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Structures and some Properties of the Antimicrobial Compounds
in the Red Alga, Symphyocladia latiuscula
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Three antimicrobial compounds (SL-1, SL-2 and SL-3) were isolated and identified from the marine red alga, Symphyocladia
lativscula. In addition, their biological functionalities such as cytotoxicity and desmutagenic activity were investigated. From the
cryophyllized S, Iatiuscula, SL-1, SL-2 and SL-3 were purified by solvent extractions and HPLC. SL-2 was crystallized in
benzene-diethyl ether solvent. On the EI-MS spectra, it was found that they had three bromines in their structure which showed
typical signal strength ratios at M*, [M+2]*, [M+4]*, [M+6]* (13:38:37:12). SL-1 was identified as 2,3,6-tribromo~4,5-
dihydroxybenzyl alcohol (C-HsBr;0;, MW=374) by NMR and MS spectra. SL-2 was assigned as 2,3,6-tribromo~4,5-dihydroxybenzyl
methyl ether (C;H;Br,0;, MW=388) and confirmed by X-ray crystallographic analysis. SL-3 was presumed as an isomer of SL-2.
Methanol extract of the S. latinscula showed antimicrobial activities against all strains tested (bacteria, 15 strains; yeasts, 17 strains;
fungi, 4 strains), much or less. The strongest inhibition activity of the methanol extract was to the Vibrio mimicus (50 yg/nl) and
V. vulnificus (50 ug/n¢). The mice injected intraperitoneally with 3 mg of SL-1 and 5 mg of SL-2 showed no acute toxicity response,
SL-2 showed higher desmutagenic activity than SL-1 against PhIP and MelQx.
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aF¢ BI8 WEEY tRER v 28 FAYAY
Eoldt ¢ FEE H¥ez x Ut (Kenneth et al,
Azumi et al, 1990; Lee et al, 1991).

Y AEREL YA o2E FHIHL FHE YTz BT
B F2 AFOEN o877t Qv YN FREC YFo2
FHHAY ol g2 ok 1Y, AxF Lol e 5
Fg &AM A3 1ol KFEERE I o 1A A
B E ] EA%te Ao RuIHen, 2 F AFAA 29
A e AZFd FHEHo e FAHYEAZAE BEFTE,
terpene®, THFE, ALE AWYEFT FYE FF S¥EE
o] W34 Ut} (Kurata et al, 1977, 1980a, 1980b, 1983; Amico
et al, 1980; Enoki et al, 1982). o] & JFEEL
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Fig. 1. Typical habit of the red alga Symphyocladia latiuscula
(Harvey) Yamada,

(Fig. 2). 9% ¥ ZAe 3T UB&e 73y oA 598
‘%“’dii 23 WHE & BT ofH3te] 4L qg s A
53t BTN 2329 (287 & oA, 2FEY
S Poz ZAF F oA yI2IAYH 40% [eLE B
stgch ol & FdAel Y UdER2dY RS silica B
A OFZZAE-Aas T4 9552 §5¢ 0§, 9
4 23, silica cartridge columne 2 &b FA 3t oH WA -]
olgolela (9:1) TP HYEL HFHOZ packed ODS Z
ol 65% acetonitriled & FTAl U= Y &2 SL-1
(1270 mg), SL-2 (1350 mg) % SL-3 (277 mp< 44 &¥

fo n\‘

JEL'

AR A,
TH, 1998894 Az AE 12 kgl HEAE INELR 35
dof 124 ARG FAR FAHoR AP o, AANE F

e Ao acetonitriled o) $3FH T

g EA9 BEAA 3 F FFE2Y BAEL 4 Y9 9
g 34 &9 dBFE A% 0.8 mmY paper disc] FTA7)
¥ 29 E A2AD 9§ Aspergillus nigers) EAE ¥ YM
B B4 Yol 30 TAA 24ARE gt AEAAE
B4 A% 2 monitoring3h T

dREAS J1I712Y

UV B4 FREE FEZXE £ FAA UV spectro-
photometer (Helion § UV-Visible Spectrometer, Unicam)E ] -4
3t 25 Tl A E e, AIH FF spectrume KBr ¥%
2 AAE 9%Eo] FT-IR spectrophotometer (Perkin Elmer, spec-
trum 2000)1 A ZA3 At AFEAL electron impact mass
spectrum (EI/MS)F fast atom bombardment mass spectrum
(FAB/MS)& JMS-DX303HE mass spectrophotometer (JEOL) 2
233 gonl FAB/MSY 2% matrixt MeOHo| Nitrobenzyl
alcohol (NOBA)ASFE #H7bste] ol & mEolA Y3t 'H

2 8C 5 4% $A7THEY (nuclear magnetic resonance,
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NMR) spectrum®] Z3-& Hacetone W F A 500 MHz9 Va-
rian unity Inova S00 spectrometer (Varian)2 243t

XM ZH 3E 24

telddzg WA 498 Fojx AR SL-28 XA A
FHe 9oz UNEE Cu K o¥l (A=154178A, absorbtion
coefficient, y=139.6 cm™ DS ©] &3 Rigaku AFCSS diffractome-
ter (Rigaku Co, Japan) 2 £33 Q2 A3 Fx 4L $44
Patterson method (Beurskens et al, 1992) 8} Fourier 71 (Breu-
rskens et al, 1994)& o] &34}

ARURR xFEN9 STY AE
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QA5 E (minimum inhibitory concentration, MIC)9} A&
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Dried Symphyocladia Iatiuscula(l kg)

Extracted with 3 volumes of MeOH
Filterated through fiter paper
Concentrated with rotary vacuum evaporator

Crude
extracts(28.7 g)

-

80 % MeOH

Hexane(3.60 g)

CHzClz(s. 13 g)

|

40 % MeOH

Silica column
(2X20 cm, Kiegel gel 60, Merck)

|

CH-CL(100: 0)

CH,Cl--MeOH(95 : 5)

CH,Cl-MeOH(%0: 10)  CH,Cl,-MeOH(70 : 30)

0.13g) (3.88g) (1279 (199¢)
0ODS column(1X20cm, LOP ODS, Fuji Gel)
50 % MeOH 70 % MeOH 85 % MeOH
(0.75g) (0.66 g) (116

|

Sep-Pak silica cartridge column

-

CeHe(100 : 0)  CeHe(CH;CH,),0(90 : 10)

|

CsHy- (CH;CHY,0(70 : 30)

Develosil ODS column(1X25 cm),
65 % MeCN, 1.5 m/min, UV: 290 nm

SL-1
(127 mg)

SL-2
(201 mg)

]

SL-3
(41 mg)

Fig. 2. Isolation and purification procedure of the antimicrobial compounds from the red alga, Symphyocladia latiuscula.

4714 alumina ZHAME FAYE %%5101 &4 Fd car
boxyl7l 59 AHB57e E3A g Ao ER2heg=

M2 SFSEo MA

ODS Z3QA HEHoz B AAE §FEEE (SL-1, SL-
2, SL-3)& WARTo) gz dojxon SL-2€ WA-tidd
ez 1:1 EF 49 FoAAM gy 34 Aoz HEy
Atk F A2 FAMe 53], AF SL-2 ¥ SL-3°] A% SL-118
t} SolatAl Aol BASHNUTL ol AEL o} wFA Y ¥
Aol BEolRoy & AT Ll oM E, dyzde &

stk 22 Mg g9 FolA A9
vadoz A48 Y48 YT,

ZAA e 4A 4%

FRZIE 2 FoAM SAT UV spectrum o A=
254 nm, 289 nm, 296 nmAA #Az e FFE JE AT, IR
spectuml A& =471 (OH) S 93 &7} 3483 cm™'o &

HAow, WwEE XA FrZ FHHE peak’t 1,ooo~
1,500 cm™! Abolo] FHZHAR methylene (~CH)71Y F57}



1450 cm™'d] #FEo] o] EAL T o]F AYE M HIFS
GRABAZ FAHAG. =F EYMS spectrum AN m/z 374,
376, 378, 38091 &t M*, (M+2)*, (M+4)*, (M+6)*2 33
SE 94 ionE9 peak’}t 13:38:37: 128 ¥ #ZHY

224 Fol e BEo] EAY W MS spectrum ol EAF
B} 2 mass unit¥ BE E53 FHA peakE Y FHZEA,
AR Foe BHEO I A3 BE AFEEA EAFL 4
(Cvl’lsosBl's)i FRH A

%, AE OHVIY 24 Ao &3] Yehde g o2 (M
—H,0)¢] 433 < fragment ©]2 peakE°| m/z 356, 358, 360,
3620 Ztzt w=Ho] OHYY EAE ¢ + UNLH, benzyl al-
coholdlAl E4F 02 yegue 25 oM m/z 280 P&
peak (M—H,0—CO—)7} m/z 3289 &3 = ©] benzyl alcohol®]
FzAdel 239UG (Fig. 3).

# acetone £ FolA £ proton NMR spectrumi A&
% 370 9] singlet signal (6=4.19 ppm, 5.00 ppm % 8.80 ppm)°]
2:1:29 H|2 #FHJoH HEFO R Ho} protond F 5707t
EYHoz EAste Aoz FHHNAD &9, OHY FA Y sig-
nalg 21871 98 40 F4 D,0E #7713 B8, 4 spect
rum ol AE 419 ppm, 8.80 ppm9 signalEol 24U, et
A, ARFE JebD signal (6=8.80, s) sgF o2 F7H4 2
7Nl OH”! (6=8.80 ppm, s)°l #2337, 419 ppm®] singlet&
AurE 9] OH7IZ $HHUL, D,0 492 X3t x 24387
2 5.00 ppm9 singlet signal2 249 $4¢ 428 chemical
shift 22 Eo} methylene (—CH,—) $42 FAHUG. &,
'H—'H COSY spectrum®) N E 6=4.19 ppm? OH7| $4 3} 6=
500 ppm® methylene?] =429 conteur’t Y} 0)E0] —CH,
OHZE 9ZH A+E FJ&%h

SL-1€ "C NMR spectrum¥ A % 7709 ©2& signale] #

80 1
88
pg— Y, ¥\
60 1 356 : (M-H0)' ——] |[—— 376 : (M+2)"
378 : (M+4)"
380 : (M+6)"

40 1

131 )4l

Fig. 3. EI/MS spectrum of the compound SL-1 isolated from
S. latiuscula.
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£59o1, chemical shiftgh &2 Ho} o5 674 ppm? signal
methylene B42 F3HH, U9z 671 100 ppm °l3te A
Zo B&Ho] o] WAHY ¢7le FAZ FHHAY. Proton
NMR# MS9 dataZHE #A8e g2 Foe 348 BFo)
A%=E 2 vhdle oHVE, 283 # AMde CH.OHZ Z¥E
Ae Aoz FFHAG

$8, 'H Detected Multiple Bonded Connectivity (HMBC)
spectrum®l A1E methylene”) 9] proton (6=5.00 ppm, s)°] 114.1
ppm, 1188 ppm, 133.5 ppm<] ©49} 4% couplingdtZ Y& A
oz veht dAge 1999 4o ~CHOH/ A% Aog
gagued (Fig 4, 3789 8§ 2 219 OH7Y 2% A=
chemical shift Zto28H 484}

olE UV, IR, MS ¥ NMR spectrum®] Z#HE {3} 4
2 §AE agsignmentd R Mori et al. (1983)0] FAAH 236-
tribromo-4,5-dimethoxybenzyl alcohol®) NMR A& & vjnd 2
3 (Table 1), ©)E2HH SL-19 FZ& 23,6-tribromo-4,5-dihyd-
roxybenzy! alcohol® ZA 3 ATt

SL-29] %

SL2t 222XE &9 FA EFF UV spectrumdlME
256 nm, 293 nmoIA 4% F4 peak’t BFHUIL, IR spectrum
oM SL-2%& SL-13% FASHA WEE dX A 42 335
£ peak (1,000~1,500 cm™) OH7| (4325 cm™), CH; (2,934
em™"), methylene (1,447 cm™), OCH,7] (1,076 cm™") 9 F%7t
7z} #2350, o] BAL SL-17 FAME 24 722 FHHUG

EI/MS spectrum”ol Al 4% SL-1% #FAMIA m/z 388, 390,
392, 39491 4z MY, M+2)*, M+4)*, (M+6)*o] 433e
peak7t 13:38:37: 129 ¥ &2 #ZHO] tribromo 3F}ERA
EA e 388 (CsH/0:Br) 2 F A 28 Y, fragment ion®]
Mg e sL-1% 22 31 mass unit 3L m/z 3579 [M—
OCH,] ©}29] peak’} VeIV methoxy?1s) EA47F FHHA.

7-C
|
1€ 6C 2.C ’ j
::uﬂ
7-CH,
B Br Br
i
,_ o~
3 OH B
1% i (R 1) 120 1ne 160 ,’:(“:; 70 0 59 @ L]
Fig. 4. HMBC spectrum of the compound SL-1 isolated from

S. latiuscula.
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Table 1. 'H and “C NMR assignment of SL-1 and SL-2
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23 6-tribromo 2,3,6-t.ribr0mo 2,3,6-!1'ibromo
Position SL-2 -4,,5’-dimethoxy Position SL-2 -;1,5-d1hydroxy “45-dimethoxy
-benzyl alcohol* -benzyl methyl -benzyl methyl
ether* ether**
'H in (CD,),CO in CDCl; 'H in (CDy).CO in CDCl;
4-OH 8.80, s - 4-OH 8.80, s - 3.90, s(4-OCH,)
5-OH 8.80, s - 5-OH 8.80, s - 390, s(5-OCHs)
7-CH, 500, s not measured 7-CH; 480, s 479, s 488, s
7-OH 4.19, s not measured 8-OCH; 339, s 339, s 350, s
13C 13C
1-C 1335 1363 1-C 130.5 12943 1340
2-C 1141 1228 2-C 1141 114.19 1238
3-C 1142 1218 3-C 1147 11475 1217
4-C 1454 151.9 4-C 145.8 146.23 1519
5-C 1443 1507 5-C 1442 14439 1505
6-C 11838 1208 6-C 1194 11928 1216
7-C 674 67.1 7-C 76.4 79.36 753
4-OCH, . 6038 8-OCH, 587 5338 568
5-OCH, ' 608 4-OCH, - . 60.7
5-OCH - - 60.7
* Park et al. (1999)
**Mori T. (1983)
proton NMR spectruml M= 25 3709 S8 & singleto] 3.2
129 M &R #EH oY, ARFo2 £ o F 79 proton©]
EA3te Aoz FUuHAon, & Fo D,0E HIIEA &3
g proton NMR spectrum® i@ Z#% 880 ppm9 singleto]
A48 o] signalo] SL-19] A9 2ol 3oz Fr4d F
el oH71el A# protonZ FAHo] MS % IR spectrum9) oD .
Azl dA3A% (Fig. 5). 5.0D
BC NMR spectrumel A F 8709 signale]l B5H A o0 587 | ] N )
ppm signal2 methylene ®4: 2, 764 ppm¥ signal methoxy — : ——t— —
©4(-OCH)Z A&HoH, 100 ppm ©l8 6he 428
7hA] e dAsy ergz2 FHHAY (Fig 6). L 40H b
'H—'H COSY spectrumdl M= +4E9 couplinge #ZH A oM - I
%93, HMBC spectrum®l A€ methylene”] ] proton (§=4.80 :L - sJ M:_ . -

ppm, s)°1 114.1 ppm, 1194 ppm, 130.5 ppm& 49} conteur”}
#Z&59}, methylene”| & SL-13 Z0] benzenedtd 1$19] @i
Agsn g Roz 48900, methoxy’l9 proton (3.39
ppm)#E conteur’t YERY ©]E9 EE FZ7I —CH,OCH;
(methoxymethylene) 2 o} 1o &5 Uct

ol HolHE Fat] WAR 74 g R F2E59 chemi-
cal shiftgh& A% E A7 Mori et al. (1983)¢] FAF 2,36-trib-
romo-4,5-dimethoxybenzyl atcohol® 2.3,6-tribromo-4,5-dimethox-
ybenzyl ether?) NMR A& 2 Park et al. (1999)0] B3t gfo]

£ vl@dte £ A3 (Table D, JJEZFH SL-29] 7Z&
Park et al. (1999)0] FR MR N 5T FAFHEL 2,
3,6-tribromo-4,5-dihydroxybenzyl methyl ether®t L S0
A5t

Fig. 5. Comparison of the 'H NMR spectrum from SL-2
between a and b (a: (CDs).CO+D;0, b: (CD;).
CO).

XM 3™ 2Mof o8t SL-29| X X

v mF §o)stA Aol HAE SL-2o] WFede XM A £
Aol o4& 23 & A4 E A=A E/MS R 2A dolgHe
Table 3% Zo] T4 ZFF o] HAAA ZPL2A, XA ¥4
A3 % 2305 point ¥ 2078 pointd] EHE WALE EAT 7 9
A%, 4¥A3, 232, Torsion angle HolE (Elo]H HghH=
B £33 FZE NMR spectum 288 F3% F29 ¢34
3 9 3AS (Fig. 7).
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Fig. 6. "C NMR spectrum of the compound SL-2 from S.
latiuscula.

Fig. 7. Stereovision of SL-2 elucidated by X-ray refraction
analysis, (2,3,6-tribromo-4,5-dihydroxybenzyl methyl ether)

SL-39f 7=

SL-32 ODS column’doll A 7} Hel £58 FE22A4 A
AT F 540 M8 F8 HEB22ZM MS spectrume A= SL-2
o} Bd&tA B 3889 tribromoBtFEZA AT EF,
proton NMR spectrum’3ol A% 8.82 ppm<] 2782l OHe & &
signalo] ¢ 23Al B2 (broad single)® R ooz BC
NMR, HMBC £ Zr% NMR spectrum©] £33 SL-29} 93
%ot

§d, AAs 4FY o4 B# F A chromatograph® 23
9% o]}l SL-29 FYF HAd &Z&A} o149 rechroma-
tograph el 9} MS9 NMR “Jol 4] SL-29} FHHA ge Fo2
nl o] o] J¥E SL-29 A o|HAZ FAHHY

Azf & 53] F2FEZVHE ¥T4E 71D 948 F79

F - 294 285

HE3§E S0 Rhodomelaceae, Polysiphonia, Rhodomela, Odo-
mthalia, Symphyocladia 514 ¥ =1} (Scheuer, 1973; Ku-
rata et al, 1980a). 53| Kurata et al. (1980b)& &4t S, Jatius-
culad] olHE FZE2ZHH Bis (2,3 6-tribromo-4,5-dihydroxybe-
nzyD) ether® ¥239oew, g FE2EZHEE 236-trib-
romo-3,4-dihydroxybenzyl methyl etherS #2j3td o]go] AT
EZZNH FZ& &7 I I3 AFEE FHAAY. oJF
& =3 34-dimethoxy benzyl acetate® L EAZ 3o 23 6-tri-
bromo-4,5-dimethoxybenxyl alcohol, 2,3,6-tribromo-4,5-dimethox-
ybenzyl methyl ether §9 tribromo 31382 #4384t (Kurata
et al, 1983).

JEyg & AgdMe Wee FE2EF oME F2E2RH
o) 2&A <) Bis (2,3 ,6-tribromo-4,5-dihydroxybenzyl) ethere ¥
A 9L, 2,3,6-tribromo-4,5-dihydroxybenzyl alcohol2 &=9] P.
lanosa, R. subfucosaZ*-€] £5¢] TMSi fE=Ad 98 GLC
o gzte] 727t FAHUSH (Glombitza et al, 1974), S. latis-
cula2 3 LAY A& AFolth

=3 Ao RN 7 FEAAEEL BAFAT 2 23,
6-tribromo-4,5-dihydroxybenzyl methyl ether® EUs o] (Park,
1999) ol 23t &do] 7Y By ofet et s E /AR
g Ao yEiyte

¥ Rhodomela larixZHE 22’33 -tetrabromo-4,4’,5,5 -tetrah-
ydroxy-diphenyl methane™ 2,2’ 3-tribromo-3',4,4',5-tetrahydroxy-
6'-methoxy methyldiphenyl methanes 223928 (Kurata et
al, 1977), P. urceolataZ% 8 33'-dibromo-4,4',5,5-tetrahydroxy-
bibenzyl, 3,5-dibromo-4-hydroxybenzy! alcohol, 3,5-dibromo-4-
hydroxy-benzylaldehyde, 3-bromo-4,5-dihydroxybenzyl alcohol, 3-
bromo-4,5-dihydroxy-benzyl aldehyde 2 ©l5¢ methoxys}
ethoxy FE=AE0) ¥ AT (Kurata et al, 1980a).

243 o|dEo] of§t % MIC

FEGAST g do] AFE 2 FoqFe tg MIC
(Table 20 22 ¥4 79 Bacillus. subtilis R Listeria monocy-
togenes T 70~1250 ug/méojil 1FFA T Vibrio mimicus
2 Proteus vulgaricus & 50~1,250 pg/méo.2 et 2FFA
T3 4T AXYY T2 Zol2 Qe YAz IFF
Aol ggo] ok3ltb Nakamura et al (1991)¢) B2g 2
e 28 %P4 2 4T A AY usd §7Ee
UEhlio] F 7HA] oj4te] BA 2 o]Rolx] T AL Uetdt=
AL 24 £ dh 88 A% ¥ FFold N e MICE
T3] Z@ste g F29 9FF (500 pg/disk FEE
7tete] E4¢ FR%q £ AF oy A FF e
Ye Aot E8E Candida %, Saccharomyces %, Zygosac-
charomyces eidei®l W3, FF0| Aspergillus %] H3|A =3
2% F7EAE veho] (Table 3), FAEF, TEAE, £H4F
Bt ol A2AEAF Tk ol & 7HeAol AAE AT

fis
EX

to ook
e

v}

DleA FHSY Y SAHOIHY XS



286 BeeagToln 258 ¥7RAY 72 8 54

Table 2. Minimum inhibitory concentration(MIC) of methanol
extracts of Symphyocladia latiuscula against different

bacteria

Strains MIC (ug/nt)
Bacillus subtilis ATCC 14593 70
Bacillus stearothermophilus var calidolactic 250

ATCC 10149

Staphylococcus aureus ATCC 6538 500
Listeria monocytogenes ATCC 15313 1,250
Sterptococcus epidermis ATCC 12228 250
Escherichia coli ATCC 1129 500
Pseudomonas fluroescens 2,500
Aeromonas hydrophila 291-3 COC 500
Enterobacter aerogenes ATCC 13048 250
Proteus vulgaris ATCC 6308 1,250
Vibrio fluvialis ATCC 33809 500
Vibrio mimicus ATCC 33653 50
Vibrio vulnificus ATCC 27562 50
Vibrio parahaemolyticus ATCC 17802 500
Vibrio anguillarum YT-85805 1,250

Table 3. Antimicrobial activity of methanol extracts of Symph-
yocladia Iatiuscula against yeasts and molds

Strains Activity*
Candida albicans 17PL 76 ++
Candida boidinii CBS 8106 +++
Candida intermedia CBS 572 +++
Candida lipolytica ++
Candida oleophila CBS 7034 +++
Candida tropicalis CBS 94 ++
Hansenula polymorpha CBS 4732 +++
Kluyveromyces fragillis 561M ++
Kluyveromyces fragillis lactoserum de dann ++
Pichia pastoris CBS 2612 ++
Pyrenochaeta terrestris ATCC 32327 ++
Saccharomyces cerevisiae CBS 1200 +++
Saccharomyces cerevisiae thermophilus ++
Saccharomyces delbrueckii CBS 1146 +++
Saccharomyces diastaticus NCYC 361 +++
Saccharomyces koreanus +++
Zygosaccharomyces eidei CBS 4575 +++
Aspergillus oryzae (Ahlbury) cohn +++
Aspergillus parasiticus ATCC 20235 +++
Aspergillus versicolor ATCC 11489 ++
Penicillium funiculosum ATCC 9644 ++

*Diameter of zone of inhibition; —: not formed, +: below 0.9
cm, ++: 09cm~13cm, +++: above 14cm :
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