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Antimicrobial Activitiesof Korean Marine Algae
against Fish Pathogenic Bacteria
So Young Kang', Myung-Joo Oh and Jong-Ahm Shin*

Department of Aqualife medicine, Yosu National University Yosu 550-749, Korea
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To obtain antimicrobial algae against fish pathogenic bacteria, we screened 80% methanolic extracts of
30 algae using fish pathogenic bacteria, Staphylococcus sp., Sreptococcus sp., Edwardsiella tarda and Vib-
rio anguillarum. Among them, Corallina officinalis, Dumontia simplex, Gloipdltis furcata, Grateloupia
lanceolata and Grateloupia turuturu were effective for growth inhibition of a Gram-positive bacterium,
Saphylococcus sp.. Sargassum thunbergii and Polysiphonia morrowii exhibited significant inhibitory
effects against the growth of Gram-negative bacteria, both E. tarda and V. anguillarum. Moreover, antimi-
crobia activity-guided fractionation for P. morrowii extract yielded significantly active 90% methanolic
fraction. This fraction significantly inhibited the growth of E. tarda exhibiting a MIC of 1 mg/ml. In addi-
tion, itsantimicrobia activity was stable under various pH conditions.

Key words: Antimicrobial algae, Fish pathogenic bacteria, Edwardsiella tarda, Polysiphonia morrowii,
Corallina officinalis, Dumontia simplex, Gloipeltis furcata, Grateloupia lanceolata, Gratel ou-
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(Asa et al., 2004; Liu et al., 1997; Mayor and
Hamann, 2002, 2004). 1 < A=7F YA 3l
£ alxRel geEe e FrgyEdRe
S22 3}5HE, diterpene 2 triterpened] SHHE
So] BaEoe] t} (Ali et al., 2002; Bennamara
et al., 1999; Enoki et al., 1982; Kurata and Amiya,
1980a, 1980b; Vairappan et al., 2004; Xu €t al.,
2003). L&, ol H gk AT A sl =
ghe]o] Sl W okl o] FHE A Al o
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Table 1. Antimicrobid activities of agee extracts’

Scientific name
(Korean common name)

Bacterid Strains

Saphylococcussp.  Streptococcus p.

E.tarda

V. anguillarum

Chlrorophyta
Capsosiphon fulvescens (1] A 1)
Codiumfragile (3 2})
Enteromorpha linza (% 3}-2f)
Enteromorpha prolifera (zt2})
Monostroma nitidum (Z}-2f))
Ulva pertusa (<78 2 u}-2f)
Phaeophyta
Hizkia fusformis (£)

Ishige okamurae (=)
Nemacystus decipiens (1] L7} A])
Sargassum horneri (34 A o] 2 A}Et)
Sargassumthunbergii (2] Z&°])
Slvetiasliquosa (5+57])
Undaria pinnatifida (=] 1)
Rhodophyta
Callophyllisjaponica (3 &->$))
Campylaephora crassa (7724 %)
Chondria crassicaulis (4] 41)
Corallinaofficinalis (At 5. H)
Dunmontia simplex (-2 € o})
Gdidiumamansi (7= 71A}2))
Gloiopdtisfurcata (&%5Z7At])
Gracilariatextorii (J 7242 71])
Gracilariaverrucosa (ZZA] 2 71)
Grateloupiafilicina (2] o}2])
Grateloupia lanceolata (7§ &= 4})
Grateloupia turuturu (1] & =4}
Gymnogongr us flabelliformis (-3 A
Lomentaria catenata (7}t 2-5-0])
Polysiphonia morrowii (%2 2524
Pterocladiella capillacea (7] 8-+
Schimmemania plumose (71 & '3 2H2)

_b

++ -

++ -

Oxytetracycline (30 ug/disc)
Norfloxacin (10 wg/disc)

+H++ +++

++ +++

+H++

++++

++++

3 The concentration of extracts|oaded on disc was 2.5 mg/disc, repectively.
5 Diameter of inhibition zone: no inhibition; -; 7~10 mm:; +; 11~15 mm: ++; 16~20 mm: +++; 21~25 mm; ++++
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Te A9 AEYEde] 240 TS =0t
AL e Aol ek, & AFellM e o
Fe EFEC] MAStL e Fall A9
ol APE sixFees o= Iad
de Fe AEFE TIEHL oY #4 A
FHQ 27l st 2=de F43)
of &49E4

st F2 ofF Ale+<! Saphylococcus
sp., Sreptococcus ., Edwardsiellatarda 2 Mbrio
anguillarumel] tisled 30 9] S/ FEEE
o] FgtEA S A, ol2RY 3 e
= e 2 T ERE dEete g
xRrEAe oldrFsde AASAT BT
7P e drg4de vErd Polysiphonia
morrowiioll thate] AR FA FE7He R

coccus sp., Sreptococcus p., E. tard
larumE 1.5% NaCle] #H7Fg 50 mle] H+
brain heart infusion (BHI) brotholl %3132 25C
oA 100 rpme. = ZI&slAA] 18417k vl st
AR&-3HA Tt

81

Dried Polysiphonia morrowii (15 g)

80% MeOH extract of Polys phonia morrowii (1.9 g)

Suspended with water
Fractionated with CH:Cl.

CH:CI-fr.

|
H-0 fr.
(0.45 g)-23.7%

Suspended with 90 % MeOH
Fractionated with n-hexane

[
n-Hexanefr.
(0.350)-29.4%

\
90 9% MeOH fr.
(110 g)-57.9%

Fig. 1. Extaction and fractionation of P. morrowii
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Polysiphoniamorrowii FEE2| 2&lE M=
80% MeOH F+E& (19g)= Sl A&t
% methylene chloride (CH.Cl,)) 2 #33}3ith

CHLL A ES Ads53t] 90% MeOHl| &
A1Z1L ool tlEle] n-hexanel 2 -3 35lo]

% 37HAe) BB
MeOH (1.10 g), aqueo

n-hexane (0.35 g), 90%
‘1% (045 g)E 1:}~/\

o} (Fig. 1).
shgol =3

250 800 MeOH 322 2 ¥3|&29] 3
4842 disc-diffusion assay (Naviner et al.,
ZA3tach =2 A4FA7] sl
TIES 75% ethanol =59
ol & membrane filter (0.45 ym)oll o] }3t

A

o
Q
L
et
-9
015O
L"L
rr &2

t

5oF 25C oA wl<d 3}

MZSA ojxl= S & 2 2AUSHMAISE (mini-

mal inhibitory concentration: M1C)2| £H

P. morrowii F3&%2] 90% MeOH £8 52
2~%ke] DMSO &3 & (H5 = 0.2% ©|3))
AMlgraf ool ARE-E BHI broth v #]ol] 28] =
THI R 3Aate] HEEE 2 mg/ml FE 0125
mg/ml74A] &] 57FA] g ol thate] Alda2el
A Fs SGsHAnh Aol AR M
= HlE] 18A17HE<E miFate] 10° CFUIMIE =
A3t & AlF5e FEF (1: 122 96-well

microplateol] 4] =33t %, microplate reader
(SPECTRA MAX 340, USA)oll ¥ 25C ol A
ok 20~24A)7F=¢r wjekst A7 7HFo=®
620 nmoll A9 53 % (optical dendity)E =45}
o Alite] 4 JHEJT% sk (Pak et al.,
2003). HAWEAXEE (MIC)E Langfield et
al. (2004)¢] Wd<S olg3ted, 0.2 mg/mle] p-
iodonitrotetrazolium violet (p-INT) 40 psLE 96
well plateol] €37 2A]7F F9F HlF & INT for-
mazan®] A/dell ©| &t red color7} ‘,ﬂ:}&,JE] 2] ke
HrrEE A5k

:a/‘o'i‘ﬁ—.%ol pH@il—Oﬂ Lq—% e el of
el

Z g9 (pH 20, 40, 7.0, 9.0, J_'L.O)oﬂ o
FARIES 52U o Ad2olA 244 7H5<t

EEE 59 &2 &7 =Y SIEHE et ZE
ey
A=Y=l HEA e A °4H~

o

ot 7] st HE4 steEel tgk A=

spray reagent?l 10% FeCI3
methanol &9 (F-, 2002)< °]&3t EIE]
TLC (thin layer chromatography) plate ZLZ vF&E 1
2 (A7)-&vh: chloroform : MeOH = 10: 1)°l] Al
oS Rl & AXAIA WS AESHATh A

~ZUA o] Hhg-o] e 7 Yo E et
1= %"‘éﬁrgi =9 = - sk
5o ZEajod¥= N,N-dimethyl-1,4-phenylenedi-

amine reagent (Jorketal 1994) & o] 83l 99}
FLE TLC plate AZrtETH 283t 7
3 A~Ada o] ukgo] Uehbe A o=
ekl

X
=
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1Ll=7 FE29| eoatd
T8 oARHIA Aol vt FHEAS
Zr= A E2FE Adelr] fsked =327 (Chloro-
phyts) 6%, 237 (Phaeophyte) 75 R &7

(Rhodophyta) 17%2] 80% MeOH F&&5 A&
3tod  Staphylococcus sp., Streptococcus sp.,
Edwardsiella tarda 2 Mbrio anguillarumel] o &

FEEET 459 Aol tiste gt
UA Ao E Ueston, 7%
oA += Sargassum thunbergii (X%
15 9ro] I85/d+<l E. tardas} V.
anguillarumell thste] gw+274S UERASITL
Aol A 17F9] o A=
Corallina officinalis (A+=2), Dumontia simplex
(7€l o}, Gloiopeltis furcata (&5 =7H12]),
Grateloupia lanceolata (7H%=4H) 2 Grateloupia
turuturu (RlE =9 e FEE0] IHEAAAS
Saphylococcus sp.oll thall &+ YERASL
t}. 53], Polysiphonia morrowii (5.2 -$-5-221)<]
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2. P morrowii S&E29|

o

Ha
g

HZRE S S5

el P morrowiioll
71l fste] &4
o] S5 Fo7hH
A, P. morrowii 2] 80%
= T dEAIZ F CHLCLE i
g)ste] 2.5 mg/disce] FEZ E. tardas}t V.
anguillarumel] gk CH.Cl-2

o] FgHEdS HAMSATE 1
st CH.ClLAEE=olA H2

3T

3}

ML 2 &
4o fo Ok it

fL
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E. tarda®l
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Rixis

AU EEFEAAME o] YehA &
oreh wHA V. anguillarume] 73-%-, E35-3) Eol A
&g o] oFslAl UERG O L CH.ClE2 29
M drEAde] HE UEhA] 34T oo,
=2 #4ES yehd CHLLEIES A n-

hexane 2 90% MeOH #3822 50 E. tarda

. 2V anguillarumel] 3k SHFSRAI 7S A
A% 13849 E tardast V. anguillarumel] 9 er=moemiE =
akoith 7L A3} 90% MeOH 8 EollA 38
= L0 = 512 © ) “ A AT =21 0 = B =
melel B FRYPS ey, ol AM T T A
~ s po) B gol @48 Mol vepdg 4 5 A
H 30 F AT FE= oA F M o (Fig. 1. Table 2
5o 70w e, (Flg.1, Teble2)
Table2. Antimicrobid activities of fractionsof P. morrowii extract
Fraction Bacterid strains
(25 mg/disc) E.tarda V. anguillarum
80% Methanol extract +++ ++
Methylene chloride o+ _
n-Hexane +++ -
90% Methanol 4+ +
Agueous + +
Oxytetracycline (30 ug/disc) +++ -
Norfloxacin (10 wg/disc) ++++ -+

3 Diameter of inhibition zone: no inhibition: -; 7~10 mm:
mm; +++++

+; 11~15 mm: ++; 16~20 mm: +++; 21~25 mm; ++++; 26~30
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2.2.90% MeOH 228|89| E tarda® &4 1
gol 0Ixl= g8 H FLUSHAsSE
MIC)el 23

P. morrowii o] &++27d #8&<1 90% MeOH

T80 E tarda®l SA9H A& JIF=
ol 7] 9)3ked H A, 96 well microplateol] <
I £¥ES 21,05 .025 2 0125 mgmle] 5
A FEE S & 20A17HESE vl okt
620 nmol| A 9] &3 WHetE =43t (Fig.
2.1 A%, 29 1mg/ml9] FroAlE wig &
A ZI A Ok 30%2] AltsA A Z 7T Ve
wow wjF & 3AZHEE = 2H 60 2 50%7
Lo AlgFAgAasE AlE FAske A
2 Yebgth 2mg/mle] 7% v 3 124]7F
B Aol F2o] As dojuA] = A
28k 4= 99Utk T 05,025 2 0.125 mg/ml
d e AldFAeAEA7E Uebd
S IR F AT B ol 2, pINTE&9 S
o] &3te] MICE 4% 2 1 mg/mlolA+-H
INT formazan®] red color7} & WA g% 2=

|
rir

O

2 M o

>
k1
Ho
1o
X
i

[o

h 4h 6h Bh 10h 12h 14h 16h 18h 20h
Incubation time (hours}

Fig. 2. Inhibitory effectson proliferation of E. tarda of 90%
MeOH fraction of P. morrowii extract

Ao 2 e (data not shown) P. morrowii 2]
90% MeOH g E<] E. tardadl Wt MICE
1mg/mlZ 2= Atk

23.90% MeOH 2829 pHol We 37g
Mo s}

d 2l 90% MeOH
Y= pHoll wE Frdde] HslE doth
Sk}, Table 391418k 7ol pH 2,001 4158 11.07+
2 ZZ3 SR ENAN FaBA e {27
o Aol7t YA 9= ASZ Hol 90% MeOH
Y= pHE HEel wE gLl Aozt
A2 Qe Zo g Aty ok

o

el

24.90% MeOH Zg= Z29 =2 g7 o
£

FHBAHEARE BH 355
© T ! 3] P.morrowii 7} <
& W w0l 3% (Rhodomelacese) 3l 7ol A+
bromophenol Al & shH=2] dtg/do] & o
Z Atk (Wang e al., 2005). whetr], SAE3 &
%] bromophenol 3 22 =271 $-f phenol 2]
FH-S LolR 72 phenol 232 AE3H= 10%
FeCls methanol A2k} =271 hy setES 4
Z3l= N,N-dimethyl-1,4-phenylenediamine A] 2F
= ol-&3st] AEvheo AAIsHATE 1L A of
0.50 (spot )L 0.37 (spot 2)¢] RZHS zh= F
major spotol| A1 10% FeCl; methanol A]2Fol| o 3k
1A ~H 2l o] oFdut-g- 3l N,N-dimethyl-1,4-
phenylenediamine A2kl thgh A o] FAgukg-
= 247 g 5 AN (Fig. 3). whebA, &=
71 3t phenol AIE sig=E°] S4EIES

gull 2 oL e =

o
i
XN
%0,
l

&
|t

Table3. Theeffectsof pH on antimicrobia activity of 90% methanolic fraction? of Polysiphonia morrowii extract

pH 2 4

7 9 11

E.tarda ) +HH++

+HH++ +++++ ++H++

3 The concentration of extractsloaded on disc was 2.5 mg/disc, respectively.

® Diameter of inhibition zone: 26~30 mm: +++++
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Fig. 3. Chromatogram of 90% MeOH fraction of P. mor-
rowii. (A) Detection of phenolic compounds by 10% FeCl,
methanol reagent. (B) Detection of halogen- containing
compounds by N,N-dimethyl-1,4-phenylenediamine
reegent.

T SlE T2 AR Ao FHHY,

2 AFoME Fa oAl Saphylococ-
cus sp., Sreptococcus p., E. tarda 2 V. anguil-
larumel] gt S| 2=/ FEES F+E4S A4
&lo] Z+x7-9l S thunbergii 2 3-%F¢! C. offic-
inalis, D. simplex, G. furcata, G. lanceolata, G.
turuturu 2 P. morrowii 2] 80% MeOHFZ=-9]
gAeds Efsta Jd&e Sdsdth 1 5
C. officinalis, D. smplex, G. furcata, G. lanceolata
9 G turuturu ] A= I3 A Saphy-
lococcus sp.oll thgk 914 U= IS o
el ¥, S thunbergii 2 P morrowii & 1%
S22 E.tarda$t V. anguillarumell th &t 3+
= UeplSlch A7 BaE A A3
52 A9y, D. snplex, G. furcata, G. lanceo-
lata 3 G. turuturuell th3t gtgdolvt gt
/3o A Has gll o, Gloiopdtis fur-
catacll Al w2l &9+ thF<2l funorane] -
Al Mol B2 S2YskE At B
T5o] Ut} (Saeki et al., 1996). T3, FH L)
Awad et al. (2003)¢] C. officinalis®] n-hexane¥

=5 Z9| hydrocarbon A9 &2 S gH-31 23
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o I ¥l te FadY % I

A
teFet 549 =4
£ uj, C. officinalis]
80% MeOHFZ=¢l|A] YERd Saphylococcus
.ol st s+&Adell+= hydrocarbon A8 &2
E9] FHEHE AEESls FeE odErh
1% 2479 E. tardagt V. anguillarumol] o g+
St EAS YeR S thunbergii € 73-%-, A&7t

A R2E 5E EE GUBA PUTIR,
fucoiden®] gutolelzs B Ferabgoit Py

quinoic acidF-¢] EtstE] So] HAl Hofg)
O}, ErEAo] B3 By gt (Seoetal.,
2004; Zhuang et al., 1995). <& oll, 22 Sargas-
aumég; 22791 S tortile2 3-8 #2]E acydic
diterpene alcohol Al E &4 Q1 crinitolo] 1%
ol gt A S 2 AR HIHE
ol (Kubo et al., 1992), A== 2x A9
chemica taxonomy’d¢] FAMdS HT o, S
thunbergiioll = o]} fFALSH Al o] &2 E0]
fFrElo] e AOZ o

2 ATolA Aol AME 30 F9
T 7P e dHEdS UEd P
morrowiiv= A=7kA] 11 Ajg|@idol 494
ol A3 AF7F AL o] FoA UA 2 @l
Z5F 24, Kurihara et al. (1999)°]
glucosidasedl thdt Az &S
bromophenol A1 s}H&ES 8] - Barsk 45

T =
Zt= 2%

7 2% 1mgimle] FEolAE

AIZE qhell 50% o) o] AldSA A EHE v
BRI, o] F 2 HEo Al gA
2 AHHOE FAE Ao®E Yehsth B3l



154 e - SHF - N

p-INTE ©] &3} 90% MeOH #3 &< E.
tardacl tha MICE 1mgmlZ ZAE s,
o]+ Lim et al. (2000)¢] R 73 u} 9=
Symphyocladia latiuscula (Z & 2}4 $-5) <]
MeOHFZE°] I3 542 Proteus wlgaris
9} Mbrio anguillarumell ths] eRd MICQ!
125 mg/ml3} FAFSE FFolth S latiusculas
Polysiphonia morrowii ¢} 7+ Rhodomelaceae
(27350l sl =7 EA1, 5541 bromophenol
Al 3gHEo] el X 3 ot} (Choi et al.,
2000; Lim et al., 2000). Rhodomelacese} 3l =7
Z5E E2l¥ 22 bromophenol Al 3H3HEE2
Aelgd> v ohFstAl ek, A7t
A nitrite 2784, dpha-glucosidase 2 aldose
reductase #3124, 3Hikstehd, feeding-deterrent,
AATEY 2 FgHg ol EiEo] Utk
(Wang et al., 2005). ¥ <A-ollA W&z P.
morrowii & &g/ 82l 90% MeOHE 2]
L g2 4 phenolAdl 33TES maor A
woR Zh= o= Yehded), o] AEER
bromophenol A1 SIgHEY 7FsAol & A
2 F4Hrh &3k o] 90% MeOH 9 &9]
#@do] 7kl pH 20%EH 7397191 pH 11.0
7HA 9] theFst pH M E St /9
%

lo K

%

Al zpo|7F YERA] @42 F o2 Hol skt
4S5 YepE= &2 0] bromophenol Al 3HHE
I e e EAES Zh 3shrE oy
Aol =& EAY Ao FA% & gt uh
A, B BARIE = IAYES AT
A o] A& g5l oAl AT FAETE A
ol A & WE glo] axE 7|y
& F e AHoE A8 oz AlgHT

o] gele] 534Ul el bromophenol©] %< =}
ool 7]1&tH, o] 5 7hAlst7] flske] FAo]

o] Sargassumsliquastrum F#&&5S A7 F3)
o] 285222 bromophenol 2] S o] £
S Furt Fo)Ho R NAEHE Bavt
AATH (Maet al., 2005, Whitfield et al., 2002). ©|

Al

= & A7AHA =EE vk 22 = ®/

bromophenol 3+ F8 &S %

o 7% Aletd Ao ok 3 A5 Rk
o
=

gt Fopae] g3 7gE ¢ s

2 AFdAE F8 oAl Saphylococ-
cus sp., Sreptococcus p., E. tarda 2 V. anguil-
larumel] thek 30 F9 s/ FEES J+4<
A4S AAstE I 43, C. officinalis, D. sm
plex, G. furcata, G. lanceolata 2 G. turuturu2] 73
= I3 A9l Saphylococcus sp.oll o3t
o, 223 S thunbergii ¥ P. morrowii = 1%
A4+ E. tardagt V. anguillarumel] thsle] 3}
A4S VeSS Bt O T, Y et
#8AE YR P morrowii ] 8-S
2?1 90% MeOH F8 &+ E. tarda®] 521< vi

2 27 2t phenol Al =Y A
3l

HAe| =

AR SR nlelute] 22141919] 3
Frto] 9 EEA| QTR ATH] XA )
WS B-200416)°] o) FAHULEITE ok
o, NEF B0 e FA B4 vpAbdA

A= G,

o

g
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