: Not Tested

(2) Virus 22 2 =4 A3

(7}) Marine birnavirus

vz AdolzxRE B3 MABV-F9 VP29 NS ZAAAGIE sequencing =t (Fig. 6).
MABV-F&= d¥oA Ezld tds MABV 2859 =2 FAMES Boy, 53
A wEElgk MABVFOl dis] 7Hd =2 FAME S #23 + Ao 28y dielA
2= MABVFES M4HA X9 A717F BEF CE ##H= FolA A
MABV-F¢} ztol & H

2

fi, it 2

Mr e ot

ACARC)
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MABV-F
KJIFEV-0006
KJIFEWV-0110
K3HEG-0137
E¥TEV-9905
KEAJBG-0115
KE3aJBG-0165

MABWV-F
KJIFEV-0006
KJIFEWV-0110
K3HEG-0137
E¥TEV-9905
FaJBEG-0115
K3aJBG-0165

MABWV-F
KJIFEV-0006
KJIFEWV-0110
K3HEG-0137
E¥TEV-9905
KEAJBG-0115
K3aJBG-0165

GCGGCACCAC

FTHEEFEFTEIN
FTHEEEFEFEIN
FTHEEFEFTEIN
FEEEFEFTEFE
THAEETRTETN
FTHEEFEFTEIN

GACCALC GCA
EEEEEET HEL

FTEEFERTF IS
FTERERTTFES
FTEEEREEFEL
FTERERTTFES
FTERERTTFES

ACACTGACGT
EEEEEET HEL
EEEEEET HEE
EEEFCEEFH
EEEEEET HEL
EERTEET TEX
EEEEEET HEL

TCATCGGRL GC

TEECHEFELEY
FHEECHFEFFFN
EEECHEFELEY
FEECHFEFEES
EHRECHERTREN
TEECEFELEY

GCCGGAGECC
EEEEEETE EL

FHERFRIFIES
FERERTFI NS
FEEEREFREL
FERERTFI NS
FERERTFI NS

AL TGEACTCC
EEEEEETE EL
TEEEEETE EH
EEEEEETE EL
TEEERETE BE
EERTEELT XX
EEEEEETE EL

CGCCGACCAR

FTEFFFEFFEN
FTHEEHEHFEFHEN
FTEFFFEFFEN
FEEEFEFEELE
THEFHATRNTEN
FTEFFFEFFEN

GCTACCTAALC
R EEETHE L

FHEEHFRITFINE
FEEFRTFINTS
FEEHFEEFEFE
FEEFRTFINTS
FEEFRTFINTS

TGGGCCAGC
R EEETHE L
EEEEEETEE K
R EEETHE L
EEEERETEE K
EEEEETERES
EEE EETEEE®

TTCATCGGGE

FTEFFTFEFTES
FTHEHEFTHFEFFES
FTEFFTFEFTES
FEEEFETA[S
FHEEXFTERNRT
EEFTERLNA[Y

ACATGCAGCA
EEEEEETREL

FHEEFTRAFATH
FHEEFTRTFRFE
FEEFTEEFEEE
FHEEFTRTFRFE
FHEEFTRTFRFE

GCAC
EEEE
Tk EE
EEEE
ThEE
EEEE
EEEE

ACCTGACCAR

FEFFTEEFTIES
FTEEFTHEEFHEAN
FEFFTEEFTIES
FEFEFEEEEEY
FTEFTRETTAY
FEFFTEEFTIES

GGAGFACGCT
EEEEEETREL

FHEEFTEIFATH
FEEFEITATE
FEEFTEXFEFE
EHREXRERRHC
FEEFEITATE

50
50
50
50
50
50
50

100
100
100
100
100
100
100

134
134
134
134
134
134
134

Fig. 6. Multiple nucleotide sequence alignment of the nested PCR products (134 bp, Le. 168 bp
minus primer length) from various MABV strains. Sequences for the MABV—-F strain are shown
as a MABV  origins: MABV-F (Japanese flounder, Paralichthys olivaceus),
KJFBV—-0006 (Japanese flounder), KJFBV—-0110 (Japanese flounder), KSHBG—-0137 (spotted
halibut, Verasper variegatus), KYTBV—=9905 (yellowtail, Seriola quinqueradiata), KAJBG—0115
(amberjack, Seriola dumerili), KSAJBG—0165 (goldstriped amberjack, Seriola laland).

comparison.

(t}) Lymphocystis virus
Lymphocystis virus 792 3] 5o
5 X Hud g4A 29 g4 HoAE 28 A2 4 Ad (Fig. 2). o] HolAlg]

B PCR #H%7Z ¥, Lymphocystis virus 5°]% 1,347bp DNA ©Ho] &

o
22
i

- zng -



2027
564
125

< 1347bp

Fig. 7. Specificity of the PCR. Lanes; 1, molecular marker; 2, negative control without
template; 3, lymphocystis disease virus (LCDV).

() EAYESH A3}

HA7A] Aol AateE PSS FAHOR M & FEAAE VibrioR A3 4%
stk ey ofd FHEskA e ok FA4o] b ®H 5 FE AHste] 16s tDNAE Hol
gene sequencing®] €W Th eyt ofF ¢1x] XA FY AFS A7 e FR(AR
Al n)g WHE Afsta i o] 544 Ao AI}E gene banke S =¥ vibrio A4 W] 1L

AgFelch

vl

ATTGNACCAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCT AACACATGCAAGTCGAGCGGAAACGACTTAACTGAACCTTCGGGGAAC
GTTAAGGTCGTCGAGCGGCGGACGGGTGAGTAATGCCTAGGAAATTGCCCTGATGTGGGGGATAACCATTGGAAACGATGGCTAATACCGCATGAT
GCCTACGGGCCAAAGAGGGGGACCTTCGGGCCTCTCGCGTCAGGATATGCCTAGGT GGGATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGA
CGATCCCTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAAT
GGGCGCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGT CGTGAGGAAGGTGGTAGTGTTAATAGCA
CTATCATTTGACGTTAGCGACAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGT AATACGGAGGGTGCGAGCGTTAATCGGAATTACTGG

_30_



GCGTAAAGCGCATGCAGGTGGTTTGTTAAGTCAGATGTGAAAGCCCGGGGCTCACCTCGGAATAGCATTTGAAACTGGCAGACT AGAGTACTGT AG
AGGGGGTAGAATTTCAGGTGT AGCGTGAAATGCGTAGAGATCTGAAGGAATACCCGTGGCGAAGGCGGCCCCCTGGACAGATACTGACACTCAGAT
GCGAAAGCGTGGGAGCAANCAGGATTAGATGCCCTGGTAGTCCACGCCGTAAACGATGTCTACTTGGAGGTTGTGGCCTTGAGCCGTGGCTTTCGG
AGCTAACGCGTTAAGTAGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGT
TTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAACTTTTCAGAGATGAATTGGT GCCTTCGGGAACT CTGAGACAGGTGC
TGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTGTTTGCCAGCGAGTAATGTCGGGAA
CTCCAGGGAGACTGCCGGTGATAAACCGGAGGAAGGTGGGGACGACGT CAAGTCATCATGGCCCTTACGAGT AGGGCTACACACGTGCTACAATGG
CGCATACAGAGGGCAGCAAGCTAGCGATAGTGAGCGAATCCCAAAAAGTGCGTCGTAGTCCGGATTGGAGT CTGCAACTCGACTCCATGAAGTCGG
AATCGCTAGTAATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGT GG*

V2

ATTGAANAGTTTGATCATGGCTATTGAAGAGTTTGATCATGGCTCAGATTGAACGCT GGCGGCAGGCCTAACACATGCAAGTCGAGCGGAAACGAG
TTATCTGAACCTTCGGGGAACGATAACGGCGTCGAGCGGCGGACGGGT GAGTAATGCCTAGGAAATTGCCCTGATGTGGGGGATAACCATTGGAAA
CGATGGCTAATACCGCATGATGCCTACGGGCCAAAGAGGGGGACCTTCGGGCCTCTCGCGTCAGGATATGCCTAGGTGGGATTAGCTAGTTGGTGA
GGTAATGGCTCACCAAGGCGACGATCCCTAGCTGGTCTGAGAGGATGATCAGCCACACT GGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATATTGCACAATGGGCGCAAGCCT GATGCAGCCATGTCGCGTGTGTGAAGAAGGCCTTCGGGT TGTAAAGCACTTTCAGTCGTGAGG
AAGGTGGTAGTGTTAATAGCACTATCATTTGACGTTAGCGACAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCG
AGCGTTAATCGGAATTACTGGGCGTAAAGCGCATGCAGGTGGTTTTGTTAAGTCAGATGTGAAAGCCCGGGGCTCNACCTCGGAATAGCATTTGAA
ACTGGCAGACTANAGTACTGT AGAGGGGGGTAAAATTTCAGGTGT AGCGGTGAAATGCGT AGAGATTTGAAGGATACCGGT GGCGAAGGCGNCCCC
CTGGACAGATACTGACACTCAGATGCGAAAGCGT GGGAGCAANCAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCTACTTGGAGGTT
GTGGCCNTGAGCCGTGGCTTTCGGAGCTAACGCGTTAAGTAGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAATGAATTGACGGGGGCC
CGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAATTTTCCAGAGATGGATTAGTGC
CTTCGGGAGCTCTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGT TGTGAAATGT TGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTG
TTTGCCAGCGAGTAATGTCGGGAACTCCAGGGAGACTGCCGGTGATAAACCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGGCCCTTACGAGT
AGGGCTACACACGTGCTACAATGGCGCATACAGAGGGCAGCAAGCTAGCGATAGTGAGCGAATCCCAAAAAGTGCGTCGTAGTCCGGATTGGAGTC
TGCAACTCGACTCCATGAAGT CGGAATCGCTAGT AATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACA
CCATGGGAGTGG*

v3

ATTGAAGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGAAACGACTTAACTGAACCTTCGGGGAAAG
TTAAGGGCGTCGAGCGGCGGACGGGTGAGTAATGCCTAGGAAATTGCCCTGATGTGGGGGATAACCATTGGAAACGATGGCTAATACCGCATGATG
CCTACGGGCCAAAGAGGGGGACCTTCGGGCCTCTCGCGTCAGGATATGCCTAGGTGGGATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGAC
GATCCCTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATG
GGCGCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGTCGTGAGGAAGGTGGTGTAGTTAATAGCTG
CATTATTTGACGTTAGCGACAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCGAGCGTTAATCGGAATTACTGGG
CGTAAAGCGCATGCAGGTGGTTTGTTAAGTCAGATGTGAAAGCCCGGGGCTCAACCTCGGAATAGCATTTGAAACTGGCAGACTAGAGTACTTTAG
AGGGGGGTAGATTTCAGGTGT AGGGGTGAAATGCGTAGAGATTTGAAGGGATACCCGNGGNAAGGCGGCCCCCTGGACAGATACTGACACTCAGAT
GCGAAAGCGTGGGGGAGCAANCAGGATTAGATACCNTGGTAGTCCACGCCGTAAACGATGTCTACTTNGGGGTTGTGGCCTTGAGCCGTGGCTTTC
GGAGCTAACGCGTTAAGTAGANCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTG
GTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAACTTTTCAGAGATGAATTGGTGCCTTCGGGAACTCTGAGACAGGT
GCTGCATGGCTGTCGTCAGCTCGTGTCGTGAAATGTTGGGTTAAGT CCCGCAACGAGCGCAACCCTTATCCTTGTTTGCCAGCGAGTAATGTCGGG
AACTCCAGGGAGACTGCCGGTGATAAACCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGGCCCTTACGAGTAGCNCTACACACGTGCTACAAT
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GGCGCATACAGAGGGCAGCGAGCTAGCGATAGT GAGCGAATCCCAAAAAGTGCGTCGTAGTCCGGATTGGAGT CTGCAACTCGACTNNATGAAGTC
GGAATCGCTAGTAATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGANTGG

V4

ATTGTNGAGTTTGATCATGGCTCAGATTGAACGCTGGGGGCAGGCCTAACACATGCAAGT CGAGCGGAAACGACTTAACTGAACCTTCGGGGAACG
TTAAGGGCGTCGAGCGGCGGACGGGTGAGTAATGCCTAGGAAATTGTCCTGATGTGGGGGATAACCATTGGAAACGATGGCTAATACCGCATGATG
CCTACGGGCCAAAGAGGGGGACCTTCGGGCCTCTCGCGTCAGGATATGCCTAGGTGGGATTAGCTAGT TGGCGAGGTAATGGCTCACCAAGGCGAC
GATCCCTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATG
GGCGCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGTCGTGAGGAAGGTAGTGTAGTTAATAGCTG
CATTATTTGACGTTAGCGACAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGT GCGAGCGTTAATCGGAATTACTGGG
CGTAAAGCGCATGCAGGTGGTTTGTTAAGTCAGATGTGAAAGCCCGGGGCTCAACCTCGGAATAGCATTTGAAACTGGCAGACT AGAGTACTTAGA
GGGGGTAGAATTTCAGGTGTAGCGTGAAATGCGT AGAGATCTGAAGGAATACCCGTGGCGAAGGCGGCCCCCTGGACAGATACTGACACTCAGATG
CGAAAGCGTGGGGAGCAAAACAGGATTAGATACCCTGGTAGTNCCACGCCGTAAACGATGTCTACTTGGAGGTTGTGGCCTTGAGCCGTGGCTTTC
GGAGCTAACGCGTTAAGTAGACCGCCTGGGGAGT ACGGTCGCAAGATT AAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTG
GTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAACTTTTCAGAGATGAATTGGTGCCTTCGGGAACTCTGAGACAGGT
GCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGT CCCGCAACGAGCGCAACCCTTATCCTTGTTTGCCAGCGAGTAATGTCGGG
AACTCCAGGGAGACTGCCGGTGATAAACCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGGCCCTTACGAGTAGGGCTACACACGTGCTACAAT
GGCGCATACAGAGGGCAGCAAGCTAGCGATAGTGAGCGAATCCCAAAAAGTGCGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTC
GGAATCGCTAGTAATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGT GG

vh
ATTNTCNAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGAAACGACTTAACTGAACCTTCGGGGAACG
TTAAGGGCGTCGAGCGGCGGACGGGTGAGTAATGCCTAGGAAATTGCCCTGATGTGGGGGATAACCATTGGAAACGATGGCTAATACCGCATGATG
CCTACGGGCCAAAGAGGGGGACCTTCGGGCCTCTCGCGTCANGATATGCCTAGGTGGGATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGAC
GATCCCTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATG
GGCGCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGTCGT GAGGAAGGTAGTGT AGTTAATAGCTG
CATTATTTGACGTTAGCGACAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCGAGCGTTAATCGGAATTACTGGG
CGTAAAGCGCATGCAGGTGGTTTGTTAAGTCAGATGTGAAAGCCCGGGGCTCAACCTCGGAATAGCATTCGAAACTGGCAGACT AAAGTACTGT AN
ANGGGGGTAGAATTTCAGGTGTACCGGTGAAATGCGTANAGATCT GAAGGATACCGGNGGCGAAGCNGCCCCCTGGACAGATACTGACACTCAGAT
GCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCTACTTGGCGGTTGTGGCCTTGAGCCGTGGCTTTCG
GAGCTAACGCGTTAAGTAGATCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGG
TTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAACTTTTCAGAGATGAATTGGTGCCTTCGGGAACTCTGAGACAGGTG
CTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGT CCCGCAACGAGCGCAACCCTTATCCTTGTTTGCCAGCGAGTAATGTCGGGA
ACTCCAGGGAGACTGCCGGTGATAAACCGGAGGAAGGTGGGGACGACGT CAAGTCATCATGGCCCTTACGAGT AGGGCTACACACGTGCTACAATG
GCGCATACAGAGGGCAGCAAGCTAGCGATAGTGAGCGAATCCCAAAAAGTGCGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCG
GAATCGCTAGTAATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGG*
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@ Genetic distance (Kimura 2 parameter)

v2

vl

v3

v4

vh

vh
v4
V3
vl
v2

0.0078

0.0172 0.0179

0.0128 0.0157 0.0186

0.0208 0.0251 0.0245 0.0128

® UPGMA Tree

wd

100

97

Y2

77

w1

bootstrap iteration

number :

% V1(RC78), V2(PAA48), V3(RC70), V4(PAAB3), V5(D74)
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FUWATFOZ E tarda, E. ictaluri, E. hoshinae 5 37]%0°] Ruxojgul? o5
ot offe} woldl WHAFA O F v E FW, 1T E. tarda’} 71 =30
T 7R FAFANAME FYEden olErt AT F Qe A" o] ofF
agar A& AF&st 7] wiZol] it dvk M-S AE Gl A uiA =3
20039 %= HFYXERH JFHoR FEH
S FA T vibrioE oFH A= 4] et EoHA
& S FYUF ol Fo R, FFEY e oli 2
== (Approved Lists of Bacterial Names) ©]%o|%= A 28 Z3H(new combination)¥ 4!
AL F7EE a0 ok o]y gk £/ A T3S Aulsr|fete] B QA A A FHE b
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the Taxonomy of Vibrionaceae)= W] E.2] 23 (Vibrionaceae)?| Z3|U ¥ Aeromonass< 3
(Aeromonadaceae)= = GA A vlBE 3] AoE AMAHSA AL, V. alginolyticus®] oF& <
AE Au3tS r/}

| A 2231 37 , 35 Foz A9 AAE wiEo AAdAANA st d= EHE
o] A& %@,3}74] o871 s 44 &3 oY indoles W3 2 7hx] AgshA <l wbSE
& AdANTE AT A L Al et Aol Wete AS7F A ] wEel
53] s ATl of# o] sUrh

7 FAAY 5N Vibrioge AMlateo]l SR FEHEAL, 1 FAAME V. harveyi’t
-HFolATh 2002d %= WolAZEE v Ut Olﬁj‘-oixh_ 2003L 011 w2 u=A 9
oA 2 HE FEEAT. TFE 2l

T+ TCBS, 0.4% agar7} Z3| 7}5 BHI HHX] o A vl 7

o
o
i
Mo

Atk HAZFEH 27

FrdAo]l ATk AlgejES Al&stH WFso] & AAEo KT A A wolFrt
A9l glom 7EFe AT T dFOR V. harveyit ©lv 19361 Harveyol <] 3l
Acromobacter Harveyi® <#7 Aol YA A} o] Fo] W7oz g do] §1%

V. alginolyticus= Sakazakioll ]3| 1968 V. parahaemolyticus biotype 25 MZE FTOo=Z
ANZ Ao R FetolA 53 EeAvta Haw il YA V. parahaemolyticusWte ZEe
= HAE Ferh A3 Ao A Voges-Proskauer A<l Aol o9 wj-$- A}
& 7H Vo carcariae?t TEetE Sas Aol 7B sAHoA S EAA

& ARl A FAEA AFstanh

ol

V. carcarige’= Grimes 59¢] F£ZToA] Hog =& Ao HE Hast #o=z oy A
E3] 1.6 HAE BHI agarol Al FF3t= A% 5o V. alginolyticuse} w5 ARSI 7S <l
Ao AAbe} 22 78 733 ES dov|v A WdwoR A FoAIHL YA = Lk

V. parahaemolyticust= Aol Al AF=olu 713 AAdS Aoy WYio|ty. Pasteurella
, Pseudomonas%; Beneckea®% 71% Beneckea%:°) Vibrio% o2 E¢EWA 50 o2
ot} oA EEEH e 52 arabinoseoll A 2HS AASHE A$7F 2ol il sucroseE H|

g oole] Bs HEATIA okt ke el Fujino 5o 7Aek A syt glo] o

i ¥ .l\->
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V. metschnikovii= oxidase &4¢l Aol t}Z vibroS 3 2 Aolt} Lee SHo] 19784 7]
AE MAToR Q59 o|2W, V. cholerae biovar proteus® <& gl o]tk &3] nf

to A BElEes oz HuFoIdxg e 2 BelEx] gkl Lee 52 ¥7]A 0
A indole, lysine decarboxylase, arginine dihydrolase & ol#] A3}et# Axprt w5 7ro A
Z 23, Farmer®d A % lysine® ¥Hg-o] A2 @atx FAd Be ofgfgol YA, =
Ao A= Farmerd 715< wet indole &4 4HS lysine decarboxylase %A HF3-S UEY =
= V. metschnikovii = &7 33t}
Listonella damselaw™ o] 7| A2 BAI= Vibriogel &3 A AA W
AX7F MAE £om EFFoly 284 AYds 4o+ <l
Atk ey FUdAE E5F HAARZREHE & B2 FEHA
A FAPAY T FRdA AT HAHE 284 AFTAAA JATAoRE
o7t Qe ®
A A ZARE A okAlo] AE e FAOl A wWol AMEstal 9l tetracycline 7l
o] ok (tetracycline, doxycycline)®} ampicilline gentamicin, kanamycine 53 A 34t} 3
AR ceftriaxone 1¥S AWt =3 #F AdEe FAH FAAHS 7ME F U&=
harveyi, V. parahaemolyticus®| ™3t AW AAI TS &1, v S Eald A2k 109
of EFelAIRE 7]ES] &2 oo dEAQ HWAddow &l FUWATE E, tarda o g
kAl HAAME 15507 33 al o] 5o Al extended B-lactamase WA TFo EAFFE FAME
207 A 3MY cepha AA A WA AASE double disk synergy HAMA IS A A
o FATTE T dFE= yeA Utk autel Vibrio AltEClAE A9 avh e
AMe] E. tardal A= o2 = &37F & YEhv= Aol 5o] 34

adeole] A%, 9 % FoERYH ofFe WA woldz® 4¥A 9= marine

birnavirus (MABV)7} &2] ¥ o %l t}.
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MABVE tfeh #9947k oz nussich MABVE Az 2o %50 #94%
HERL Wk ofuet 3 o9le tE Fo daldE ddde fud an 9y ReFe
e J94e AL QT 53] oleld MAde FuAA, F G xR ofFe H
%, 52 399 % a8 74E 2Efs AAEd o Waldtty Base] gk

H AT d=F JAAME A AoZ25EH F83 MABV-FE didoe=z 9 dAl gdxd o
ot AP S HAAte] HAAZdES AT 1 A3 MABV-FRES A7 A3 TR0l A

© Hé - = ?’
v dxTet vl #HAbEe] Wyl glo] WedAdol gleol FJAFHUT. olHst A=
Ao 2 3 agquabirnavirus®d 7 Ao E ey

520 7
of, MABVE QlwbAel wo] o9 7l addols Weleo] Jehd ehee sstar. e

2
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lo,
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U WAL HAE Aol MABVZF R2l5 =2 MABV-F7

_,d
w ob
T
oZ
ATy
>
=2
32
2
o,
~
>

o] AR YES AFsA oy violH a7t Ao EAsE A

MABV-FZ 74271 3 V. harveyi$t E. tarda= A 7Gx 71 23, MABV-F9 7+~
71 Aol FElgk zfo]E RolX| kott} ool Ay Ao A gw Aldre] HA se
1] = e E

15 #AXAI71A] domn, MABVe W e Solgt Aadd S
4 AA}. olo] wke] MABV-FZ= 7 AZl &, V. harveyi®t E. tarda® 75 7FaA71 2
V. harveyi®t E. tardaWts B7ko] 79 A7] AdGHt & HAES BT olwst Aye=
Pakingking Jr. 5%¢] MABV®} E. tarda %= Streptococcus iniae EH”OE 3} g?} Eds:

Ao e FAE A7t dFEdn 28y MABV 29 3 354, E. tarda =% S. iniae
S A AR TE ATne 749N AP Te $AE HAS S watta wastgch o
3 o] ft 7] MABV ZdwAlol o] W &4d] s Ao SFHS A7 wR
olgtx Hudldrh H AFoA MABV-F ¥ 279#), Aol 2B3ds 2AAsglh
a2 Pakingking Jr. %9 ZA3tste 2, A#e] 9% 739 AT By 2 HASS B
o olfrE #tE B4 4 iéﬂﬂé AREo] MABV #Hdell A dA&S A5A7ths A oA
o o6 B Aoz d% 2 AT EF FA5el g ~EFHA AAS] HAAES
AEAR Aoz FAAT

= o7 F .

HAA &2 ZA3to] doj MABV-F+= V. harvey? &7 Ao+ 50%, E. tarda®l &3
= 75%No] - E Atk olgk & upolexel HEe] A Pakingking Jr. 523

Bowden 529 793w #aEr} o] MABVE Yx|o B7Zo FAle & 279 A

I S Ao FAAHS AASRT] W 1 7]3EEE ofAlE violy o] A4S A

MABV = %}—3%‘%‘9] FEHl= AEZWol A7 7hsetr] witel At |dA= MABV A
© 55 AWS dsta 13

Avkal & = Stk FA Al A
=

EHE = 5}0}7] AeA 2EH2E HA3 AlACK & AoR FAEM A5 e 34 ~
Ef 2 JQAES o =E g HAd S A77F Fd oo & Aotk of&y 2 FAFAA
gu o)zl AdFEHR EFHA T AHS AAEA FdFom TAHAD AJA, e 14
ZFAAE H1E o2 YelAola, o] A (microbial succession)S E3dte] thE Fo] A7t
d E AJA ] otoAX = o wm o FIAGIF Had Aom AR EH.
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t} #F ¢ BE 9 database

Agard] X ol A i3t FALA S 10% glycerole] H7FE YPMujA| o] EEA1A -75 °C 9
A B3ska, MFAOOL - MFA300 #ar A3k 300 F2 3 HFE databased} 3}t

gh T 1A vl (10 mL), 5 % EFA R ZA

83 30059 L TFE 2 YPMHEIA (0.2 % yeast extract, 0.2 % peptone, 0.4 %
mannitol, 100 % seawater) (10 mL)olA] 27-29 °C, 1547t v k3t & uwjdolo] 7+ o
obAE (10 mL)& 7Fste] F=3 v, @AW o8t 30059 otMlE F=+&
(00lae-300ae)& ZAstATE o5 300F 9] oMHE FEE5 A EE ¢tz (DPPH)
2784 9 tyrosinase HAEA S A A}

o, 54

(1) g4z (DPPH) 2A3A4Y

(7hH A& ZA: 27 ofAlEFEE (130 pL) 2 9~ d4F FS FHdke] EtOH (F2&
MeOH, DMSO %) (2 mL)el 9] 20 mg/mL= ZA|3 & o|AS wAEE 343te] 1000
g/mL, 100 pg/mL % 10 pg/mLs =% X433t}

(1}) DPPH scavenging assay: 9olA Z#|gF zF A &(130 u)E 96-well microtiter tray©ll

AT S, o7l 10 mM  TrisHCl  buffer(pH  7.2)(100 mL) DPPH
(1,1-diphenyl-2-picryl-hydrazyl) (5-50 mg)< &3AIzl &A4(10 pL)= ZF wellell 7FsFA ) 1

_37_



w3 A"e & 33 E A (microplate reader) & ©]-&3Fo] 520 nmol A FFEE SA AT
= s dEFS BAsy] 9% o Hlastel F3 = A5 £AME

N
Y
. Lo
1
™~
-
i
oo

oA EFEE (MFA000ae) (100 ul)S MeOH (900 pL)ol o] =A% 2z} A &(160 pl)
2 YRETEZEA %Abs7t 1.000] @A E= 5% (0.1 mg/mL MeOH)$| oxybenzone (160
ul) & 96-well microtiter tray®ll 3t v}, #3333 % 7 (microplate reader)E ©]-&3Fe] 340

nmell A FFeS SASAT. AlEAA e Mzl g o g ®As] 9
iz vwskay 3% A8 2AY EDs (ng/mL)#S Al4tbskdch

HEFHAE AEE dow oz 2AEd 2 Ad-A Ad &5 A8k,
g A AaA G 295 (MFA27, 212) 2 #2]H-A x}ﬂ 289 1375 (MFA212)E
AT 58, 28, olE #FESE ZAE ARE Yo E A=84Ss S4stY
2AZH AR (278, 212B) 2 1%4 221 -A Ad A8 AR (212B)E

(D 22 gArd e &3 719,

R FEFA2 (000M, 000B)E A st &ufjo] &3fAl XS =4

flash column (SiO») [€"jAl: n-hexane, n-hexane-EtOAc (1:1), EtOAc, EtOAc-MeOH (1:1),
CH:Clo-MeOH-H-0O (65:35:10) (lower phase) << MeOH] &2 94 flash column (ODS) [&
] Al: H:O-MeOH (100%6-0%), MeOH-CH:Cl> (100%-0%)] o =3t &vje] S-4T-o =2 &
AH oz &EFAA, 2 A9 TLC patternol Wk o8 & & (frl, fr2, fr3---) o= 2319
thoolo], 7t & £ AELAHES AREE sto], Aol & & E& AT FT7F9 chromatogra
phy (554 2 9k flash chromatography, LC, HPLC)S A}&3te], 1 fFEAES o AA s
At} (Scheme 1).
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Extract
Si0z or ODS column chromatography
combined solvent : n—hexane, n—hexane—EtOAc
(1:1), EtOAc, EtOAc—MeOH(1:1), MeOH or/and
CH,Cl,—MeOH—-H,0(65:35:10) (lower phase)

v v v v v
fr.1 fr.2 fr.3 fr.4 fr.5.....
chromatography

(flash or HPLC)

|
l

bioactive constituents

Scheme 1. Fractionation and purification of the bioactive

constituents from the marine—derived fungus.

(2) NFHF MPAO27TS] 27 clApd el 22,

MFAQ272] wjeked o> (27B) (1.0 g)= SiO; columnel| 4 3k
(100%6—0%) &ml& A4z &EA1A 27B1 - B69 6 +9&
Ao =2 DPPH AAEA S ZAMSE A3 27B5 oA 43 AAE
A E 2 27B5 (340 mg)E recycling HPLC (JAI-gel, W-252, MeOH) 2 23] 14
w2 A st 27B5rH4.1 (0.5 mg), 42 (0.9 mg), 4.3 (7.8 mg), 44 (1.2 mg)S LU}

§HH, 27B6 (96 mg)<= SiO2 column (CHCl : MeOH = 20 @ 1)o] o]o], HPLC (YMC
ODS-A, MeOH)® #gl A A st F+ £/ OWLEO]E, N-acetyltryptamine (27B6.2H3) (1,

35 mg) % oxaline (27B6.2H4) (2, 1.2 mg)S <}
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N-Acetyltryptamine (1) : Yellowish oil; IR (neat) Vmax 3400 (NH), 1638 (amide), 1384, 744
em s UV (MeOH) Amax (log &) 222 (4.0), 283 (2.3) nm; '"H NMR (400 MHz, CDCl3) & 8.14
(1H, br s, H-1), 704 (H, d, J = 22 Hz, H-2), 760 (1H, d. J = 80 Hz, H-4), 7.13 (1H, dd,
J = 80, 80 Hz, H-5), 7.21 (1H, dd, J = 80, 80 Hz, H-6), 7.38 (1H, d, J = 80 Hz, H-7),
298 (2H, t, J = 65 Hz, H-10), 360 (2H, dt, J = 65, 6.0 Hz, H-11), 553 (1H, br. s, H-12),
1.92 (3H, s, H-14); “C NMR (100 MHz, CDCly) & 122.0 (d, C-2), 113.1 (s, C-3), 1187 (d,
C-4), 1195 (d, C-5), 1222 (d, C-6), 111.2 (d, C-7), 1364 (s, C-8), 127.3. (s, C-9), 253 (t,
C-10), 39.8 (t, C-11), 170.0 (s, C-13), 234 (q, C-14); LREIMS m/z 202 [M]" (rel. int., 7),
154 (47), 143 (62), 130 (58), 86 (18), 70 (100); HREIMS m/z 202.1060 (calcd for Ci>H;4N2O,
202.1106).

Oxaline (2): yellow oil; IR (neat) vmax 3186 (NH), 3089, 3013, 1702 (§-lactam), 1632 (amide)
cm 5 UV (MeOH) Amax 208 (4.4), 228 (4.0), 284 (3.6), 344 (4.0), 360 (4.0) nm; "H-NMR (400
MHz, CDCl3) é&n 7.58 (1H, d, J = 7.6 Hz, H-4), 7.09 (1H, dd, J = 7.6, 7.5 Hz, H-5), 7.29
(1H, dd, J = 76, 7.5 Hz, H-6), 6.98 (1H, d, J = 7.6 Hz, H-7), 5.13 (1H, s, H-8), 12.88 (1H,
br. s, 14-NH), 837 (1H, s, H-15), 7.58 (1H, br. s, H-18), 7.23 (1H, br. s, H-20), 6.11 (1H,
br. s, H-22), 5.10 (1H, br. d, J = 18.3 Hz, H-23a), 5.06 (1H, br. d, J = 14.0 Hz, H-23b),
1.25 (3H, s, H3-24), 1.32 (3H, s, Hs-25), 3.64 (3H, s, H5-26), 3.73 (3H, s, H3-27); “C-NMR
(100 MHz, CDCls) éc 101.3 (C-2), 52.4 (C-3), 146.4 (C-3a), 124.7 (C-4), 123.4 (C-5), 1285
(C-6), 112.1 (C-7), 1465 (C-Ta), 106.8 (C-8), 1259 (C-9), 1574 (C-10), 122.8 (C-12), 165.7
(C-13), 110.0 (C-15), 126.2 (C-16), 136.8 (C-18), 134.6 (C-20), 42.4 (C-21), 142.6 (C-22),
114.1 (C-23), 24.1 (C-24), 23.7 (C-25), 55.7 (C-26), 65.2 (C-27); LRFABMS m/z 448[M+H]"
(rel. int., 100), 379 (34), 154 (12), 136 (23); HRFABMS m/z 448.1985 [M+H]" (calcd for
CosHoN504, 448.5015).

(3) St MFA2129] 27 tlAb el e,

kel o~ (212B) (600 mg)< silica gel columnol] Y3 S, n-hexane-EtOAc
(100%—0%) |vlE Aoz §EA1A 212B1 - 212B5 9] 5 £8& A%} o] £35
o2 DPPH &2AZA S ZAS A3}, 212B30l A 28 2AZA o] #dEo], o] Bg&
HPLC [YMC Co., ODS-A, EtOAc-MeOH (100%—10%)]= 2] g A5}, alkaloid 212B13
(3) (22 mg) 2 echinulin (4) (10 mg)S A AT}

Dihydroxyisoechinulin A (3) : Colorless oil; [alp -47° (¢ 0.4, CHCl3); IR (neat) vmax 3358,

3262, 3085, 1673, 1629, 1425, 1381, 1323, 1242,1160, 1024, 1000, 902, 756 cm-1; UV (MeOH)
Amax (log €) 209 (3.9), 226 (3.9), 289 (3.4), 340 (3.5) nm; CD (MeOH) (Aeg) 212 (—6.6),
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239 (+3.2), 266 (+1.7), 284 (+1.6), 341 (-1.1) nm; 'H NMR (400 MHz, CDCl;) 1091 (1H, s,
H-1), 702 (1H, br, s, H-4), 698 (1H, dd, J = 82, 1.3 Hz H-6), 729 (1H, d, J = 82 Hz,
H-7), 6.87(1H, s H-8), 836 (1H, d, J = 1.9 Hz H-11), 410 (1H, ad, J = 65, 1.9 Hz H-12),
851 (1H, s, H-14), 6.06 (1H, dd, J = 17.0, 105 Hz, H-16), 501 (1H, d, J = 17.0 Hz, H-17),
503 (1H, d, J = 105 Hz, H-17), 2.36 (1H, dd, J =135, 10.0 Hz, H-18), 293 (1H, d, J =
135 Hz, H-18), 327 (1H, m, H-19), 1.09 (3H, s, H-21), 1.06 (3H, s, H-22), 1.46 (3H, s,
H-23), 1.45 (3H, s, H-24), 1.39 (3H, d, J = 65 Hz, H-25), 411 (1H, s, 19-OH), 4.16 (1H, s,
20-OH); C NMR (100 MHz, CDCly) & 144.0 (s, C-2), 103.1 (s, C-3), 1262 (s, C-3a), 119.2
(d, C-4), 1323 (s, C-5), 123.0 (s, C-6), 111.1 (d, C-7), 1339 (s, C-7a) 110.8 (d, C-8), 124.8
(s, C-9), 160.0 (s, C-10), 51.0 (d, C-12), 166.6 (s, C-13), 39.2 (s, C-15), 1454 (d, C-16),
1116 (t, C-17), 38.0 (t, C-18), 80.0 (d, C-19), 72.0 (s, C-20) 265 (q, C-21), 24.7 (q, C-22),
276 (q, C-23), 27.7 (g, C-24), 20.3 (q, C-25); LREIMS m/z 425 [M]" (72), 407 [M-H,Ol"
(1), 382 [M-H0-CsH7l" (1), 367 [M-C3sHsOl" (13), 356 [M-CsHsl  (42), 336 [M-CaHoOs]"
(47), 298 [356-C3HsOl" (100), 268 [336-CsHs]l™ (81), 194 (41), 69 [CsHol™ (17), 59 [CsH:Ol'
(51); HREIMS m/z 425.2320 [M]" (caled for CaHziN30,, 425.2315).

Echinulin (4): White needle; Mp 242-243°% [alp -24° (¢ 0.5, CHCl3); UV (EtOH) Amax (€)
230 (39810), 279 (9549), 286 (9120) nm; 'H NMR (400 MHz, CDCly) & 804 (1H, s, 1-NH),
713 (1H, s, H-4), 6.81 (1H, s, H-6), 3.18 (1H, dd, J = 13.2, 3.1 Hz, H-10), 3.65 (1H, dd, J
= 14.8, 3.7 Hz, H-10), 441 (1H, d, J = 11.1 Hz, H-11), 598 (1H, s, 13-NH), 4.09 (1H, q, J
= 69 Hz, H-14), 566 (1H, s, 16-NH), 154 (3H, d, J = 6.9 Hz, Hs-17), 1.50 (3H, s, H3-19),
150 (3H, s, H3-20), 6.10 (1H, dd, J = 10.7, 6.6 Hz, H-21), 514 (1H, s, H-22), 516 (1H, d,
J = 66 Hz, H-22), 353 (2H, d, J = 7.2 Hz, Hy-23), 541 (1H, t, J = 7.3 Hz, H-24), 1.74
(3H, s, Hy-26), 1.74 (3H, s, H3-27), 3.38 (2H, d, J = 7.2 Hz, Hy-28), 535 (1H, t, J = 7.0
Hz, H-29), 1.80 (3H, s, Hs-31), 1.86 (3H, s, Hs-32); “C NMR (100 MHz, CDCl3) & 141.1 (s,
C-2), 1045 (s, C-3), 1215 (d, C-4), 1304 (s, C-5), 1145 (d, C-6), 1244 (s, C-7), 1318 (s,
C-8), 1304 (s, C-9), 299 (t, C-10), 55.2 (d, C-11), 1674 (s, C-12), 50.4 (d, C-14), 167.8 (s,
C-15), 20.2 (q, C-17), 389 (s, C-18), 27.9 (q, C-19), 27.9 (q, C-20), 1459 (d, C-21), 111.2
(t, C-22), 304 (t, C-23), 122.3 (d, C-24), 130.4 (s, C-25), 256 (q, C-26), 17.7 (q, C-27),
34.3 (t, C-28), 123.2 (d, C-29), 131.9 (s, C-30), 25.6 (q, C-31), 17.7 (q, C-32); LREIMS m/z
461 [MI° (), 335 (27), 334 (100), 319 (2), 279 (2), 266 (1), 264 (6), 234 (6), 194 (11), 180
(4), 99 (29), 8 (2), 69 (14); HREIMS m/z 461.3042 [M]" (calcd for CogH3zoN30o).
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2. A3
b AegA sgride A A

sl olut sfiqte] HA, sz
714, 2 FAACR AAsta = dRE AYEFet FeH
F7F 494 Aokt

300% 9] ¥ ¥ FE EElste] AF8a, databasedt P ow, AETAS A Ay 2
T oA EI 2 (27ae, 212ae)o A Ul AAGA o], 2Elal, 159 ofAlEA A (212ae)ol A
ALl -A AdrgAd o] B o] (Table 7), AT A2 A5t

Table 7. Radical scavenging and ultraviolet—A protecting activity from the

marine—derived fungus

Extract of DPPH scavenging activity UV—A protecting activity
active strain %Inhibition  ICso (ug/mL) %Absorption  EDso(ug/mL)
027ae 65
M 100<
B 9.1
212ae 63 100<
M 6.6 180
B 23.8 91
L—ascorbic acid' 5.0
oxybenzone1 100 80

1 ..
positive control

T

choAgE R ARy YR RATE
(1) Y7 MFA279] 23 tiAbd &
(7}) 27B6.2H3 (1)%

27B6.2H3 (N-acetyltryptamine) (1) Z-Ae] &4 Az Z 4 HR-FABMS ¥ “C NMR=®
HE CpoHuN,O 9 ExzAo] #aAFgom, IR ~HEH A amine (3400 cm ) 2 amide

(1638 cn ') Frelel signale] #ZE ek aelx, '"H NMR 2 “C NMRe| A3 HEd
indol % ethylamine acetate®] =47} A% o (Table 8), UV data [222 (log ¢ 4.0), 28

_42_



3 (2.3) nm] ¥ MS fragment m/z 143 [M-CH3CONH,] ¢} #Z L X35t} 2+ x187] 9 %3+
¢ 2= DEPT, COSY, TOCSY, HMQC % HMBC?2] A3t HEe o& AAFUY. &, H
MBC A &AM, H-4 ¢ C-3; H»-103 C-2, C-3, C-9¢] H-C long range coupling®], L]
a1, TOCSY &4, H-2 ¢ H-1, H2-10; Ho-103% H-2, Ho-11, H-129] H-H long range
coupling®] ¥## ¥ At}

o] Aol data EHE] 27B6.2H39 T %*+=2-(3-indolyl)ethylamine acetate (1)&
g = At

6 HN

Table 8. 'H (& mult, J) and *C (& mult) NMR data of M —acetyltryptamine®

C# o oc HMBC (H to C)
1 8.14 (br,s)

2 7.04 (d, 2.2) 122.0 (d) 8, 9

3 113.1 (s)

4 7.60 (d, 8.0) 118.7 (d) 9

5 7.13 (dd, 8.0 8.0) 119.5 (d) 7,9

6 7.21 (dd, 8.0 8.0) 122.2 (d) 4, 8

7 7.38 (d, 8.0) 111.2 (d) 5 9

8 136.4 (s)

9 127.3 (s)

10 2.98 (t, 6.5) 25.3 (1) 2, 3,9 11
11 3.60 (dt, 6.5, 6.0) 39.8 (1) 3, 10, 13
12 5.53 (br, s)

13 170.0 (s)

14 1.92 (s) 23.4 (q) 11, 13

a Recorded in CDCI3 at 400M (1H) and 100Mk (13C).
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(1}) 27B6.2H4 (2)%>%°

27B6.2H4 (oxaline) (2)= &4 o] F4 A 24, HR-FABMS % “C NMREZF-E CyHxN
504 o BAzAo] #RHQoH, R 2 EA amine (3186 cn '), -lactam (1702cm )
2 amide (1632 cm ') 1<) signale] ##= et 18 3, 'TH NMR 2 ®C NMR9] AFA 8t
AEZAI 2709 methoxyl, 1,2-substituted benzene, reversed isoprenyl, 271 2] carbonyl, 37}
°] 1,1,2-substituted double bond ¢ EA7F FAEHA ST (Table 9), 7+ X371 %] 3]

2|+ DEPT, COSY, HMQC % HMBC®| At AE o AAHIA).
o] Aol data E=HH

Table 9. '"H and C NMR Data for 143M3PH5 (2)?

27B6.2H4¢] T+%+ oxaline (2)2 34 ¥ A},

C# &t (mult., J)° & Carbon# &t (mult., J)° &
2 101.3 (s)¢ 14—NH 10.00 (br. s)
3 52.4 (s) 15 6.45 (s) 110.0 (d)
3a 146.4 (s) 16 126.2 (s)
4 7.59 (d, 7.6) 124.7 (d) 17-NH 6.01 (br. s)
5 7.09 (t, 7.6, 7.5) 123.4 (d) 18 7.59 (d, 7.6) 136.8 (d)
6 7.29 (m) 128.5 (d) 20 7.29 (m) 134.6 (d)
7 6.98 (d, 7.6) 112.1 (d) 21 42.4 (s)
Ta 146.5 (s) 22 7.59 (dd, 10.8, 10.6) 142.6 (d)
8 5.13 (s) 106.8 (d) 23 5.06 (d, 12.3) 114.1 (d)
125.9 (s) 24 1.25 (s) 24.1 (q)
10 157.4 (s) 25 1.32 (s) 23.7 (@)
12 122.8 (s) 26 3.64 (s) 55.7 (q)
13 165.7 (s) 27 3.73 (s) 65.2 (q)

®Recorded in CDCl; at 400 MHz (*H) and 100 MHz (*°C).

"Shown with clearly assignable signals.
“Multiplicities determined by DEPT spectrum.

_44_



(2) | FFE MFA2129] 23 thAbA &
(7h) 212B13 (3)*

212B13 (19,20-dihydroxyisoechinulin A) (3)& Ao -4 A=A, HR-FABMS 2 “C
NMRZFE CoH3 N304 9] FAp2Alo] AWy on [R 2 E oA hydroxyl ¥ amine
(3358, 3262 cm ') ¥ amide (1673, 1629 cn ') fref el signale]l #&E Ak 'H NMR 2 °C
NMRe] AAsk HE A3, methyl substuted diketopiperazine, trisubstituted indole, isopenten
yl, dihydroxyisopentanyl % trisubstituted double bond®] &7} F4 ¥ % o™ (Table 10), a
mide % conjugated indole chromophorei= UV data [222 (log ¢ 4.0), 283 (2.3) nm]°l 2] 3}
oAl st g1k ZF 28719 $1x+= DEPT, COSY, NOESY, HMQC % HMBC<]
A HE o8] AA AT =, HMBC A @olA, H-4 ¢ C-18; H-6 ¢ C-18 H-8 ¢}
C-2, C-3a, C-10; H-16 ¢} C-2; H-18 ¢ C-4, C-6, C-19; H-19% C-5¢] H-C long range
couplinge] #z=o} 3}§FE39 HHF 27 AA = A

g C-12 2 C-199] A dAMA = Juime (1.9 Hz)¥ Marfey®™ 3 Horeau %ol
old] Z+zh 12S H 19k wiX 2 ZAAFHAJY. A C-8/C-9 9 2549 geometry= H-83}
H3-23/242] NOE correlation® a,f-unsaturated ketone 294 carbonyl group®l] 2|3+ B-v
inyl proton®] deshielding effect (6 6.87, H-8)ol 2]3] (Z)-configuration® =& F74 % 1 t}.

o]%F¢] data 25F¥H 212B139] A g2+ 19,20-dihydroxyisoechinulin A (3)2
g = A
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Table 10. NMR Spectral Data for Dihydroxyisoechinulin A*

Carbon# S (mult., J) 1% Carbon# S (mult., J) éc

1 1091 (s) 15 51.0 (d)
2 144.0 (s) | 16 6.06 (dd, 17.0, 10.5) 145.4 (d)
3 103.1 (s) | 17 5.01 (d, 17.0)

3a 126.2 (s) 5.03 (d, 10.5) 111.6 (&
4 702 (br. s) 1192 (d) | 18 2.36 (dd, 13.5, 10.0 380 (©
5 132.3 (s) 293 (d, 13.5) '

6 6.98 (dd, 82, 1.3) 1230 (s) | 19 3.27 (m) 80.0 (d)
7 7.29 (d, 8.2) 111.1 (@ | 20 72.0 (s)
Ta 1339 (s) | 21 1.09 (s)° 265 (q)°
8 6.87 (s) 1108 (d) || 22 1.06 (s)° 247 (q)°
9 124.8 (s) | 23 146 (s) 276 (Q)°
10 160.0 (s) | 24 145 () 277 (Q)°
11 8.36 (d, 1.9) 2% 1.39 (d, 65) 20.3 (q)
12 4.10 (dq, 6.5, 1.9) 51.0 (d) | 19-OH 411 ()¢

13 1666 (s) | 20-OH 416 (s)!

14 851 (s)

* Recorded in CDCls at 400 MHz ('H) and 100 MHz (“C).
¢ Exchangable.

(\}) Echinulin (4)*

Echinulin (4)& &4¢] 24 Aa 24, HR-FABMS % “C NMREZF-E CoHxN50s ¢ #
AzAgo] BAFEYoW IR ~2HEHAA amine (3186 cm }), &-lactam (1702cm ) 2 amide
(1632 em™) freh el signale]l #2E Itk 22, 'H NMR 2 “C NMRe| A3 AEZ 3
270 ] methoxyl, 1,2-substituted benzene, reversed isoprenyl, 27} 2] carbonyl, 37§¢] 1,1,2-
substituted double bond 52°] A7} 8% o™ (Table 11), 2+ A &7]¢] A 2912 += DE
PT, COSY, HMQC ¥ HMBC¢®| “gAlg AE 93l echinulin (4)8] +2& A 3A
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Table 11. NMR Spectral Data for Echinulin®

Carbon# Su (mult., J) e Carbon# Su (mult., J) &
1-NH 8.04 (s) 17 154 (d, 6.9) 20.2 (q)
2 141.1 (s) 18 389 (s)
3 1045 (s) 19 150 (s) 279 (@)
4 7.13 (s) 1215 (d) 20 150 (s) 279 (@)
5 1304 (s) 21 6.10 (dd, 10.7, 6.6) 1459 (d)
6 6.81 (s) 1145 (d) 22 5.14 (s) 111.2 (t)
7 1244 (s) 5.16 (d, 6.6)
8 131.8 (s) 23 353 (d, 7.2) 30.4 (1)
9 1304 (s) 24 541 (t, 7.3) 122.3 (d)
10 3.18 (dd, 13.2, 3.1) 299 (t) 25 130.4 (s)
3.65 (dd, 14.8, 3.7) 26 1.74 (s) 25.6 (q)
11 441 (d, 11.1) 55.2 (d) 27 1.74 (s) 177 (@)
12 1674 (s) 28 3.38 (d, 7.2) 34.3 (t)
13-NH 598 (s) 29 535 (t, 7.0) 123.2 (d)
14 4.09 (q, 6.9) 50.4 (d) 30 1319 (s)
15 167.8 (s) 31 1.80 (s) 256 (q)
16-NH 5.66 (s) 32 1.80 (s) 177 (q)

*Recorded in CDCls at 400 MHz (‘H) and 100 MHz (**C).

. A=

73

il (

Dihydroxyisoechinulin A (3)2 A 8Ak3kA¢l vitamin C (ICs = 10.0 pM) &t 5L =}
t]Zt (DPPH) &7 %5°] #&HJom, T3k ax #e)AH AdAlz2 Ag5 1 9= oxybenzone
(ICs = 350 uM) Bt} 73k zpe]d-A xa-go] #e o], 3 4bshA] =& 3 w3} AloF 4
EEEEAY S8 B2 SH7F 7IdEn (Table 12).

Table 12. Radical scavenging and Ultraviolet—A (UV—A) protecting activity of
dihydroxyisoechinulin A (3)

Bioactivity (ICso : uM)

Compound DPPH scavenging UV—A protecting
dihydroxyisoechinulin A 10 130
ascorbic acidx 10
oxybenzonex 350

*Positive control
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A4 HeF2RE ABRY HFAATA] AR} FrolE

L a0 3 We

7F. A2 AA

AAE A AL FH FAdA A8k

BIE EAAZ F vpsetel Q& B 3 ke WL 10 ¢F 91 70 CAM 3h o
2 33 wEeld ARWAFED F AN (GERA, 0 2 AR go, o 252
A3 ds=7]2 40 CoA WSS AAS & F59 AEH #39 MeOH FE5= 700 g

o 33HE 9 E-E] 2 o3 et A

+3 MeOH F=%& 700 g hexane, dichloromethane, ethyl acetate, butanol, water
+o 2 H3 3] ethyl acetate 714 FEE 9959 g& ’“ﬂﬂﬁa‘ Zre] AZntEOHIE F5
o] phlorotannin 3}3=S #glstAtt. ZHzbe] 33ES NMR % MS 53 28 7ZhE 247
712 A A str]eh 2

(1) sst& phloroglucinol

OH

|
HO™ "0

ul
=.

AN
A

=49 BA24: CsHeOs,
EI-MS : m/z (R. int): 126(100) [M']. IR (KBr) cm % 3481, 1617, 1499, 1419. 'H-NMR (400
MHz, CDsOD): 5.78(3H, s). "C-NMR (100 MHz, CDsOD): 160.9, 96.3.

B9 gk

ok
Mo

(2) 3}8= 6 : eckstolonol
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5 R R B

=29 24 ClgH 0.

HRFAB-MS: Found, m/z 370.0324 [M]", Caled for ClsH;0Qs, m/z 370.0325. IR (KBr) cm
3243, 1635, 1518, 1494, 1396, 1281, 1243, 1207, 1154, 1118, 1089, 1012, 810. 'H-NMR (400
MHz, DMSO-ds): 9.77(C1-OH), 9.64(C9-OH), 9.60 (C6-OH), 9.27(C3-OH), 9.26(C11-OH),
6.10(1H, s, H-7), 6.041H, d, J=2.81 Hz, H-2), 6.01(1H, d, J=2.66 Hz, H-10), 584(1H, d,
J=2.66 Hz, H-4), and 582(1H, d, J=2.66 Hz, H-12). "C-NMR (100 MHz, DMSO-d):
153.3(C-3), 153.0(C-11), 146.1(C-1), 146.0(C-9), 142.1(C-4a), 141.7(C-12a), 140.1(C-6),
137.2(C-7a), 131.6(C-13b), 1259(C-5a), 122.7(C-8a), 122.5(C-13a), 122.3(C-14a), 98.8(C-2,
10), 97.6(C-7), 3} 93.9(C-4, 12).

(3) 3}$+E 6a : eckstolonol pentaacetate

AcO 1f OAc

IR (KBr) em 't 1769, 1506, 1477, 1371, 1193, 1079, 1021, 885. EI-MS m/z (R. int.): 580(M",
21), 538(45), 496(47), 454(72), 412(52), 370(100), 341(30). 'H-NMR (400 MHz, CDCl3 +
DMSO-ds):  1.59(3H, s), 1.61(3H, s), 1.64(3H, s), 1.65(3H, s), 1.73(3H, s), 5.80(1H, s),
596(1H, d, J=2.62 Hz), 597(1H, d, J=2.62 Hz), 6.00(1H, d, J=2.62 Hz), 6.02(1H, d, J=2.62
Hz).
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(4) 3}8+E 7 : eckol

OH
H[:]m,.;_:-":‘x..-*[:]m o

48
““]D”’H
OH O

Aol A FAE B

=49 A4 CisHizOy,

positive FAB-MS m/z: 372 [M]".

'"H-NMR(400 MHz, CDs;0OD): 5.93(3H, s), 5.94(2H, s), 6.13(1H, s).

YC-NMR (100 MHz, CDsOD): 1624, 160.7, 150.0, 147.7, 1476, 144.7, 143.8, 139.0, 126.1,
125.3, 125.1, 100.3, 99.9, 98.2, 96.3, 95.9.

m

(5) 3}sHE 8 : phlorofucofuroeckol A

OH
I
OH
HO™ g
|“H.
e
5 H OH
O

=40 A FAY 2
=49 A2 C30H8014.

positive FAB-MS m/z: 602 [M]".

'H-NMR (400 MHz, CD;OD): 6.63(1H, s), 6.40(1H, s), 6.26(1H, s), 597(2H, d, J=2.08 Hz),
594(1H, t, J=1.88 Hz), 592(1H, t, J=1.98 Hz), 5.83(2H, d, J=2.08 Hz). ""C-NMR(100 MHz,
CDs0D): 162.67, 162.64, 161.00, 160.97, 153.99, 15250, 151.96, 149.07, 149.03, 146.74, 144.71,

139.19, 136.15, 128.89, 125.86, 125.56, 123.17, 106.15, 106.11, 100.78, 100.22, 98.60, 98.48, 97.03,
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96.24, 96.21.
6) 3= 9 : dieckol

HO .y OH

P

f“’ “’?F°H

HO

g
OH 8]
|
J/%/Ox')mj/o"'
HO \//'I\O/J\l/
OH

=

=4 A FAHYE B

=49 #2424 CysHaiOs

FAB-MS m/z 742 [M]+. '"H-NMR (400 MHz, CD;0OD): 6.15(1H, s), 6.13(1H, s), 6.09(2H, s),
6.06(1H, d, J=2.85 Hz), 6.05(1H, d, J=2.85 Hz), 598(1H, d, /=2.76 Hz), 5.95(1H, d, /=2.76
Hz), 592(3H, s). "C-NMR (100 MHz, CDsOD): 162.67, 160.95, 158.61, 156.81, 155.33, 153.19,
148.14, 148.09, 147.92, 147.71, 145.10, 144.95, 144.20, 144.10, 139.44, 139.27, 127.28, 127.00,
126.46, 126.41, 125.67, 125.45, 125.38, 100.67, 100.56, 100.30, 100.19, 98.47, 97.02, 96.65, 96.57,
96.17.

ot AEEA

(1) DPPH &4z 4% =74 (DPPH radical scavenging assay)®

=¥ FEEESFH Y3 ZEEUEUR e kst G4ES dolrR7] 9l
DPPH E}_T;] 7 AAES 5]_7] e 2 6‘4H1—1:H =4 Z;ga-}.gi\:]..

WA, 7 F2d 3= (1.25~320 pg/ml)= wESo] =0 160 wH FHslo] 1.
10° M 9 DPPH #l&& & 40 wo} & Fg3 F, o] whg EgFs Aeo]A 3087t
3k % microplate reader spectrophotometer (VERSAmax)® 520 nmolA] 3 ==
th A EE HIbeHA 2 548 dExad vaste] A god A4S HEER
i, 50 % Asl FE=(Cs)E ALsEA . A X+ 33 HbE 23] 3
= YeEhi ok
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=9 2FEE 2 7 &l 2IEY HEAUA A&l 2= L-HEAE 7FERE 3§
o] 1= 5% WS okl W sle] =3t
A1 mM L-g] 2 (x4l v 7}AL), 50 mM potassium phosphate buffer ( pH 6.5)

il |
FE 10110199 v&= &3 vg 23 170 wol ¥ 2FEEMEE FE55) 2
5 10 e HA Bl ZAYUAFE< (1000 units/ml)S 20 S 78t HE4 o
o] 200 w7} H == 96-well microplated] ¥ ATt o] WFE- NS 25 Toll A 0%+ Hj
microplate reader (Versa max)ol A 490 nm®] 3% © & dopachrome A &S =4 3d}
ol mAae EAES (U oA da3 =3 stollA &% 1 mmole®] dopachromes A3
= 2AaY Yo Ao HEAUA AsEA %= sl Aoz et st W
1 A= FFE(Asamp)E AMAE DRSS W] 490 molAe] FHE, iF THE
(Astd)= AdNAE DA %S W 490 mol A F3% 2 g2 F3E(Actrl)= A3
ol

2 Yo g4 9A &S wo] 490 mol Ao FFEolw, 490 nmoll 4] dopachrome?]
3.3 x

5
D

N
~
=)
(¢

ot ol

oo ki I
2o o oo ol

ol ox
ol

i
8 9
>~

AdE 33 x 10° olth Ad FFE wE-As] Ao Wargel 9s] dojxl 371 £x9) 50
% Al wxe] Frow veplidh g iz 2= kojic acid (A 2RF AbS ARE3ES
% A& = 1-(N 79 FF=- dxa FRE)/EE F35= x 100

=3 MeOH F=%3 1 ¥3%E Fo|A DPPH radical 27 &4 ¥ tyrosinase # 3f
Aol 7 Holwt EtOAc 7H84 352 SiO» column chromatography S )¢
phloroglucinol®} eckol, phlorofucofuroeckol A, dieckol2 ##|dlR o™ o529 FZ= MS
a8a 'H o PC NMR datast 82 waste] 248t o5 FydAE Ago=
Hiux s Aottt sgE 25 Ak 39 FAY FEoln, positive FAB mass
spectrum®| A = m/z 370 Ao peak”’}, negative FAB mass spectrumol| A= m/z 3699 4
oA} FEA}o]2 peak’} WEsEAL, HR FAB mass spectrumol A m/z 370.0324 (m/z 370.0325
Caled for CigHpgOg)ol A H-AFo]2 peak”’} YElW o, B X3 x= 142 eyt 3H3E 69
BC-NMR spectrum®l A= 57019 non-substituted carbon, 18] 13712 Atx7} Ad=
WakE 27 eI, "H-NMR spectrumol A= 5 7] E4 A2 aromatic protonol
sl g3k signal, S § 6.04 (1H, J=2.7 Hz)¥} 582 (1H, J=2.7 Hz), Z18]l3 § 6.01 (1H, J=2.7
Hz)¥} 584 (1H, J=2.7 Hz)ol A 270 ¢] AB system, 283 § 6.10 (1H)oll A 3119 singlet,
Wl olyel § 9.77, 9.64, 9.60, 9.27¥ 9.26°1 4] 57§ 2] phenolic hydroxyl proton signal®]
LEFSETE o] 5 NMR spectra®l %Atol Ecklonia kuromeol Al #2]% eckol (7) 3} uf$-
H| szl o] 31E 69] 3 7H9] phloroglucinol @9l 2 FAH U SS Wil ©A], 31E
6 3 72 #olHS 1H-NMR spectrumol A AA7F 3F1+9] phenolic hydroxyl proton®} 3Fu+<]
aromatic proton®] At= Aol o] AL 33HE 79 C-29 C-2' Aloldl aryl ether
linkage”} 3ty F71d FZ2US 9udit} ol e A 22 oxygen bearing carbon
signal (§ 122.7, C-8a)¥} acetylation®l] 23] ¥4 ¥ pentaacetate (6a)2] 1H NMRol|A 57§ 9]
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acetyl”]9ll 7]218}+= singlete] YEFSEI, 33HE 6a2] EI mass spectrumo©l| 4] acetyl 717}
eapA o7 Wolx vk ZHzEe] fragmentation©] m/z 580 (M, R. int.; 21), 538(45),
496(47), 454(72), 412(52)ol - YEMY I, m/z 37014 2] s3tEo Bl e
peake] WEPFo =M ol Abdg sy sfFa Sk $3HE 62 HMQC, HMBC 12|l
NOESY spectracl 984 EE proton®} carbon® signalS W aaA4 2AA 39t HMBC
spectrumol| A, § 9.779F C-1 (§ 146.1), C-2 (& 98.8), C-14a (§ 122.3) 7te] cross peak,
83 § 9.279F C-2 (6 98.9), C-3 (6§ 153.3), C-4 (6 93.9) 1+¢] Z+7te] cross peak”f
HAoZH C-13 C-39 hydroxyl groupel Z7Z} &S 7Felzlv) w7k A 2, § 9.26%%
C-10 (8 98.8), C-11 (6 153.0), C-12 (6 93.9)7t2] cross peak, § 9.649} C-8a (6 122.7), C-9
(6 146.0), C-10 (6 98.8)7t2] cross peak’} C-11¢} C-99] Z}Z} hydroxyl groups®] o<
YEF A T3k § 9.609F C-5a (6§ 125.9), C-6 (§ 140.1), C-7 (6 97.6)7F2] cross peak+
C-6°] hydroxyl group®]l a5 AT F AATh FFE 6 FFE T4 g 27
ol FH7F glar o] &l nMAEs o2 YEyten 'TH NMR spectrumel 4
H-2¢ H-10, L¥] a1 H-4¢} H-12A}0] 9] 318} o] &x|7F ko vz o] 3g&o YA
HHFxE A4, 2822 3%E 62
5,8,13,14-tetraoxa—pentaphene-1,3,6,9,11-pentaol= Z A3} 31 A E A Z A eckstolonol (6)%
8 kAt

+Y FEEZHH 83 phlorotanninf o] 3s=EE9 dibsla = Table 1300 A
o 7 A& ZAAH, DPPH gt Z& a4 o =z Asfsta =, 29 ICs*]+= phloroglucinol

o] 956.9 uM, eckstolonol®] 8.8 uM, eckol 11.5 uM, phlorofuroeckole] 4.7 uM % dieckol®] 6.2
pMeol gtk 3 FAFETFCl  L-ascorbic  acid® ICsxlE 103 uMS  YERHAC
PhloroglucinolS #|¢]3F R phlorotannini ol A 723k radical A& eF ST o A
Ao wek 3y 2FEE H 7 &v EYEY HEAYAS A3]ade Table 1404 e}
W vle} o] ethyl acetate 7H&A E 8ol A Iesox7F 67.02 pg/ml = FE213 A4S e
ot #3319 EtOAc #8EoA 8 574 Z22ed i 3E9 EEAUA A A4S
Table 15°] WeERWRAT. Tablelsol X & < = AAH, 57HA Z22ddR{ gd=9<
phloroglucinol (3}3tE 5), eckstolonol (3}5H& 6), eckol (3% 7), phlorofucofuroeckol A
(3tg= 8) % dieckol (3= 9)2 HEAIUA &4 A2 Afgs ¢ + Al
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Table 13. DPPH radical scavenging activity of phlorotannins

compounds

ICs0 pg/ml (uM)

phloroglucinol (5)

120.6 (956.9)

eckstolonol (6) 3.3 (8.3)
eckol (7) 4.3 (11.5)
phlorofucoeckol A (8) 2.8 (4.7)
dieckol (9) 4.6 (6.2)
L—ascorbic acid 1.8 (10.3)

Table 14. Tyrosinase inhibitory activity of

fraction of Ecklonia stolonifera

the MeOH extract and

samples ICs0 (ug/ml)
MeOH extract 354.02
n—hexane fraction >500
dichloromethane 183.41
ethyl acetate fraction 67.02
butanol fraction >500
water fraction >500
kojic acid 4.57

Table 15. Tyrosinase inhibitory activity of phlorotannins

compounds

ICs0 (pg/ml) (uM)

phloroglucinol (5)

92.8 (736.6)

eckstolonol (6)

126.3 (341.4)

eckol (7)

33.2 (89.3)

phlorofucoeckol A (8)

177.3 (295.4)

dieckol (9)

2.2 (2.9)

kojic acid

6.3 (44.5)
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1. st=A A

7} SCI 54 A#38<%A (Impact Factor: )

(1) Li, Y, Li, X. F., Kim, D. S., Choi, H. D. and Son, B. W.

Indolyl alkaloid derivatives, Np—acetyltryptamine and oxaline from a marine-derived fungus.
Arch. Pharm. Res. 26(1): 21-23 (2003). (IF: 0.73)

(2) Hye Sook Kang, Hae Young Chung, Jee Hyung Jung, Byeng Wha Son, and Jae Sue
Choi

A new phlorotannin from the brown alga Ecklonia stolonifera.
Chem. Pharm. Bull., 51(8), 1012-1014 (2003). (IF: 1.113)

(3) Hye Sook Kang, Hae Young Chung, Ji Young Kim, Byeng Wha Son, Hyun Ah Jung

and Jae Sue Choi,

Inhibitory phlorotannins from the edible brown alga Ecklonia stolonifera on total reactive
oxygen species (ROS) generation.

Arch. Pharm. Res., 27(2), 194-198 (2004). (IF: 0.73)

(4) Yong Li, Xifeng Li, Jung Sook Kang, Hong Dae Choi, and Byeng Wha Son,

New radical scavenging and ultraviolet—A protecting prenylated dioxopiperazine alkaloid
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related to isoechinulin A from a marine isolate of the fungus Aspergilius.
J. Antibiotics, 57(5), 337-340 (2004). (IF: 1.347)

7F. = A e 3

(1) Byeng Wha Son

Invited Lecture of "Chemistry of marine microorganisms: developing a new fine chemical
resource” Proceedings of KSP-JSP-CCTCNM Joint Seminar 2002, p. 41-49. August 6-8,
2002, Hotel Lotte, Daejeon, Korea.

(2) XiFeng Li, &, =4, £33}

Bioactive secondary metabolites from a marine-derived fungus (MFA898). Proceedings of
2003 Annual Meeting & International Symposium of the KMB. Microbial functional
genomics & its application. p. 268 (2003). (Hotel Tirol, Muju, June 24-26, 2003).
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(1) Kang, Hye Sook; Chung, Hae Young; Jung, Jee Hyung; Son, Byeng Wha;
Choi, Jae Sue

A new phlorotannin from the brown alga Ecklonia stolonifera. Proceedings of the
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Indolyl alkalod derivative Nb-acetyltryptamine from a marine-derived fungus (MFA936),
The 92nd National Meeting of the Korean Chemical Society, Program and Abstracts, p. 483
(BEXCO, Busan, 16-17. 10, 2003).
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3. Ak Ak
7h A HEAUYA A ddS Ad w59 FEE B ORFYH 223 FRRYURE

st3l+= A& {Composition comprising phlorotannins or the extract of Ecklonia
stolonifera Okamura having tyrosinase inhibitory activity}.
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{Composition comprising phlorotannins isolated from the extract of Ecklonia stolonifera
Okamura having anti-oxidative activity}.
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