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In vitro Anti-bacterial and Anti-scuticociliate Activities of Extract and
Bromophenols of the Marine Red Alga Polysiphonia morrowii with
Structure-activity Relationships

So Young Kang™, Sang-yun Lee’, Jun-ho Choi and Sung-Ju Jung
Department of Aqualife Medicine, Chonnam National University, Yeosu 550-749, Korea

Scuticociliates are regarded as serious pathogens in marine aquaculture worldwide. In Korea, they cause mass-mor-
talities in fish such as the commercially important olive flounder Paralichthys olivaceus. In particular, mixed infec-
tions of scuticociliates with pathogenic bacteria have been commonly reported. During efforts to identify natural
marine-algae derived products that possess anti-bacterial and anti-scuticociliate properties, we found that an 80%
methanolic extract of the red alga Polysiphonia morrowii Harvey exhibits both anti-scuticociliate activity against
Miamiensis avidus, which is a major causative agent of scuticociliatosis, and anti-bacterial activities against fish
pathogenic bacteria. Activity-guided fractionation and isolation of the 80% methanolic extract of P. morrowii yielded
three bromophenols, which were identified as 3-bromo-4,5-dihydroxybenzyl methyl ether (1), 3-bromo-4,5-dihy-
droxybenzaldehyde (2) and urceolatol (3) based on spectroscopic analyses. 3-bromo-4,5-dihydroxybenzyl methyl
ether (1) showed the highest anti-bacterial and anti-scuticociliate activities, with a minimal inhibitory concentration
(MIC) of 62.5 ng/mL (against Vibrio anguillarum) and minimal lethal concentration (MLC) of 62.5 ppm (in seawa-
ter). Investigations of the anti-bacterial and anti-scuticociliate activities of seventeen bromophenol derivatives, in-
cluding the three isolated natural bromophenols, showed that the existence of an electron donating group or atom with
a non-covalent electron pair at C, of the 2-bromophenol structure may be important in anti-scuticociliate activity.
These findings suggest that the extract and bromophenol derivatives of P. morrowii may provide useful alternatives
in aquaculture anti-scuticociliate therapies.

Key words: Polysiphonia morrowii, Anti-bacterial, Anti-scuticociliate, 3-bromo-4,5-dihydroxybenzylmethylether,
Bromophenols
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AFLE]7S(scuticociliatosis )2 o], 42 2 AX5=l o] £41-8 Q18]31 Qltk(Harikrishnan et al, 2010; Iglesias et
Al A3l Scuticociliatidats(order)of] 43l Z2240]4 al., 2002; Bae et al., 2009). ‘d 2| Paralichthys olivaceusol| 4]
(histophagous) 4 X3 &3t HAS-S doh, Laff -2 AFET7SE Yo7]E HE o R f-2uvetel A= Uronema
& H|Esto] HAAIF & sfjatekAlof ZA| EA|7F El= 7] marinum (Jee et al., 2001), Philasterides dicentrarchi (Kim et
A5/ Aoty UF AFET-S o] RS} al., 2004a), Pseudocohnilemdus persalinus (Kim et al., 2004b)
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Table 1. Anti-bacterial and anti-scuticociliate activities of Polysiphonia morrowii extract and its fractions

Anti-bacterial

Anti-scuticociliate

Aeromonas Edwardsiella

Vibrio anguil-

Streptococcus  Streptococcus Sea

salmonicida larda larum iniae parauberis water DMEM
Samples Growth Inhibitory Zone (mm)
2 1 2 1 2 1 2 1 2 1 MLC*
: (ppm)
mg/disc
80% MeOH extract - - 12 - 17 12 - - - - 250 125
n-Hexane fr. 9 - - - 8 - - - - - 62.5 62.5
90% MeOH fr. 14 9 25 16 17 14 - - - - 125 250
H,O fr. - - - - - - - - - - - -
Og(t)egg/‘(:}i’;g‘e 32 34 35 25 34 Not tested
(';'grﬂg)/‘;gg 30 50 41 15 28 Not tested
Formalin Not tested 31.3 62.5

"Dulbeco’s modified Eagle medium
“Minimal lethal concentraion

7} ®RA1%|Q131, 015 Philasterides dicentrarchix= Miamiensis
avidus®} 5Y5 o2 1% v} Qlck(Jung et al., 2007). ESH
Jinetal. (2007)- -2uhel g 2] FA419] 50% o) /o] At
AAISHIL Q= A=A o 2] FAo] -9, 20009 &= o] 5
A &2 02 AFE 7S A E0] 40% AT Ueion, &
3] o] 5 70-80% o]/do] v E.2] @1} SEAlot 59 Alat g A
o] Sty o2 ARkl B arstict

AR A7l tigt A 0 2= 2 2WRI(37% 54T
8= =gH)o] F-UsHA AFETIE FAAZ SQlE o] ARE-
57 910} A7} 100-200 ppm 2.2 o} o] AE
HAE & 4 lom Xt vl =44 TR HA((2011)
of lstH EEESI S 19819 B 40| 42] “reasonably
anticipated to be a human carcinogen” || 4] “known to be a hu-
man carcinogen” = 1 9]g/J0] A/ o] AFQPAAFe] #A
T iR EA Qe ddolth A7 AFE7 S AlE A
et At 2e A, 7185 FAAE et oholst gsta
WA 12] 3L resveratrol?} -2 HAGHEE 52 o83t in
vitro 3 A~FE]| 712 gabo] Tk H a7} 9l O in vivolk= &
A olA ] Ak A9 Harko] 1A itk (Lamas et al,
2009; Harikrishnan et al., 2010).

wheba], 2 Aol A= AFE|7HE O] S AR Al
o] ol Ao e 4 Qe BEe BES
st FAFE 7S SAJET ofY 2t AFEAE -S4l
= =45 HAZoA EEsta 98X AAlskeith 1
Ao A T27Q] B2 QF-2-Al[ Polysiphonia morrowii Har-
vey (Rhodomelaceae)]2] 80% HEH-2- S=%&E9°| Miamiensis
avidusol| 3t AT 7HE B0 Ao =8 TS

.

P

of g FRUAE 2= AL shelsiolck A A7 (Kang
et al., 2005; Kang et al., 2008; Kim et al., 2011)o|A &= Z=2
FESA FEEY ESE oA Y dtEAdo] HaEgle
o, =2 ofxntole] o] thgt ufo] A Fdo] Bk iy
Fupole] s AR 2% BRrdEA gtEe] Ee- 1
L Bl Qlek e, HE A2 A O AT N A &
ARAFAQ] 2ol e FAFETE SEEE 2ol It
A= A Al Aolok, #kohy e}, feH B R R alE
Shte2 EAR et E R Wil f e A& o] 8-5to] g
FE7He B Y] -2 TS dolE it

Mz H 2
Mz & AFEIFHS

I35t C.2 Etarda 1551 KCTC 12267 Y V. anguil-
larum %5+ KCTC 2711, A. salmonicida KCCM 40239
S ARSI, OHSAH O R S, iniae?t} S. parauberis ST
120465 ARSBIIT. AF BTS2 AF TGS o= F
2 YU159] 3l Miamiensis avidus (YS2 strain) (Bae et
al., 2009)& o]F-53}A| 3 CHSE -214 A2 A% 3 20Tl
A ufjFsto] ARg-sE3ITE.
2R FE= H BES9 ME

B of o) AM-E B &2 Q8- (Polysiphonia morrowii Har-
vey):= 2008\ 42 e oAl EAb A A sko] A1ES 1
Fdddeh sj7IEssHhRRE 4 e & ARSI
o} QR RELFSAS FRTE SE0] AlFste] di
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Table 2. Anti-bacterial and anti-scuticociliate activities of isolated compounds 1, 2, 3 and synthetic bromophenol derivatives (4-17)

Anti-bacterial

Anti-scuticociliate

Aeromonas

Compounds salmonicida Edwardsiella tarda Vibrio anguillarum ~ Sea water DMEM'
MIC? (ug/mL) MLC? (ppm)

53dilary(erE;)x;/‘t‘)Senzylmethylether (1) 250 125 62.5 62.5 125
—3ir?;8;2§yt§nzaldehyde 2) 62.5 125 500 500 250
urceolatol (3) Not tested >250 >250
2-Bromohydroquinone (4) 15.6 62.5 62.5 3.9 3.9
2,4-Dibromophenol (5) 62.5 62.5 125 15.6 125
2-Bromo-4-methoxyphenol (6) 500 500 500 62.5 500
4-Bromocatechol (7) 62.5 250 250 62.5 62.5
3,4,5-Trihydroxybenzaldehyde (8) 125 125 500 125 250
i34[3;1r3c/)c?r1<§)xybenzonitriIe 9) >1,000 250 125 250 >500
2-Bromo-p-cresol (10) 125 >1,000 500 250 250
3,4-Dihydroxybenzaldehyde (11) 62.5 250 1,000 500 500
o-Bromophenol (12) >1,000 >1,000 500 500 500
?4-Bhr)(/)c;rr]gxybenzaldehyde (13) 500 1,000 500 500 >500
ifh%tr)g))(r;t?enzaldehyde (14) 250 1,000 125 500 >500
5-Bromovanillin (15) 500 >1,000 1,000 >500 >500
4-Bromoresorcinol (16) 250 1,000 1,000 >500 >500
3-Bromo-4-hydroxybenzoic acid hydrate (17) >1,000 >1,000 > 1,000 >500 >500
Oxytetracycline 0.250 0.250 0.250 Not tested

Norfloxacin 0.063 0.016 0.063 Not tested

Flumequine 0.031 0.063 0.031 Not tested

Formalin Not tested 313 62.5

'Dulbeco’s modified Eagle medium
*Minimal inhibitory concentration
*Minimal lethal concentraion

= AAsHL, 2% T Y5(-20C) Hasoict 1 22
2 A HytEofgit FAAXe R L-H24(100 g)
5 80% (vV)HIERS: 3 LE 3 h B¢ QEH80TC) &350 &
oS- Hof 719t =351t 80% B 2EE(9.6 gy =0l
dAetsto] WigdlE=eto| =(CH,CL)= 2253tk 4% &
Z3HCH,CLEZE(3.4 g1 90% (v/v) HEHe2 83jA]# o]
£ tHA] n-Hexane ©. 2 22510 & 371X 9] £3]&, n-Hexane
(2.2 g), 90% mEF(1.1 g), Aqueous (6.1 g) B3] &S Aglch

VS|

=~

kA

9]

A

24210 23| U F37

R QBL220] 90% ek £2]E(1.1 g)& ODS column

chromatography (methanol:water=5:95~100:0)5 AlA|3}]
97fe] AEBoZ QI 1 F ARYE T (120 mg)S
Sephadex™ LH-20 column chromatography (100% metha-
nol)& AA3ke] &8 5719 subfraction 5 29 subfraction
(70 mg)e thA] Sephadex™ LH-20 column chromatogra-
phy (methanol:acetone=1:9)= AA|3}o] Z}Z} Compound
1 (12 mg)z} Compound 2 (23 mg)E Aich AEIE VI
(150 mg)E Sephadex™ LH-20 column chromatography
(CH,CL;MeOH=1:9)2 AA[sto] 28w VI-VE 431,
olo] gk HPLC A 242 #1A Compound 3 (3 mg)<
2|al A ck(Fig. 1).
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Freeze-dried Polysiphonia morrowii (100 g)
Extracted with 80% MeOH in water

80% MeOH extract (9.6 g)

Suspended with water and then
partitioned with CH,CI,

CH,CI, fr.(3.4 g)
Dissolved with 90% MeOH and
then partitionedwith n-hexane

l l

n-Hexane fr.(2.2g) 90% MeOH fr.(1.1g)
v
v
Compounds 1 (12 mg), 2 (23 mg) and 3 (3 mg)

Aqueous fr.(6.1 g)

Fig. 1. Extraction, fractionation and isolation for Polysiphonia
morrowii.

SHEERHE FX
2 Aol AR 1450 AR F- 4= Tokyo

Chemical Industry Co., Ltd. (Tokyo, Japan)oj| A <-]5}o] A}

23121t} Oxytetracycline, norfloxacin, flumequine Sigma-

AldrichAK(St. Louis, USA) A& AR&-a1ith.

S5t

o220

In vitro

Disc—diffusion assay

AZE 75% o eh-& 4=8-Hol =21 & 274 6 mm Ht paper
discoll A7 FE 2 F2ote] Ao A XA F T Al 108
CFU/mL= vjjoFs}al BHI agar plateof] 100 uL® 4&3H & A
29 discE £2]11, 24 h50F 25T o)A vjekslo] discE 23)
3} growth inhibition zone2] 2]74-2 =43} t}. Positive con-
trol= 4+= norfloxacin (10 pg/disc)¥} oxytetracycline (30 pg/
disc) discE A3} tH(Kang et al., 2005).

Microdilution assay

SHEES 3480 tg SHES Rol7] 918 M
o] dimethyl sulfoxide (DMSO)ell &35t om(HE ¥=
0.25% o1}, BHI broth v </of 26} 5= 7l sl4fele] A]
A0 A kS etk Ao AHgE Alg-e 24
h Zof sjeFste] 10° CFU/mMLE 2A4st90m, A5t 55
(1:1)2.2 96-well microplateo]| 4] =&5lo] 20 h 25C Q15|
ofelof Al ul sttt Alat o] TA4S AAIsh= s [
A%} A5 (minimal inhibitory concentration, MIC)]& <
oto 2 lolslal, o] & A &elstr] §J3f Langfield et al. (2004)
o " o 2 20 h B¢k v YFH 96-well microplate ©]] 0.2 mg/
mL2] p-iodonitrotetrazolium violet (p-INT) 30 uLE €11, 2
A7tk QoA S F HEH 0% MICE A4 st
(Kang et al., 2008).

&5 - ZAF
In vitro SIARE|FIE &N
AFET RS v SRS 500 % gof| A SE7F PAlEE]star Hal
o DMEMHjA|(E= 3j5)5 o] $& Al 5-7x10°

mLE Fo] FES 2AelT RRESH A AR Ei 5
£ A|ZEE DMSO (FE%5 % 0.5% ©|5he] %<1 & DMEMH)
A (EE B4R 3451l o] & 28l = HE) 2 96-well micro-
platec]] 90 uLA Y 3ict. o} 7]of] S-5-7-4-& gt well & 10 pL
A @31 20T oA 20 hiseh Wit & FnjH o ® kst
“100% lysed (Z°] ¢+ €| 7 AlEl)) T+ not motile”o| TH2HE
F4sX=E MLC (minimal lethal concentration)® s
th(Iglesias et al., 2002).

MZ=XM(Cytotoxicity)

A= 0] o7 F3pA|3Eof| 3t Al =A]2 neutral red uptake
assay (Kim et al., 2011)E- o|-8-3}%it}. o5& F3A|EE phe-
nol red7} Z7}E)A] ¢+ DMEMC &2 H4A71 5, 96-well
plateo]] 1 x 10 cell/mLZ 100 uL*] seedingdlo 20°C oA 24
h ECHHiFAIT] A 25 = HE A3t F 20T 4 48 h
S HES-AF T} 0.33% neutral red solutionS Zf welld 3 puL
A BL22510d 2000 9| A 2 h =0F HE2-A| 71 ], 1% acetic acid in
50% oflek2-0]| o] microplate reader (Spectra Max 340, Mo-
lecular Devices, USA)E AR50 &332 (540 nm-690 nm)2]

Aol g 244,

FEEW 2229 in vitrog=Ey
StAd

e}

ey
SATE|7E
HE2QH2A0] 80% HEHE: 55 4 o9 £¥E59
9 o Alte] gt g+ Disk diffusionS o]&
o] AMSH At ofeut ZtiTable 2). 80% WE23E5
BERE 42 B3E F 90% HghE EEEolA eS8
9l A.salmonicida, E.tarda 2 V.anguillarumel] tf3t 733t ¢4
zoneS TS 4= Q111 IRl S.indae &} S.parauberis
of thallA= AAlzoneo] = A ATt FAFEING &
32 o Tslia= d Fo] vk HiX(DMEM)Ol| A 217} A9 |
ek H2eH2A0 80% HEEFEES WA 2dA =
125 ppm, S)5=2 A A= 250 ppme] MLCZHS Wit} o]
O] 2= 5 n-hexane 28204 62.5 ppm2| 71 =2 3
AFE7 R ZAS B 90% HEH R 8 Bol| A = 2
o[ 4] 125 ppm, B A| 2ol A= 250 ppme] MLCE YEFY Y
t}. Reference control 2 AM&-% L 2HH 0] 7 3= A of A
31.3 ppm, WX 27| A| 62.5 ppme] MLCE E it}

0% HIEHS HEI2 2 HE| BB HO| 22| U SSITE)
e

S

0



BEOHLA o]9] MR ualA HF G - FLTENF B

R,
OH

3-Bromo-4,5-dihydroxybenzylmethyl ether(1) R,=CH,-O-CH,,R,=OH 4-Bromocatechol(7)

3-Bromo-4,5-dihydroxybenzaldehyde(2) R,=CHO, R,=OH 3,4,5-Trihydroxybenzaldehyde(8) R,=CHO, R,=OH
2-Bromohydroquinone(4) R,=OH, R,=H 3,4-Dihydroxybenzaldehyde(11) R,=CHO, R,=H
2,4-Dibromophenol(5) R,=Br, R,=H

2-Bromo-4-methoxyphenol(6) R,=0CH,, R,=H OCH,
3-Bromo-4-hydroxybenzonitrile(9) R,=CN. R,=H

2-Bromo-p-cresol(10) R,=CH,, R,=H

o-Bromophenol(12) R.=H, R=H

3-Bromo-4-hydroxybenzaldehyde(13) R,=CHO, R,=H

3,5-Dibromo-4-hydroxybenzaldehyde(14) R,=CHO, R,=Br

5-Bromovanillin(15)

3-Bromo-4-hydroxybenzoic acid hydrate(17) R,=COOH, R,=H

Br

R, Br
OH

R,=CHO, R,=OCH,

R,=Br, R,=H

49

HO

Br

OH
4-Bromoresmcinol (16)

OCH,
Urceolatol (3)

Fig. 2. Chemical structures of 17 bromophenol derivatives including isolated natural bromophenols (1-3).

90% m|er-e B3 Eo] )3t reverse-phase silica gel ZH=
2otE T m 9 Sephadex-LH 20 AP I Z20tE T 1] 59
Ao -G A S AAske] Compound 1,2 Z12]3l 35
wofoteirt. el 3] MS, NMR 59| thefet 335t
BEXAHG o] &5te] I st E et A A SEES
2E 22w skghbE 2 Compound 12 #2414 C.H O, Br

z

2

87973
2 Zh= 3-bromo-4,5-dihydroxybenzylmethylether (1), Com-
pound 2= #AH] C H,O,Br& 2= 3-bromo-4,5-dihydroxy-
benzaldehyde (2), Compound 3 #4+4] C, H O Br,& 2t
+ Compound 12] dimer & €21 urceolatol (3) 2 5= Tk
(Kurihara et al., 1999; Han et al., 2005; Liu et al., 2006; Kim

etal., 2011) (Fig. 2).

welE BERRHEA getE H Y BERENE R
HZ2l in vitrogld H YAFE|IFHS 2

In vitro SATE|FIE EAM

90% MeOH =2 &=7-8 2|8 8ot 350l tigt in vitro
PoFETH S Yot AuK(Table 2), 3-bromo-4,5-di-
hydroxybenzylmethylether (1)+= sl W wj x|z A A Z+2-
62.5 ppm ¥ 125 ppm 2] MLCE YeR} 3l o]of B]3}3-bro-
mo-4,5-dihydroxybenzaldehyde (2)2 22} 500 ppm 2 250
ppm= WEFY %131, dimer €21 urceolatol (3)2 250 ppm7t
A B FEY 0L o] FEoHE MLC} 2hel¥)4] gkt

olo], Br HiE FE=AE2| 27| Hato] uhE FAFE}
T BYHES Goly] fIsto] 1459 B ERHE e
A ol-8-sto] theFet 241871 9] Wstof whE FAFETNS &
ARIE-& SobHSIT(Table 2). SR04 175:2) B2 )
= =4 F 2-bromohydroquinone (4)°] 3.9 ppm<] 7} &
& MLCE Uehlie) 713 4% BaT el 248 teh
Qlc}. 11 HE 2,4-dibromophenol (5)7} 0]} 2 H(MLC=15.6
ppm), 1 th2-0] 2-bromo-4-methoxyphenol (6) (MLC=62.5
ppm), 2-bromo-p-cresol (10) (MLC=250 ppm) 5] <=2
Upehdt}, 229212 313 ppme) MLCE dehyglct. w7
20| e szl o) A9} vt A FEE eSS
2,4-dibromophenol (5)3} 2-bromo-4-methoxyphenol (6) 3l
Zez700]) V)5 MLC7} 88 Z715he] GF2ie) 7k B4l 3
Tl Ao vepi.
In vitro & &4

1759 BaudsqeAl5S I93AMNTS A salmoni-
cida, E. tarda ¥ V. anguillarum ©]) t|3}¢] microdilution assay
S ANFte] Pt BAE LobEgehEe]E urceolatol (3)°
Fol FTEokAl Foto] It Al AAISHA] SLekRleh).
1 A3} 3-bromo-4,5-dihydroxybenzylmethylether (1)
V. anguillarumol| A 717 22 S MIC=62.5 ng/mL)<,
3-bromo-4,5-dihydroxybenzaldehyde (2)+= A. salmonicida®]
A 71 =8 FFF A (MIC=62.5 pg/mL)S YeRH Tt 175
9] §- &= 4| % 2-bromohydroquinone (4)0] 37}2] w+Z<] tfj 5o




50 e - ole

Z¥zy MIC=15.6 ng/mL (against A. salmonicida), MIC=62.5
ug/mL (against E. tarda/ V. anguillarum)& Jep ™ 7H =
2 gt EA-E YEFY %iT. 2,4-dibromophenol (5) 7+ 371A] <
Zol thste] BE 62.5 pg/mL 2] MICE UER|H 71 & o]
St} 1Y, reference control 2 ARE-H A S vl s =
0 o} BRRlE GRS YRUYS Aoz UM

[e}e) 2
e o Uit

i

2

2 Ao A= TR HEEAY 80% HeETEE
o] AFE|7FES £ Y1l Miamiensis avidus®l] H3t in
vitro AT E| 71 B 71 B uk ofue} FAlo] =8 1
e dwtoll tigt e = Al B 2RIkl oo,
A FAR] B E AlES E3E21 90% wEhe: &
YE5 EE0IAL o|2RE FHEH Y HYE Alkste] B
2ud=7 3RHE 35S 2kl o] #ollA n-hexane
850l sl B a2 EFoA 62.5 ppme] MLC
W Kol YAFETHE SAJoA] 90% M HlE KT}
241 A = 93t A S UEhf Sl o, S S L
W] ¢k 90% m|ghE 2EEo] vlste] A|zz=4do] 10u)
o] A} 738101 (50% cytotoxic concentrations in CHSE-214 cell
line: n-hexane fr. 132 + 5 pg/mL; 90% W€ fi.; 1,255+ 185
pg/mL), ol2fet S 2 Ao B ER A5
= AshA] 2 A0 R HEGlt) 2 AqtoA 2254
g S 352 BT HEREEA RERA RESRS
Alo] &3h= w7 5 o] #HRhodomelaceae) 2] Al F2F5
& pFEt Skt xo) HeuwEA SRS Al ERE
Skl Sl Aoz dEA et ofefRt BR R w5 slekE
=9 47 Ae|dAd o 2= nitrite 2AZA, a-glucosidase
A4, Fitel, gat, feeding-deterrent, 95 244 5 tf
oFst gAdo] Ba1E o] Qlti(Wall et al., 1989; Wiemer et al.,
1991; Kurata et al., 1997; Xu et al., 2003; Li et al., 2008). ©]
of Hlgf| & Aol el a0 Aol et B
1= A ¢ftt 3-bromo-4,5-dihydroxybenzylmethylether (1)
2} 3-bromo-4,5-dihydroxybenzaldehyde (2)2] 3¢ o]FH ¥
AJ vlo]# A 9] infectious hematopoietic necrosis virus (THNV)
4 infectious pancreatic necrosis virus (IPNV)o]l gt g}o]
A o] BIEQlom(Kim et al., 2011), HH A2
of| T3t Al 3=/ 2t DPPH radical 2~ gHdo] Bk o] qlr}
(Shoeib et al., 2004; Han et al., 2005; Li et al., 2008). Urceola-
tol (3)2 Polysiphonia urceolatacl| 4| £-2]- R & A7}
DPPH 2}tjZt &7 &4 o] HarE o] Qltk(Liu et al., 2006; Li et
al,, 2008). & Ato| A EelH 352 sl5HE 5 3-bromo-4,5-
dihydroxybenzylmethylether (1) 3FAFE]7 15 24 of| 4] 3
22271014 62.5 ppme] MLC®} V. anguillarum®]] o3t 342
dollA -2 =41 62.5 pg/mL o] MICE Weh )it $-2]ut

fe

_,d
e
o oX

N

o
il

¢

b

25 A%

2 ATt H A FA ol A A S AFE7EE9] 70-80% ©]
gol Altoll ozt ERt A o= WSt o5 40-50% 8 =7t
Vibriool| 23+ &3tk ol2k=(Jin et al., 2007) A2 1123k
wf 3-bromo-4,5-dihydroxybenzylmethylether (12> ASLE|7}
=0 FHAIeE FAlell Vibriool tieh e/ 71U e 4= e
AL 71|31 Q)= Ao 7 HtET) Reference control= AR
g5 ZEwTe] siexol e MLC7} 313 ppm&lS 2ot
ShH in vitrool| X1 9] A= AETRE A o= Y7

we|E 35 HERE FEAE st 1759 Hal
iz A9 28719} sl oA o] FATE TS B3-S
wlmstol & AT B 74N I AT S WA 4 9
&itt. i) 2-bromophenol (12) (MLC=500 ppm)2] +X& 7|+
o2 WAL uf 43 BHa(Fig 29] R)e] 5422} hy-
droxyl 712 | 3}+%] 7| L(2-bromohydroquinone (4), MLC=3.9
ppm), bromine2. 2 2| Z}+E|AH1LE(2,4-dibromophenol (5),
MLC=15.6 ppm), methoxyl7] 2 Z]|2}+%| 7 L}(2-bromo-4-me-
thoxyphenol (6), MLC=62.5) £+ methyl 7](2-bromo-p-
cresol (10), MLC=250 ppm)Z *|&HH 3¢ FAFE75 &
/gol S7He ol 1= It olof Blske] carboxyl”| = Z|2Hel
749-(3-bromo-4-hyroxybenzoic acid hydrate (17), MLC>500
ppm) &/do] @ojZlo] &9lE] it} o]+ 2-bromophenol (12)
FOA] 491 B0 HATO] L} W] B-5 HAE 2 YA}
o Aglo] FAFETH Ao Fatt TS okl S
olF1 Qe A2 T ii) 2-bromohydroquinone (4),
4-bromocatechol (7) ¥ 4-bromoresorcinol (16)2] 4] H]uLo]|
A BEe mga Wlnelo) A 5 hydroxyl7e) 91387}
ol T 23 FFE 73S & 4= Stk &, para (2-bromohy-
droquinone (4) (MLC=3.9 ppm))XE+= ortho (4-bromocatechol
(7) (MLC=62.5 ppm))?| 2| = EAS v = F2FE7H 24
0] =2 W, meta (4-bromoresorcinol(16) (MLC>500 ppm))
QAo M = /ol A vehAl gd2 & = USITt i)
3,4-dihydroxybenzaldehyde (11) (MLC=500 ppm) -%2] R,
7lo] B&o] x]2H(3-bromo-4,5-dihydroxybenzaldehyde (2),
MLC=500 ppm) ¥t} s}t ete FATE7FG 44E S7H
7IA= Eoks & = ASITh o] ARk Az A 9
FEFETE BN e FARHA 2= Qiet vh, o+t
39| ol FAFEI I A olA ARt o 2 k= )l
2-bromophenol (12)7-22] 41 kAo 4] M A}g-o] 7|1} 1
a1 AP 2= AR Afe] 4ol nAle FaFel o
TeA BRE R = ket 218U 2-bromohydroquinone (4),
4-bromocatechol (7) 2 4-bromoresorcinol (16)2] S-S
vl el B, 2532 o3k Al e] ol A T hydroxyl7] 9] ¢
A BA 9] Fa/do] atEdolE HEEHS & = STk ol
o] Al % F2FEIRS oFE Y Al 429 24
st eA oA G837t AEIFE o S A or Az v E
2-bromohydroquinone®] A14-=/Jo] & 9171 3FH(Lau et




BRFLN o|o] Bl B A - FATHAF BA 51

al., 1984) 2-bromohydroquinone Ei= ©]9] =45 0f st
HYURE in vitro/in vivo A o] ZIPHTHH B & ago] =2
FAFE7HE D St =40 o] 7Hsd A2 AbmEh

Al AL

o] =2 2009dE AR(WEHEF|4R)o] fYPog
TAFAEE] 7|2 ATFARY AYE ol 3 AYNRF-
2009-0076909).
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