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Abstract

In last decades marine organisms caught great interest from pharmaceutical
companies as sources for noble compounds. Despite its relatively short
history, structures of over 5,500 novel secondary metabolites have been
determined, of which ca 40 compounds revealed as agriculturally and
pharmaceutically active compound.

A bacterial strain producing a high concentration of red pigment isolated
from sediment that had been collected East China Sea, Which was recorded
as JE—34. It was identified as Zooshikella sp. JE—34 as based on the
biochemical properties, cellular fatty acids analysis and 16S rRNA gene
sequence.

The strains were Gram—negative, chemo—organotrophic, aerobic and
required NaCl (0.5-8 %) for growth.and major isoprenoid quinone was
ubiquinone—9. The predominant cellular fatty acids were saturated and
monounsaturated  straight—chain  fatty acids. The pigment showed
characteristics similar to prodigiosin, as it is insoluble in water and has a
red colour with a metallic green sheen. Prodigiosin has been reported to be
deposited in the cell envelope and not released into the medium; in addition,
in its amorphous state it has an appearance of red platelets with a green
metallic sheen, and a maximum absorption of 535—540 nm. To date,
prodigiosin and its analogues which have been shown to have anticancer,
cytotoxic and immunosuppressive activities have been isolated from Serratia
marcescens, Psedomonas and Streptomyces species, and chemically
synthesized. Nutritional and cultural conditions for the production of
prodigiosin—like pigment by this organism under shake—flask conditions have
optimized. Similary initial medium pH 6.0, incubation time 4days were found

to be optimal. The optimal conditions for the production of prodigiosin—like
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pigment for carbon, organic and inorganic nitrogen sources were soluble
starch and malt extract.

The radical scavenging activities of the extracts from Zooshikella sp.
JE—34 cell (ZC) and culture broth(ZB) according to extraction solvents and
fractions on hydroxyl, alkyl and DPPH radical were investigated using a ESR
spectrophotometer and compared with the ESR signal intensity. The extracts
exhibited strong scavenging activity on hydroxyl, alkyl and DPPH radical,
and the activity increased with increment of concentration of the extracts.
The electron donating abilities (EDAs) of ZC acetone extract (ZCAE) and
ZC ether soluble fraction (ZCfr.E) were 95.74% and 94.51% at 0.5mg/ml
respectively. The hydroxyl radical scavenging ability of the ZC hot water
extract (ZC70E) was highest (59.08% at 1mg/ml), and alkyl radical
scavenging ability was highest in the ZC water extract (84.05% at 1mg/ml).
From these results, ZC extracts and fractions had strong antioxidant
activities.

This study was investigated the antimicrobial activity of the culture
broth(ZB), and bacterial cell(ZC). ZC and ZB extracts according to
extraction solvents and fractions. The antimicrobial activities of ZC and ZB
extracts was tested against 18 microorganisms which were fish and human
pathogens bacterial species. The extracts showed high activity against
Streptococcus Iniae, Streptococcus parauberis, Staphylococcus —aureus,
Propionibacterium acnes, Streptococcus mutans and had poor effect on
Serratia marcescens, Proteus mirabilis. Among the various solvent layers,
the ZC methanol extraction (ZCME) and ZC diethyl ether soluble fraction

(ZCfr.E) showed strong antimicrobial activities.
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A7t o ARl oa FHHsA AbgEol gteu Tk Al
g faldol Aol wel 2 ARgol A8 qrAlE AL vk T anjARbE e
o) Qb gl ek A skl FH A, Belxdree] TR e TE
b AN RS dAd AAMRe F2E 3438 STRAIA HAY B B2
A= A, 9, N3t 5 Aol e sty sE B Ve
4 A, dekE, s R AR ARV S AAA et Ao

(Francis, 1987; Lauro, 1991). wg}tx HAMAL A|Fo] IA A" o7 4

¢

FEaA o Ve FopHel AtgolrR dAAkE AX=moM FE AikEa 3l
O AL AAA AL tiER 29 &l @k Aol A4 20099

L7F JdNa FUEHE FAot. AANA] AFE F9H, dE FoAA ts)
A AFE Q3L flavonoids, carotenoids, chlorophylls, anthocyamin, shikonin,
carthamin, betacyaning©] 7% AH(Kim, 1988).

AANL2E OU 717 B AHgHo] ool Baka §A

HoZ gFstes AdATN FEAE UHF TIT F de AN sHe BA
2Tt Aw7hA HAAMLE g sEoIY AEdA AH FE5 AMEE
7tA o] v Az 9 AAsk A wet Fde] W Ad dis AYa

tH(Fowler, 1983; Hannagata, 1992). o]ol H]sle] mAEo] <ols)] AAHE= A

Ao AL wFAIZ o] & o
gto] 72 =& AdES €5 F dnke Aotk a8al iR o] Fhdet]
kel wE HE= Axd 5 dve Aol AtH(Han, 1992; Natarajan,

1995; Yang, 1995; Yongsmith, 1994). o]=¢] o]&°| tsto] MonascusE < ©]
&5 Aie #ek A-t(Lee, 2003; Lee, 2002)E HIXEstel Rhodotorulas: ol
carotenoid Aol &+ AG-(Nam, 1991; Matelli, 1990; Costa, 1978) 1&]iL
ClavicepsZ¢] 274 Ao gk A4-(Cho, 1982)5°] FdHAoH 53] 3
FrgEe A9 wEATTE mEet Frldoe] FEg Sl A A% 54

woll Aelggol Q= specificdt Mo Arke] ZlhE T sHARE M A=

Mo AAAQ o gol AF A9E T3 wE@ ARoln] ofo] weh WA
o wAQl e Ay, B4 adle] w2 g4 Fe Wrhshe] AgiHe)



2—2. Antibiotic Pigment Prodigiosin

Mg Adtste AoRE deExl #Be HAE FollA Serratia & A A9
ProdigiosinAl€ 9] MAE Arbsts Zoz we A7 Ao A (Custro,
1959; Deol, 1974; Lim, 1977; Natarajan, 1995; Yang, 1995). Prodigiosin
(2—methyl—3—amyl—6—methoxyprodigiosene)< 7]¥-Z 22l Prodigioseneo] 7+
7] B2 alkyl *37|E 7}A]= 159 Prodiginines (6—methoxyprodigiosenes)l
£kt o)== Serratia marcescens, Pseudomonas, Streptomycess ol AAtE = &
AAQl FHE AMiolm HlFA o BASG7F 207091 tripyrrole 7% 2 Kraft’} Bacillus
prodigiosusO| Al Ao 2 8] 3FA th(Kalesperis, 1975).

ol wo AN T dFSAIde AHEA doy AAV] S HSAAEAN A

>

NEE EAAQ o &AM olH B a9l WAy, *%, pHE Y 29l g
W=t} (Williams, 1971; Williams and Quadri, 1980; Sole, 1994; Slater, 2003).
Prodigiosin®] A3 A4 Fig. 102 Yehdgleor dde] A4S HExshy vpA| e

GAlE= ¢FAZE bipyrrole?l  4—methoxy—2,2'—bipyrrole—5—carboxaldehyde (MBC) ¢}

o

A ol monopyrrole?l 2—methyl—3—amylpyrrole(MAP)o] Z7] M= &85 =9

Al g gastdor =3dstd A9 tripyrroles At (Qadri, 1974).

CH,
ZN\ R
HN Y,
CHy
N DEP. R =Et
\ NH 0 Prodigiosin. R = Me DMP.R=H
Norprodigiosin, R=H
L NH CyHy
MBC. R =Me
HBC.R=H
=
Y
c
N 1 Undecylprodigicsin Butyl-meta-cyclo-
2-Undecylpymole heptylprodiginine

Fig. 1. Structures of some members of the prodiginines and key

prodigiosin biosynthesis intermediates.



Prodigiosin= Za1&<Ql  ojekA|Ze] 7leAS 7K o] anti—fungal,
anti—bacterial, anti—protozoal, anti—malarial, immunosuppressive and anti—cancer
activitiesoll #Hg Ag7F 2] APHArH Williams and Quadri, 1980; Tsuiji,
1990; 1992; Demain, 1995; Mortellaro, 1999; D'Alessio, 2000; Montaner, 2000).
ol uwhe} ML AvdE wAEe] thAEHE £ Prodigiosin AR E 9
At 7 2 (Lim, 1977; Natarajan, 1995; Qadi, 1973; Scott, 1976; Williams,
1971). 2 FZ%4](Custro, 1959; Deol, 1974)%5 9] &3] A=At el
X% Serratia sp. KH—957} A8l prodigiosin® T+Z25F4, 2] A A, wjISE
Aol A7t FEnk 9lem (Choi, 1997; Kim, 1998; Song, 2005) Hahella
chejuensiso| A A=+ prodigiosin®] A9 TXEA, Aol ¥l
ofyzt & A B4, WAAAAZA L &4, AxWA s dTE F
3 2 AAH +8& AAEEAM ZbeAdS AAAE(Kim, 2006; Huh, 2007).
w3l prodigiosin®] &R ¥} #HASEY] Chitin synthase 119 Aa|A=A 283k
o= 47" Bk o (Hwang, 1999).

olgfdt &gt Aol E7etal FAStel tigk A7t mRlRE 1 FE o=

Prodigiosin®] w3 A<l AARFOl Serratia®se] 7% M AAFEFo] 10—-100mgl =2

mf$- 7] wjEo|th(Natarajan, 1995; Willams, 1980). ¢]o| we} prodigiosing T
ZF ArelE 7S S D B AL HolF59] e v B 58 AT

(e
i
2
rlo
offt
of\
’
©
i
i)
of\
2
>
M
v
rol
=K

T % prodigiosin A} AMAE A

AeteE #E wEEkslal olE s A3 Zooshikella ganghwensis WS-

Abeti ot FEjeA 54, AststEACA & A4S B Zooshikella sp.

Holal 1 G EAASE EMeglth gk o] Strain®] F8 tiARE

A MAEHY EASAY, HAS dFeglom EE AT oA UAMHE S
].

Aegds FAsr] Al &, s 24 S 3 FEAsAd ezl
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e AE o 13 s gk, wigets 2 A3kt 545 Manual of
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Manual of Systematic Bacteriology(Kreig and Holt, 1989)¢l 2]s}e] A|otx HIH
of os Akt Fast EA 4 7S BLAST| Database®} H]ulste] 543131

1) st &4

SEM(Scanning Electron Microphotography, JSM—6700F JEOL Ltd.)E &3
ety 54 BFs A P 0.2m filterS Bt F wjAol S8 2 9o
TS HAE3A0. o] AAE A filterEs A7FE 2.4% glutaraldehydeo] B9
AAAZ & 0.1 M phosphate buffer® 23] o] A& 3lt}. o]= ethylalcohol
40, 50, 60, 70, 80, 90, 100%% 27} lhr st EFAINT G4A filters
isoamyl acetateo] H §, BA CO.Z isoamyl acetateE E¢al, 295 43

AR Aoz #F, ojn| x5} AIZiT

2) 16S rRNA @714 <E &4

16s rRNA F24& Genomic DNA Extraction kit (Bioneer, Korea)E A}F&3}o]
Chromosomal DNAE #2]5}%3 2™ Bacterial 16S rDNA universal primerE ©|-83}
o] 16s rDNAE SZAIF Y. 4% oligonucleotides®] Z12+e] primers= forward primer
(27F): 5 —AGAGTTTGATCCTGGCTCAG—3' reverse primer (1492R): 5'—GGTTACCTTGTTACGACTT-3'
o] AVIAdEE FAEUY. A9 0.5 uM  primer, 200uM deoxynucleoside
triphosphate, Tag DNA polymerase(Bioneer, Korea) 3ulE A}g3&lo] PCRE 4=3Y
8tk PCR WHe-2271-& 30cycle 59F 94ColA] 45% denaturation, 50ColA] 45%
annealing, 72ColA 45%7F extention 3}Fe SZ¥ PCR productE 1%
agarose(Agarose LE, Promega CO.) gel2 0.5¢g/ml ethdium bromide= <2135}
stolstodtt. o]= ABI prism™ Bigdye™ terminator cycle sequencing Ready
reaction kit V.3.1 (Fluorescent dye terminators method)®} ABI 3730XL capillary

DNA Sequencer & AFE3lY] PCR product®] 97|48 A4S 4233813 th



3) TF AEA 4

w2 16S rDNA 471423 &7 BLAST &4 243 A7 <E3e] #FAHd
o] =AW Zooshikella ganghwensis 2 strain®} Gammaproteobacteria <}
Outgroups® &F<9 16S rDNA F3= A7]<E3 4 ClustalW software
E AFESEe] wjEstslt. Al 5=+ distanto] <FS i+ neighbor—joining WH &

olgdtel ABF W fAHA TGS =AY,

g% gAaWow JE-349¢ ME® EAS zAEFgIth. MA(Marine Agar,

1
Difco. Co. USA)| 3t5FA%E vjkste] wix]zdHd dAHE T colonyES Bo=
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Merieuk SA, France)®t &4 A4S &3 #S s48s= API ZYM<S &3
(Bio Merieuk SA, France)E AR&3dte] &4 Fth A3 dF= dubded #5%
9] JE-34% Y aTEA duhujA s BFo] dAA] "olxBRE A
M-S KitY stripl HF3sE7] Aol AUX mediumol| Sea salt(sigma, USA)E 2

0% & 7}slal Bacterial suspension= A &3slo] AF-&83IT}.

Methyl esterst A|Zith Qofstd Imle] ozbe] stels H7bsk & 100TolA

30%-7F WES-AlA saponifiedA 71T}, o] WZFA]7]3L methylation reagent 2mlS-



A7kl 80°CelA] 10w3F WAl & Fos AL AAstL A5
FE8& 8 1.25mE FH7hete] 1021k A Aol et s =2 9
S8 AASEL F el Al oF 3nl

A gujZFo] 2/3S dojUo] gas chromatograph(GC)& A5 =& 3},

o
o
2
o1
iz
L
K
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ol
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)
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X
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AAx2lE Fatty acid methyl esters (FAME) mixtures& gas chromatograph
(Hewlett Packed model 5898A GC)Z Microbial Identification software
(MIDD) 9] % Ko wha} F2&3},

1-3 Mawde] 23deh4

o7 5%

J|m
pa!

3

1) MAaEde] =

JE—-34E MB(marine broth, Difco. Co. USA.l 50mle] 30C 2443+
AujFe 5 o]& 200ml MBell HFstal 30C, 72A7b&t vt 2o
M2 10,000g04 2023 AR to] AT AL T ethyl acetates

Vet FESbal, dAe A% 20mel 100% acetones 7lsle] AMAE

TAFZELS 10,000g914 2083 AAEe sto] 2AE FAS AAsL
AT Mol ethyl acetate FE=3 Z33th. o]E sodium sulfateE 718}
geAl & FARAESEIIE S8 58] 50% methanol 2= 1mg/ml 2|
=2 A A H(Kim, 2007). HPLCE o]&3dle] MALEAS FAH3 7] 6
duk" o & Prodigiosine A AT A Serratia marcescens (KCCM

21204) 99} T3l W o v FZ=3Flo] HA o Alg-alT),

ol MAS A 4 AY 2 QS fIste] #sHA Q] AR o] 245
TS Ao NS Bu A olal SA Jhed o= vy fls A
(JP 7100F, Color Techno System Japan)E o|&3te] EAgch C. I E
diagram<= A& ®&HA=H o] AMAANA oW M| HHE= X, Y, 22



Ehlie o= thie] waol ofste] AT olw maEm ARl X, Y, Z g
Z¥7} 90.65, 95.66, 103.24%1Th.

_ X _ Y
X= X+Y+Z Y= X+Y+Z

U

FE MY FEEAS L7IHE 7HAFA D9 spectrums S-S E3 A

A FEES UV-—visible spectrophotometer & AF&3Fe] 400~700nm <G9S

scanningsto] 159 FTFIHE(hma) S SAHSTE o]o] 2FEHS FFUE F
1

sto] PR OE Ma F

e
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1o
ol
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Jm
o,
)
o
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o
o
|\
i
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o,

3

A 2FE o] HPLC B4 x7

)
=P8
TE

_1.4

o Alg8-3¥ HPLC(Waters Co. USA.)+= Waters 2690 AM&3la JE—349]

A0
A

Abgelt. Ao AFE-HE columne XTerra MS  Cig(5mm  2.1mm><150mm,

Waters, USA.)= A}F&31% o™, o]side #%52 0.3m/minS=Z 33 100%

FZ I3} Serratia marcescens® MAFZ=NS HPLCoA QS AlggAo=

oo b

A

methanol®} distilled waterE ©]-83t] == (10~100% methanol 60min)

o] Mz o® skl i sample®] peaks W43k}
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2. Prodigiosin—like pigment?] AA4HS 93 viZA © AMA oA A

ZkE Ao 24, &%, pH H F7lE 59 wdFxdE 23 AL AR A4
< A= TLF TS sk Ae® dEA ok EFE prodigiosing 4
A o] whael o] vjgol wiet g ol &S JHxItkal By wp
A1tH(Alonzo, 1979). B3k S. marcescens ¢l 749 Glucose, ATP, F7|<¢14H
NaCl, pHS2 8f2<lo] 2& prodigiosin®] AgAdel] FdS wi=tii dyx =
A &ol Ag¥l Zooshikella sp. JE—349] 749 w3l 4 Q< X FA o}
& MFEAY A7 Bastttal AtsEH.

AAN e 579 offthe AS 7ML oy o5 &, pH, A&, A&

Sol ofste] 4Ee] FhF Fol ols) 47 Gaslo] FAMLE PEolA AHE

2—1. Prodigiosin®] A4 =4

Prodigiosin®] AA2 Goldschmidt®} Williamse] W (Qadri, and Williams,
1973)& ol&3ste] SASIATE 1mle] viFdol 2mlo] ofAlE=3} 2ml o] A v
(4ml 1IN HCI¥} 96ml methanol)= 7}8F th 10,000xgo A 20% &< LA
g3 & AE=AS FHalo] 5349 655nmolA 0.D.2 =A3AT).

5349} 655nmell 412 O0.D.2F 1S 19.3¢g prodigiosin/mg protein®. = 2] 3} o
™  protein AHS bovine serum albumin(BSA)E F=d AR o] 8-3}¢]

Bradfort®] ¥ (Bradford, 1976)23 AMg&3te] A=kt

Hm

kA 7F 2 wfere o] wE prodigiosin—like pigment A TF<¢l JE—349] uj
& AL HA = dES AESH] skl A Al A geS 1%(v/v)
2 HFsle] 4, 15, 20, 25, 30, 35, 40, 50Ce| Z-2+ njfstd o, %=7] pHY
33S dolr ] 98] IN-HCl & 3N-NaOHZ 7}ste] 7247} pH 3~1282 %4

Sh wj#lol] sAv &2 HFsl] 72 AHFEF prodigiosin T HFS FA 3]
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2-3. FEH MIEA

x| Aol o gk o] A5t prodigiosin FHS 5457 98 7]E8A
¢l MB(marine broth, Difco. Co. USA)ol NaClE 0~10%7}A 7tste] v s}
a1, Bk (chitosan, soluble starch, fructose, glucose, lactose, mannitol,
sorbitol, sucrose, xylose)E& ZZ} 1% 716t A= 2 ML AAA S #2ks)
Ao, AALYL malt extract, peptone, yeast extract, NH;NOsz, NaNos,
(NH4):HPO, KNO;, (NH)SO.5S 47 0.5%37FskaL, 71972 74 BaCly,
CaCly, CuSOs, FeCls, HgCly, KCI, MgCls, NiCls, NasHPO4, ZnCl® Z+2F 0.1%
A7He ATl sz or HFsto] AHIY. A= 4 0~10%7
A Adsksi

2—4. A 2ebg A

pHYE &=8M(pH 1.0~2.0 : Clack—Lubs buffer, pH 3.0~8.0 : Mecllvaine
buffer, pH 9.0~12.0 : Sérensen buffer)E 7}sto] 25T A 3A17F W1 & 1
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3. Zooshikella sp. JE—347} AA = 23 AMIE 9] A EA

A F 7V A Zooshikella sp. JE—349] &4 9 Fo A=l prodigiosine] A4k
A, oHAA T ZIMbECl AGE SFga B Ao M= JE-347F7F At o

AUAAEES ol 854S Gt sto] G B 2L FRBHS S48

-~

Aok 2 779 F8 WARMEEY prodigiosine A Eghuiel 3ho
anti—fungal, anti—bacterial, anti—protozoal, anti—malarial, immunosuppressive
and anti—cancer activities®] ¥F#H3F A (Williams and Quadri, 1980; Tsuji,
1990; 1992; Demain, 1995; Mortellaro, 1999; D'Alessio, 2000; Montaner,
2000)7F Zrs] AgdE mp o gle] 1 AEAQl ZAo FAEel e
strain—specificdt EHZA L] 7lsAdo] F&Esittal Als®rt, E£3 JE-3471 A
AFsh= prodigiosin®®qF o}y 2} EPS(exopolysaccharide), -7]14F, obv] =ik, @4
<o AYEA 2245 e 3l 3 YTt o AZbA o] whet
F9, & FEE, ®EEol Uk DPPH radical 274%, Alkyl radical &A
5, Hydroxyl radical 2715, Hydrogen peroxide 2759 &4tsl &3 HA

FAAEA Y 7HsAdS Flstr] 98 UA F2 ofFEW WAl W I

q

Zooshikella sp. JE—34% MB(marine broth, Difco. Co. USA.)el FH&3}o
shaking incubatoro] A 30CelA 120rpm Ao 2 Aujdalar 1%(vv) HEE
HZ35}o] 3L fermentord] TAZAO R 12047 v ksl o).

sjgale Aol vl welsty] 8 94lE2(8,000rpm, 15min, 4C)
T dA= SRTFE 23 Mo W F sAAXIE o]&ete] Hdxstal g
%!

S FAAZRVE o] &3t EEE wEo ALgslt. =8+ chloroform,

e

70% methanol, acetone, 25C distilled water, 70C distilled waterS AF83}9
3 Z+zke] gu 100mlol] dAZxHE A 1gE Yol 25C(70TC distilled waters=
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oo FRAE A F Fig 33 2o WMo #3 PIHAY. = B
7|4 3] diethyl ether® 7FeF F 2818 F&, FHshe] ¥

a, AEEA FE WHoer FxHoe= E35& chloroform, ethyl acetate,

n-butanol® FAHOE FE FEHC] 4ze) 23 U A% BHS BEF 2
5o FANEGC] Qe B B AP AT £ wgole] BHe u)
FIE | SIS ol g3te] L WHOR AU

Liquid cultured broth

Centrifugation (8,000rpm 15min 4°C)

Bacterial cell

Extract with methanol

Methanol extract Culture broth

Add distilled water |
| Extract with diethyl ether
Fr. Diethyl ether Agueous phase

| Extract with chloroform
| |

Fr. Chloroform Aqueous phase

| Extract with ethyl acetate
| |

Fr. Ethyl actate Aqueous phase

| Extract with n-butanol
[ |

Fr. Butanol Fr. D. W.

Fig. 3. Fractionation of bacterial cell and cultured broth of Zooshikella sp. JE—34
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3-2. ol AN ] 7 27T 54

1) DPPH free radical scavenging activity
7} sample®] DPPH free radical 24842 Nanjo 52 Wil 2o3ste] =43}
At 60 w AlEgde] 60 wl DPPH (60 uM) £98S #H7lste] 10x% =<9 oL

kel oS &£3H8-91S quartz capillary tubeo] %71 $ 2% 3o ESR= =43}

HEHL gscan time : 30s, filed : 336 £ 5 mT, time constant : 0.3s,
power :5 mW, amplitude :1x500 9] ZHA o2 7Z33t};. atslagel tfg
DPPH radical®] &A@ otgfo] A& o] &sto] Aats3itt.

DPPH free radical scavenging activity (%) =

(ESR signal intensity for medium containing the additives of concern/ESR
signal intensity for the control medium) X< 100.

Measurement conditions: central field 3475 G, modulation frequency 100
kHz, modulation amplitude 2 G, microwave power 5 mW, gain 6.3 X 10°

temperature 298 K.

2) Hydroxyl radical scavenging activity
Sample®] Hydroxyl radical 2A &4 LS Rosen 52 Wl st ZA3AT}.

20 ul A1E&H] 0.3 M DMPO 20 ul, 10 mM FeSOs 20 ul, 10mM H20; 20

ot

wleS =33k S quartz capillary tubedl] %1 § 2.5% o ESRZ =A3S
o}, ~HAEHL gcan time : 30s, filed : 336 =+ 5 mT, time constant : 0.3s,
power : 1 mW, amplitude :1X100 ¢ Ao 2 7|=3slH ) sFASIA B st
Hydroxyl radical®] A&/ ofefo] 215 o]g3sfo] ALkl

Hydroxyl radical scavenging activity (%) =

(ESR signal intensity for medium containing the additives of concern/ESR signal
intensity for the control medium) X 100.

Measurement conditions: central field 3475 G, modulation frequency 100 kHz,

modulation amplitude 2 G, microwave power 1 mW, gain 6.3 X10°, temperature 298 K.

_15_



3) Alkyl radical scavenging activity
7t F&=9 Alkyl radical 27 €A4 2 Hiramoto 59 ol &Jste] A3k
o} 20 wle AlEEN D.W 20 ul, 40 mM AAPH 20 ul, 40 mM POBN 20 ul

E Egs v 37 ColA 307 WA 3k $ quartz capillary tubed] %% %

ESRZ SHstt. ~2FEZH L scan time : 30s, filed : 336 £ 5 mT, time
constant : 0.3s, power : 7 mW, amplitude :1xX500 ¢ ZHo = 7|=3}3T}.
Fabsta] gl gk Hydroxyl radical®] 27242 ofefo] 245 o]&sto] ALks)
At

Alkyl radical scavenging activity (%) =

(ESR signal intensity for medium containing the additives of concern/ESR
signal intensity for the control medium) X< 100.

Measurement conditions: central field 3475 G, modulation frequency 100
kHz, modulation amplitude 2 G, microwave power 10 mW, gain 6.3 X 10°

temperature 298 K.

4) Hydrogen peroxide scavenging activity

Z} FZ5 9] hydrogen peroxide 2AZA S Millerd ®Wiiol wel =353t}
0.1 M phosphate buffer(pH5.0)9F #} F&& 100 we& ZH2F 96 microwell
plated]] Yol E8 A7t} o 7)o t}A] 20 wle] hydrogen peroxides H7FA17]1
37TCo| A 5&7F WA X1}, whgo] E4 & 1.25 mM ABTS®} peroxidase(1
unit/mDE 242} 30 ul F7bste]l HFH o2 37CAA 107 WH3A1Z $ 405
nmel M Fd=5 S74sklth. Hydrogen peroxide &A1& tha3 o] A4t
ST

Hydrogen peroxide 2AZA (%) =

[1-(=TFF =N EFE )/ 2753 5=]X100
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Table 1. List of strains and growth conditions used for antibacterial experiments.

Strain

Growth conditions

Gram
negative

bacteria

Vibrio anguillarum KCTC 2711
Vibrio parahaemolyticus KCCM 11965

Vibrio alginolyticus KCCM 40513
Vibrio campbellii KCCM 40864

Vibrio harveyi KCCM 40866
Vibrio salmonicida KCCM 41663
Vibrio vulnificus KCCM 41665
Vibrio furnissii KCCM 41679
Escherichia coli KCCM 40880

Edward tarda KCTC 12267

Marine Agar (Difco 0979), 25T

Nutrient Agar (Difco 0001)
with 3% NaCl, 37 C

Marine Agar (Difco 0979), 37C

Marine Agar (Difco 0979), 26T

Photobacterium broth
(Difco 0417), 26C
Trypticase Soy Agar
with 1% NaCl, 26T
Trypticase Soy Agar
with 1% NaCl, 30C
Trypticase Soy Agar
with 1% NaCl, 30C
Nutrient Agar
(Difco 0001) 37C
Nutrient Agar
(Difco 0001) 37C

Gram positive

Propionibacterium acnes KCCM 41747
Bacillus subtilis KCCM 40820

Staphylococcus aureus KCTC 1916

Brain Heart Infusion Agar
(Difco 0418), 37C
Nutrient Agar
(Difco 0001) 30T
Trypticase soy broth
(BBL 11768), 37C

: Brain Heart Infusion Agar
bacteria Streptococcus mutans KCCM 40105 _ .
(Difco 0418), 37C
iB BHI (Medium 3) + 0.5 %
Streptococcus iniae KCTC 3657 Glucose Medium, 37C
. Trypticase Soy Yeast Extract
Streptococcus parauberis KCTC 3651 _ .
Medium, 37C
. Candida albicans KCTC 7270 YM Agar, 24C
Fungi

Pityrosporum ovale KCCM 11894

Pityrosporum Medium, 30T
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= e FYAY HAde Y% 30°57'6.22"N, A% 122°32'9.30"E ©

k)
0,
[%
N

st Zel®E A oF 15m=EN AEAFHAS] T2 26.1C HEsEw 25.3% =
AT ARl A" el oste i Ay Bacteria;
Proteobacteria; Gammaproteobacteria; Oceanospirillales; Hahellaceae; ZooshikellaZ <
AE N3 F2 DNA-DNA hybridizations &3] DNA—DNA relatedness®] &1 &
9] F7HAY S Bl AFo Wy sk Aot} = JE-349 A AN Zooshikella sp.
JE—342t31 WS, Zooshikella®& QA WRE #FF7F 2709 Strainiho]
EAsts £o02 JadFR AARHY old Z AFelM & JE-349 &5
st A= AEYYA SHo=E IV Y AZY=E T}, Zooshikella sp.
JE-347} AlEdF2A9 7tsAS B#st7] 98l Zooshikella ganghwensis
KCTC 12044, 12045 #5379 RHluE FAHoR sigloy Ay= a3 2o

1-1. Fejet4 54

Strain JE—349¢] Ao A AFAIC] colony®] SA4S ##3th 1 A
ol A=A FAbolqal FFAH (unbonate) 2] HEIS 2™, colony 7FAE] 7}
wrA et FEs W =5 A4S He 5S4 40 A)E BTk o=
Zooshikella ganghwensis KCTC 12044, 12045 (Fig. 4. B, C)9] colonyEA 3}
w-- FARS 29t B9 P9 w3 (convex) 2R JE-349F thE S4=

R, 37) 25 mF AAasE Al on S metallicd FES W
Art. o2 E& 37F WE SAMLE A4 @ Aoldm ArHY Y 59 9

TollA Zooshikella ganghwensis KCTC 12044, 120450] AAtst= Al AE2 0]
prodigiosin®]2}al el u} o] JE—34 FE3I FAPMA EFolt AR EUH(YI

2003). Z+7+e] #FE MAo| 30TCoA wiekst 23 12—18A]%F colonyZF &
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AE 7] Ao, 24A7F v Foll= AMAMALE AT AFF. e
3l colonyE©°] Eo & F28 FAHORE Flo] Mo Frvl golA= FA
&Y eyl AFERdh ol 7159 - (Margalith,  1992) A4
prodigiosing AAksh= A pellete] SAolgt 7]k vl lo] ity = 2 A4
A7} prodigiosin® 7FeAd S W= Adeta AT £33 JE-34= o
A Ao e e MM AP S BPor FAVE SHE AgsE EAS
Bt

o] FEetd 542 30CoA a5 &<t widst & SEMS &3l #Esiolon
JE-34% 7+t FE=E ®wlow Zoli= 10~15m Z& 0.6~0.9m= e om
KCTC 12044, 120459 7% 4ol 1.5~2.5m Z 0.7~0.9me O =2 (Yi,
2003) FEjAl zpol& HATE SFA|RF o] A= SEMO] dAE] Wo] el w
E A7 zold F d& Aolgt AAE sdx7Y AAE sto] Hlusigith 1
A3} Fig. 5. D.o] Holi= niel go] £ FASIA T ol 1.5~7ms thdsH
T =AUk g 39T B Aol vt 2 o] e Ao] FiAoR #EE

rU

o] Streptobacilli®] FEj&}tal F=% o] TEM(Transmission electron microscopy)
9 F7F A¥E Fs gdsior & dert Ydvtn "o, SR
Streptobacillig Bjolt g} = KCTC 12044, 12045 S+ 7%} Strain JE—34& &
gista 549 o]zl dvkar dAeE

ol
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Zooshikella ganghwensis  Zooshikella ganghwensis
KCTC 12044 KCTC 12045

(D) )

Fig. 4. Cultural characterization of Strain JE—34, and Zooshikella ganghwensis
KCTC 12044, 12045.

(A) Colony shape of Strain JE—=34 (B) Colony shape of Zooshikella ganghwensis KCTC 12044

(C) Colony shape of Zooshikella ganghwensis KCTC 12045

(D) Red pigment from Strain JE—34 under culture times (0, 3, 6, 12, 24, 48, 72hr)

(E) Cultural characterization of Strain JE—34 under broth media condition
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Fig. 5. Scanning electron micrograph of Strain JE—34 (A, B, C) and,
Zooshikella ganghwensis KCTC 12044 (D).
Cells were grown on MA at 30C for ldays
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1-2. 16S rRNA 47]4 <

2lH%E RNAGRNA)E 7 ABo] HAos FAsh: HEAC] =& ditixlo]
o, HBESY sHAEe Aol 7P 83 EAiAAR o] &H L v 59 W&
Aol H& FE2+= small subunit rRNA(SSU rRNA)ZEA] FFol o] 8%+ 16S ¥
16SAH18S) rRNAZLF ofol] &3ttt @A W& EFAAl= SSU rRNAS] HH
S 7= ATFE o, o] S wAdE st Al Bow Q1A HY]
o ol2glth. 53] wAo] R AEeA AAE VIS Hx ARG
] SSU rRNA®A 2 d4A o),

Strain JE—349] 16S rRNA PCRTFHS &3l ¥ 1470bpE National Center

|

Biotechnology Information(NCBI)2] Basic Local Alignment Search Tool (BLAST)
S o] &3] S A} Zooshikella ganghwensis JC2045, Zooshikella
ganghwensis JC2044, Uncultured marine bacterium partial 16S rRNA gene,
isolate LQ—2001¢F 22} 99%2] eSS HP oW o]5S alignment o AXE
Fig. 6= Yelith deido]l =09 w59 L7127 digdl=e Zst=
A} FF520 Dayawan RollA E2l¥ o] Zooshikella®:o] 74 F5 =Y F
A5 H 3 Fol EAlske dFoldt AZE . Databaseio] e dFE3=
o 92%° Fsde Yxe Aer AWl 2t Marinobacter lutaoensis (92%),
Marinobacter ~ hydrocarbonoclasticus ~ isolate ~ MARCAF  (91%),  Marinobacter
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Zooshikella=ol E3te]= 7} 15 2straintto] Buko] 3AgFEA AG7HA]
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JE-3¢4¢ 0 CTGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGGGC

AJ315452 AGACTTTGATCCTGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGGGC
AY 130995 TTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGGGC
AY 130994 ATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGGGC
JE-34 GGTAACAGGAGAGCTTGCTCTTGCTGACGAGCGGCGGACGGGTGAGTAATGCATAGGAAT
AJ315452 GGTAACAGGAGAGCTTGCTCTTGCTGACGAGCGGCGGACGGGTGAGTAATGCATAGGAAT
AY 130995 GGTAACAGGAGAGCTTGCTCTTGCTGACGAGCGGCGGACGGGTGAGTAAYGCATAGGAAT
AY 130994 GGTAACAGAAGAGCTTGCTCTTGCTGACGAGCGGCGGACGGGTGAGTAATGCATAGGAAT
JE-34 CTGCCCATGGGTGGGGGATAGCCCGGAGAAATCCGGATTAATACCGCATATGCCCTGAGG
AJ315452 CTGCCCATGGGTGGGGGATAGCCCGGAGAAATCCGGATTAATACCGCATATGCCCTGAGG
AY 130995 CTGCCCATGGGTGGGGGATAGCCCGGAGAAATTCGGATTAATACCGCATATGCCCTGAGG
AY 130994 CTGCCCGTGGGTGGGGGATAGCCCGGAGAAATCCGGATTAATACCGCATATGCCCTGAGG
JE-34 GGTAAAGCAGGGGATCTTAGGACCTTGCGCCGATGGATGAGCCTATGTCGGATTAGCTAG
AJ315452 GGTAAAGCAGGGGATCTTAGGACCTTGCGCCGATGGATGAGCCTATGTCGGATTAGCTAG
AY 130995 GGTAAAGCAGGGGATCTTAGGACCTTGCGCCGATGGATGAGCCTATGTCGGATTAGCTAG
AY 130994 GGTAAAGCAGGGGATCTTAGGACCTTGCGCCGATGGATGAGCCTATGTCGGATTAGCTAG
JE-34 TTGGTAGGGTAAAGGCCTACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGATGATCAGC
AJ315452 TTGGTAGGGTAAAGGCCTACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGATGATCAGC
AY 130995 TTGGTAGGGTAAAGGCCTACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGATGATCAGC
AY 130994 TTGGTAGGGTAAAGGCCTACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGATGATCAGC
JE-34 CACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGA
AJ315452 CACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGT GGGGAATATTGGA
AY 130995 CACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGA
AY 130994 CACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGA
JE-34 CAATGGGGGCAACCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCTTTCGGGTTGTAA
AJ315452 CAATGGGGGCAACCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCTTTCGGGTTGTAA
AY 130995 CAATGGGGGCAACCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCTTTCGGGTTGTAA
AY 130994 CAATGGGGGCAACCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCTTTCGGGTTGTAA
JE-34 AGCACTTTCAGCAGGGAGGAAAGGTTGCGGGCTAATACCTCGTAGCTGTGACGTTACCTG
AJ315452 AGCACTTTCAGCAGGGAGGAAAGGTTGCGGGTTAATACCTCGTAGCTGTGACGTTACCTG
AY 130995 AGCACTTTCAGCAGGGAGGAAAGGT TGCGGGTTAATACCTCGTAGCTGTGACGTTACCTG
AY 130994 AGCACTTTCAGCAGGGAGGAAAGGTTGCGGGTTAATACCTCGTAGCTGTGACGTTACCTG
JE-34 CAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGT
AJ315452 CAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGT
AY 130995 CAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGT
AY 130994 CAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGT
JE-34 TAATCGGAATTACTGGGCGTAAAGCGTGCGTAGGCGGTTTACTAAGCTGGATGTGAAATC
AJ315452 TAATCGGAATTACTGGGCGTAAAGCGTGCGTAGGCGGTTTACTAAGCTGGATGTGAAATC
AY 130995 TAATCGGAATTACTGGGCGTAAAGCGTGCGTAGGCGGTTTACTAAGCTGGATGTGAAATC
AY 130994 TAATCGGAATTACTGGGCGTAAAGCGTGCGTAGGCGGTTTACTAAGCTGGATGTGAAATC
JE-34 CCCGGGCTTAACCTGGGAACTGCATTCATAACTGGTAGGCTAGAGTATGGCAGAGGCGAG
AJ315452 CCCGGGCTTAACCTGGGAACTGCATTCATAACTGGTAGGCTAGAGTATGGCAGAGGCGAG
AY 130995 CCCGGGCTTAACCTGGGAGCTGCATTCATAACTGGTAGGCTAGAGTATGGCAGAGGCGAG
AY 130994 CCCGGGCTTAACCTGGGAACTGCATTCATAACTGGTAGGCTAGAGTATGGCAGAGGCGAG
JE-34 TGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGG
AJ315452 TGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGG
AY 130995 TGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGG
AY 130994 TGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGG

KA AR A A A A A A A A A A A A A A A A A A A A A A A A AAAAAAAA A A A A A A A A A A A Ak hkhkhkhhkhkhkkk*k

Fig. 6. Alignment of 16S rRNA sequence of the isolated Strain JE—34.
AJ315452 :  Uncultured marine bacterium, AY130995 : Zooshikella ganghwensis JC2045,
AY130994 :  Zooshikella ganghwensis JC2044
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Fig. 6. Continued

GCGACTCGCTGGGTCAATACTGACGCTGAGGTACGAAAGCGTGGGTAGCAAACAGGATTAG
CGACTCGCTGGGTCAATACTGACGCTGAGGTACGAAAGCGTGGGTAGCAAACAGGATTAG
CGACTCGCTGGGTCAATACTGACGCTGAGGTACGAAAGCGTGGGTAGCAAACAGGATTAG
CGACTCGCTGGGTCAATACTGACGCTGAGGTACGAAAGCGTGGGTAGCAAACAGGATTAG

KAKKAKAKAKAKRAKAKAKRAAA AR AAhkhkhkhkhkhkhkhkhkkhkhkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkhkkhkkhkhkhkhkhkhk

ATACCCTGGTAGTCCACGCCGTAAACGATGAGAACTAGCCGTTGGGATCCATGTAGGTCT
ATACCCTGGTAGTCCACGCCGTAAACGATGAGAACTAGCCGTTGGGATCCATGTAGGTCT
ATACCCTGGTAGTCCACGCCGTAAACGATGAGAACTAGCCGTTGGGATCCATGTAGGTCT
ATACCCTGGTAGTCCACGCCGTAAACGATGAGAACTAGCCGTTGGGATCCATGTAGGTCT

KAKKAKAKAKAKAKAKAKAKAKAAKAAAAAAhkhkhkhkhkhkkhkhkhkkhkkhkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkhkkhkkhkhkhkhkhkhk

TGGTGGCGCAGCTAACGCACTAAGTTCTCCGCCTGGGGAGTACGGCCGCAAGGTTAAAAC
TGGTGGCGCAGCTAACGCACTAAGTTCTCCGCCTGGGGAGTACGGNCGCAAGNTTAAAAC
TGGTGGCGCAGCTAACGCACTAAGTTCTCCGCCTGGGGAGTACGGCCGCAAGGTTAAAAC
TGGTGGCGCAGCTAACGCACTAAGTTCTCCGCCTGGGGAGTACGGCCGCAAGGTTAAAAC

KA K KA KA KA KA KA A KAKAKAKAKAKAKAKAKAKAAKAAA AR AR A A A A A Ak hkhkkhkhkhkhkh ,khkkhkhkhk *,khkkhkhkk*k

TCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAAC
TCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAA—CAAC
TCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAAC
TCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAAC

KA A KA AR AR AR A A KA KA KA A A KA AR KAAAKAAAAAA A AR A A AR A A A A Ak hhhkhkhkkhkkhkkhkhkkhkk *kk%k

GCGAAGAACCTTACCTGGCCTTGACATCCTGCGAACACTTTAGAGATAGAGTGGTGCCTT
GCGAAAACCCTTACCTGGCCTTGGCATCCTGCGAACACTTTAGAGATAGAGTGGTGCCTT
GCGAAGAACCTTACCTGGCCTTGACATCCTGCGAACACTTTAGAGATAGAGTGGTGCCTT
GCGAAGAACCTTACCTGGCCTTGACATCCTGCGAACACTTTAGAGATAGAGTGGTGCCTT

KAhkkhkkhkkhk Kh KAAKKAKAKAKAKAKAKAKAKAKAAK, AAKAKAAAAKAKAAKAAAAAAAAAAAAhAAkhkhkhkhAkkhkkhkhkkhkkhkhkkx*k

CGGGAGCGCAGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGT
CGGGAGCGCAGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGT
CGGGAGCGCAGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGT
CGGGAGCGCAGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGT

KA KRR A AR A A AR A A A A A A A A AR A A A A A A AAAA A AR A A A AR A A A A A A Ak hkhkhkhkhkkkkkkkx*k

TAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGT TACCAGCATGTAATGGTGGGGACTC
TAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGT TACCAGCATGTAATGGTGGGGACTC
TAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACCAGCATGTAATGGTGGGGACTC
TAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACCAGCATGTAATGGTGGGGACTC

KA AR A A A A A AR A A A A A AR A AR A A A A A A A AR AAAA AR AR AR A A AR A A A A Ak Ak hkhkkkkkk*k

TAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGGCC
TAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGGCC
TAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGGCC
TAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGGCC

KA A AR R AR A A A A A A A A A A A A AR A A A A A A A A A A A A A AR A A A A A A A A A A A A Ak hhkkkkkk*k

GTTACGGCCAGGGCTACACACGTGCTACAATGGGGCGAACAGAGGGT TGCCAAGCTGCGA
CTTACGGCCAGGGCTACACACGTGCTACAATGGGGCGAACAGGGGGT TGCCAAGCTGCGA
CTTACGGCCAGGGCTACACACGTGCTACAATGGGGCGAACAGAGGGT TGCCAAGCTGCGA
CTTACGGCCAGGGCTACACACGTGCTACAATGGGGCGAACAGAGGGT TGCCAAGCTGCGA

KA KK KA KA KA A KA KA KA KA A A AAAKAKAAKAKAAAAAA A A A AR A A A A A A Ak, hhhkhkhkhkhkhkkhkkhkhkkkkhkk*k

AGTGGAGCTAATCTCTTAAAACGTCTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCA
AGTGGAGCTAATCTCTTAAAACGTCTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCA
AGTGGAGCTAATCTCTTAAAACGTCTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCA
AGTGGAGCTAATCTCTTAAAACGTCTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCA

KA AR AR A A AR A A A A A A A AR A A A A A A A AAAAAA A A AR A A A A A A A A A A A Ak kA Ak hkkhkkhkk*k

TGAAGTCGGAATCGCTAGTAATCGCGAATCAGAATGTCGCGGTGAATACGTTCCCGGGCC
TGAAGTCGGAATCGCTAGTAATCGCGAATCAGAATGTCGCGGTGAATACGTTCCCGGGCC
TGAAGTCGGAATCGCTAGTAATCGCGAATCAGAATGTCGCGGTGAATACGTTCCCGGGCC
TGAAGTCGGAATCGCTAGTAATCGCGAATCAGAATGTCGCGGTGAATACGTTCCCGGGCC

KA AR A A A A A A A A A A A A A A KA A A A A A A AR AAAAAAA AR A A AR A A A A A A A Ak kA hhkhhkhkkkkk*k

TTGTACACACCGCCCGTCACACCATGGGAGTGGGT TGCACCAGAAGTAGCTAGTCTAACC
TTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCACCAGAAGTAGCTAGTCTAACC
TTGTACACACCGCCCGTCACACCATGGGAGTGGGT TGCACCAGAAGTAGCTAGTCTAACC
TTGTACACACCGCCCGTCACACCATGGGAGTGGGT TGCACCAGAAGTAGCTAGTCTAACC

KA AR AR A A A A A A A A A A A A A A A A A A A A A A A AAAAA AR A A A A A A A A A A A A A Ak hkhhkhkhhkk*k

TTCGGGAGGACGGTTACCACGGTGTGATTCATGACTGGGGTGAAGTCGTA—————————
TTCGGGAGGACGGTTACCACG—TGTGATTCATGACTGGGGTGAAGTCGTAACAAGGTAGC
TTCGGGAGGACGGTTACCACGGTGTGATT
TTCGGGAGGACGGTTACCACG

KAhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkxk
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7. Neighbour—joining tree based on nealy complete 16S rDNA sequences, showing relationships
between strain JE—34 and member of the vy—Proteobacteria. Numbers at the nodes are
levels of bootstrap support (%), based on neighbour—joining analyses of 1,000 resampled
datasets. Serratia marcescens (EF102863) was used as an outgroup. Bar, 0.1 nucleotide
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JE-34%= ag9Ae X aE8A]olloem Nitrate reduction, Citrate,
D—Glucose, D—Mannitol, D—Mannose, D—Sorbitol, Inositol, L—Ornithine, Malate,
Maltose, N—Acetylglucosamine, SucroseZ ©]& 7}s3 EA4S YeItH(Table.
2). B3+ Alkaline phosphate, Leucine arylamidase, Acid phosphate, N—acetyl—3
—glucosamidase®] 75 FA o= YERE O™ Esterase (C 4), Esterase Lipase (C
8), Valine arylamidase, Naphtol—AS—BI—phosphohydrolase®] 73-§- 2F3l @A %A
S HTH(Table. 3). JE—349} Zooshikella ganghwensis KCTC 12044, 120459]
Aty A4S vk A3y FARE Fgol BARE Arginine  dihydrolase,
ornithine decarboxylase, glucose fermentation, gelatin hydrolysis, cystine
arylamidase a—glucosidase®} citrate, D—mannitol, D—mannose, D—sobitol,
L—arginine, sucrose °©]8-52 *lo|& HAT}

AE AL 24e] Ayt Ak AAAA HES FAH dYEsler e

22

A2 Cigo(palmitic acid), Cisiw7c(palmitoleic acid), Cigiw7cE°] FLAW
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Table. 2. Major characteristics that differentiate strain JE—34 from
Zooshikella ganghwensis KCTC 12044, 12045 (Yi, 2003).

Characteristic Strain JE—34 KCTC 12044, 12045
Pigmentation Red Yellowish—red or red
Relation to oxygen Aerobe Aerobe
Temperature range for growth (C) 15—-40 15-45

pH range for growth 6—10 5-8

Na® requirement 0.5—8% 1-7%
Arginine dihydrolase — +
Ornithine decarboxylase - +

Nitrate reduction + +

Acid production from glucose - +

Urease S -

Gelatin hydrolysis — +

Utilization of:
Citrate
D—Glucose
D—Mannitol

D—Mannose

+ o+ o+ o+ o+
|

D—Sorbitol
D—Xylose = -
Inositol + -
L—Arginine -
L—Ornithine
Malate

Maltose

+ o+ o+ o+ o+

N—Acetylglucosamine

+ o+ o+ o+ o+

Sucrose
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Table. 3. Physiological and biochemical features of strain JE—34 and KCTC 12044, 12045

+: positive, —: negative, w: weak positive
Characteristic Strain JE—34 KCTC 12044 KCTC 12045
Alkaline phosphate + + +
Esterase (C 4) W + +
Esterase Lipase (C 8) W + +
Lipase (C 14) - - +
Leucine arylamidase + + +
Valine arylamidase W + +
Cystine arylamidase - W W

Trypsin = - -
a—chymotrypsin = - -
Acid phosphate iy r +
Naphtol—AS—BI—phosphohydrolase W W W
a—galactosidase = = -
3—galactosidase - = -
B—glucuronidase = = —
a—glucosidase — 5 W
B—glucosidase — - -
N—acetyl—[B—glucosamidase + — +
a—mannosidase — = -

a—fucosidase = = -

Table. 4. Cellular fatty acid composition (%) of strain JE—34 and KCTC 12044, 12045.

Values are percentages of total fatty acids. Tr, <0.5%

Fatty acid Strain JE—34 KCTC 12044 KCTC 12045
Cio0 3.37 2.6 3.1
Ci0:0 3—OH 4.11 2.1 3.2
Ciz:0 1.07 Tr 1.7
Ciz1 3—OH 0.75 Tr 0.8
Ciz:0 3—OH 6.03 5.1 5.5
Cia:0 4.97 6.0 5.4
Cis:0 25.78 31.9 29.5
Cigw7c 36.48 37.1 36.1
Cigaw7c 15.55 14.5 13.2
Cis:0 0.60 0.7 0.5
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o] Aol EHEAS dolH gkt UV—Vis spectrophotometerE Al-g3ste] =
Ak ZH7kel EF4° spectrat 7HAEA G ol A A @Y peakE UERWIOH,
Zooshikella sp. JE—349 HHNEFIE hmax) S 528nmol A Serratia marcscens
o] AF+ 526nmo = YERom Z4zhol MAe vfg- AR spectrums YEF
el FArh 23354 545 E3t(Fig. 8).
Serratia marcscens’t AAtek= A= 7]EAT(Song, 2005)° o]
prodigiosinAlg ¢ M Aieta ¢HA e old HPLCE &3 2% peakE &
28le] JE-342] A A7} prodigiosinZA| 22l =2 Y-S Eelste] H k)
1 A3} Fig. 99 A9 S Serratia marcscens’} AAtet= AMA AR A @Y
peakE YEl o™ o] 39.873minolA AE=H AT peak? spectrum® HUE
I (Mnay) ©] 536.0nmE A= o] prodigiosin®] 7]F= AT (Allen, 1967)°]A
BAE nax®l 535-540nml 23} FAE A¥E B prodigiosinAl €] M4
Ztal Abs ¥t Fig 99 Bi= Zooshikella sp. JE—340lA4 FZ&3 Mo #2472
Fol o]= 3709 peakE YEMAIL 37.713, 38.449, 39.544minolA HEYH
At ZF peak? spectrum® Amas 536.0, 537.2, 536.0nm= FAFSHAl YERS:
o peak C9 A Serratia marcscens?t A= A M AEAI A
o] Y&}, oy BA AT Zooshikella ap. JE—347F A= T HAM
A+ prodigiosin AlEe] E4Y Aolgta AlRETE AW 2 AFnioz =

A
shalel Btz 9 Bxpgke] o] B7l% slEE 2} 3 NMR, LC—ms/ms=

?—_._]’
TS Mo AS B AHolar 4 Jhedt grow v 98 CIE £4
] O A3 JE-347F AAteE MAae X 33.74 Y: 19.68 Z:
18.63%2 =490 o Fig. 100] vtebsich
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30 — Zooshikella sp. JE-34 — - . Semratia marcscens
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Fig. 8. The absorption spectra of prodigiosin—like pigments

1solated from Zooshikella sp. JE—34 and Serratia marcscens.
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g EAEFTs o] "ol A AR T a& FFHA ]l E442I prodigiosin g
Aol A== Aolg} AtsHT R S marcscens® prodigiosin®] A@EAH el HZ
pH+ 8.0~8.50]aL o]# 3t pHe &3+ prodigiosin A0l Holsl= TEH &
7 B#Ho] ot A (Lim, 1977; Solie, 1994)¢} thxzo= HZA pH 6082 3z
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Fig. 12. Effect of pH on the producing prodigiosin pigment by Zooshikella sp. JE—34.
Prodigiosin production :—ll—, 24hr; —A—, 48hr; —@—, 72hr; Cell growth: [, 24hr; 4, 48hr; B, 72hr
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Aty o7 o= ¢F 3.0% (w/v)2] NaCle] sh¥o] Qo= =2 NaClol| u}
2 dA8E E olAUAREES] AR WA= dFS FAMSATH(fig. 13).
NaCl #%E 0.0~9.0(wv)7HA =
prodigiosin® B EdHFS SAHT A3, 0.5%~6.0%7HA 9] sE=RFANA 44 =
= olAe] A% 2 prodigiosin® A EE YEFWH O AL A9 2900 A
7V w2 AFEE UERAATE prodigiosin®] A ZFE A Al 718t
of S7tete FolE BHAoH 2% AT 94 7HE =2 AFAEFS B
JE=34% NaCl 0.0%°l 4 A7 % prodigiosine A4 oA &= Aoz &
o] ol s Ffrel wAEZA AEute] kg a4 FAHFE 8 Na'e
2 o] EA7F 4420 Ao R Hol A A4+ (obligate halophile) &2 A}
¥
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Fig. 13. Effect of NaCl concentration on the producing prodigiosin pigment by
Zooshikella sp. JE—34.
Prodigiosin production :—ll—, 24hr; —A—, 48hr; —@—, 72hr; Cell growth: [, 24hr; 4, 48hr; B8, 72hr
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(o,

JE-34¢] 47 2 prodigiosin®] A4kl mA= wade] Je 2AEI] 9

MB (marine broth, Difco. USA.)E 7|¥Eu|x]2 3} chitosan, fructose,

—

glucose, lactose, mannitol, sorbitol, soluble starch, sucrose, xyloseZ Z+Z}
1.0%% #7tsted #4434 2 prodigiosin A4S 543 TH(Table. 5). A
o] AL fructosed AlQlstal EF tiRFHU Aol H3H

DAL TFFFS soluble starche] H7Foll A 7bd Aol 239 Aow iz
T Bt 9k 156% AES ZXAAU. prodigiosin®] ABEAIHES  chitosan,
fructose, mannitol, sorbitol, soluble starch, sucrose® F7}F-olA Aol
S7tEI e dAle]l 43 w7 A 2 soluble starcholl A 7HE A S X

AlZloem 72AE wjkAlell of 229% A= ST & Xylosed 7

9] AS-+= AddT7F A 2L prodigiosing A A o] o] FojA|A] &= AHo] 3
olEd o™ xylose’} JE—342] AAS oAsttbar Alg ¥ ti(data not shown).

A glucosed] B¢ AAAH} dAGELS ol HE 7 HUAARE
prodigiosin®] A F-S vu]|AYul A E AT, o= S. marcscens® 74
glucose®] 2J3l prodigiosin® AAHES @A AAYE= AT (Clement,
1976)¢F FAMSE A3= Bt o]l A¥tA = glucosedt #o] HAl ©]& 7}
e 7122 I AATE oA ARFEY ARA BE s4aEs AT ErE oby
o Tgo e ko] 7Aool EAe ] pyruvic acid 2 a—ketoglutaric acid
o FAHow ol5d oF A Afad= AT = e A FHo
Aot AZtEth(Aoyagi, 1990; Tanaka, 1992). A< wigdozm AAH
soluble starchS 0.0~5%(w/v)7HA] sE=E 2 F7iste] A 2 AT S
SA8IAth(fig. 14. A). 7L A¥} 7 A7 prodigiosin FEFS 2.5% H7}
TollA 7HE mkom o] o] e wrolM = dAS 4% F prodigiosin A #/3
Fol fraste FAE BT ol flolA AFd H=E ]l oF As =

e} AVEE YW Zooshikella ap. JE—342] g oA AASE=E R o] 2 AL
Q
[e)
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Aade HAEY taksAel AAA FFS vA= AEewE dHA A

malt extract, peptone, yeast extract® 7] HAYI NHNO; NaNO3,

(NH)-HPO4, KNOs (NH4)SO49] 7] Za9s H7bsto] d@sk3ith(Table. 5).
_]

I A3 BE AAY "7l A Controlel ®]Ete] F#AAA 2 prodigiosin®

Aol SrHEs #EE = Qddda /1A AYY 4§ malt extract, 7]

_(ID__
Aol 49 (NH.)HPOsO AEFeA 7V S7tEe 235 AL o= 7
Zy °F 193%, 177%%°] prodigiosin {4 FS] F7MAFHT. o]= v Eo] g4

g olgste] A7 429 JAR o gdte] FNAL B ofnwmAEg

prodigiosin® AP oAy opmAtowRE  FAHET  HiEo](Lim,
1977) AA99 H7M7F F93 dS shrta AlEEt. o] prodigiosin g
A F7HEo] =& malt extractE A AAaYog HdYste] s=H=E 7}
sto] A3stith(Fig. 14. B). A3d43% A& %= 3 prodigiosin A& H A
FTET 1.5%%2 UEISSH prodigiosin®] AFAAZFS 28] o] F7HA7IE AL
2 Yeigt B3 v 15Ed A
S} AZbo] AHpghe] wet A 2 A Fo] 54 SIS Bt o]

= malt extract’} 1582 EdolE =2 o]E o]&sl:= A o] 27)dE 1

o
i
o
P
oY
=
rir
X,
X
g
>
o
2,
ot
o
N
>
B>
ol
o
A

T2 9QI3l catabolite repressor@ 2Fg3tX|nt 7] do] EalEd o2 A3k ofm| Al
o i Ul s%= 7ol el AP 5A% S UERE Aol AR
At
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4) F71979 #H7F a3

o] AAEHE ol AR Ak o] FEUe Fad 9ue W@}
o A Qom 58 g ARe] A5 5 FAGF FHE 54 9

olo] ulg} 7]Eujx|o] F7]¥9HF BaCl,, CaCl;, KCl, MgCl; Na;HPO,= 0.1%
(w/iv)sE==2 #H7tsle] #A A4 2 prodigiosin Aol X += JTFS Lolr
¢kl (Table. 5). oH] 28L& =3 CuSO., FeCly, HgCly, NiCly, ZnClool A= 72

Al ZEESE Wi At Aol o] Fol A ol TuEaAl Hrbe A4 X

=

Aol Asjacler g o=z Atg® i (Data not shown). °ol& Ta%9
4% —SH 28715 71zl a3 Agstd did S vjgdAdst A7le A% 4
7 Adet Az Ad 4% BaCly, NagHPOLol A9~ tiztol Hls| A9

4% & prodigiosin AFAH ol Soige] #HAHASM, MgCLe AF+ w9
A2 dlEzTek AR oW prodigiosin® AEL THlHEE S B
Mg™7F B34 B7go] d&& w At A7t o] Foll NaHPO,2 A5 7173
2 AFE 2 AFAZY F7HE HE

ol wa} NaHPOsE 0.0~3.0% (w/v)Z z}7} H7tste] sl 23kl oh(Fig.
14. C©). L 23 1.0% H7HA 7P A3 e 2 B850l =4 Jexon
&7 o5 Fobddd wet AsiHe S BAY. S marcscensd WS4 Al
oA F7]dAke 0.3mMo|Well A prodigiosin BAS FAS ZF7FA 7)1 AwH
10~250mMe] &% HeoAE FAAA7IE AEFES Yeldus B3 (Witney,
1977)9} t2A delst) AT o] o 5olAdo] V] ujEe] FE3 7ME3t
o AZtE ] dAHEEE VFEow GARAE §AFSHAl YERY prodigiosing] A

P e 7191k st waol Qrka AR,

mlm

ol
o
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Table. 5. Effect of carbon, nitrogen, and mineral sources on the growth and

producing prodigiosin pigment.

Cell growth (ODssonm) Prodigiosin (¢g/mg protein)

Source component
24hrs  48hrs  72hrs 24hrs 48hrs 72hrs
Carbon Control 1.081 1.656 1.712 285 387 531
1% W) Brycrose 0.088 0.681 1.559 31 220  45.0
Glucose 0.802 1.815 2.080 16.9  40.1 488
Lactose 0.933 1.771 1.800 32.8 763 687
Mannitol 0.960 1.723 1.755 33.8 464  56.1
Sorbitol 1.084 1.787 1.829 46.9 854 595
Starch 1.457 2.608 2.675 91.8  91.1 1215
Sucrose 1.293 2.031 2.054 39.7 734 52.9
Chitosan 1.085 1.619 1.664 221 450  37.8
Nitrogen Control 1.081 1.656 1.712 285 387 531
(5% W) it extract  1.017 2.208 2.447 202 92.8  102.5
peptone 1.350 1.800 2.003 348 545  61.0
yeast extract 1.185 1.382 2.145 2yl 52.7 85.2
NH,NOs 0.938 1.618 1.773 38.6  50.3  43.2
NaNO3 1.078 1.716 1.708 427 582  63.3
(NH4)2HPO, 2.217 2564 3.345 66.7 849  94.3
KNOs 1.128 1.688 1.696 61.6  55.6  38.3
(NH4)SO4 1.011 1.706 1.799 66.1 649  67.6
Mineral Control 1.081 1.656 1.712 28.5 387  53.1
igji;;/v) BaCl, 1.450 1.959 1.975 344 547  70.3
CaCls 1.133  1.696 1.676 38.4  40.2  54.7
KCl 1.078 1.749 1.758 38.0  38.3  65.2
MgClL 1.061 1.747 1.745 62.9 707  90.2
NazHPO4 1.094 1.960 1.996 66.4  63.1  90.2
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gl S7HA 71 At sklnt. shA Nk Sko] AFell ojAste] A S wiA e -
A7 g9, Ay, F7)19 57 interactions E3] 9 AFS Al o] w
&} Zhzro]l Wi A ES wlws] B oh(Fig. 15). wAl9 A#ES starch H7b
oA 7FF =& S HY o} malt extract, NasHPO,o] 795 A o] A
3] A=Al AAS HYtH(Fig. 15. A). prodigiosin® g4

extract®] F7F7F 1204170 =2 S B o, 9o Adaeda b=
g e BATH NapHPO,o A7 A9 7|28 xHt; 48A7F o] $-5E
9A 7R = A Eo] A el e 120411t 72 A T-ek AR
A FS Bl

S QoA A dE oY AelEdo] delxl Prodigiosin®] hEAQ1 A4k
A2 de] dHF Serratia marcscensE ©)E3stA MAIA O R Aol 94
g wdFoiEe] Aavh @s] ol Fo] Anh ol HgdA B AIFdAMe

Serratia marcscens®t Zooshikella sp. JE—342] prodigiosin®] A S vl

Starch, malt

rUO

¢

=2

i

)

el Bkth(Fig. 15. B). Serratia marcscens®] 7-$- prodigiosin®] g &
3] =A% The caseinen riched medium (casein 20g, K2HPO4 1.7g, MgSO4
1g.7H20, NaCl 1 g +1L D.W)ell 30C<] sdxAA wjgFalalch. widat 2
¥} Zooshikella sp. JE—349] 7] uj =] o] HjAg A =Foll vlafl ok 2084 Apol&
Holuw Starch H7MIAIS A¢= °F 308¢ Afo]E& HT oo w
Zooshikella sp. JE—34% prodigiosin &4 9] bioreactor®2412] wj-g- &A%<l
o7}t drhar Azt

T3 2 Aol A A EkA] X3 ofn| =t A4 o] prodigiosin®] Al mA|
T 9GS AFE ZeAdol Jdvta AkEHT. o= Serratia marcscens®]
prodigiosin A& <Etd, 3|2 Y, TEHUF2 oln|=Ato] ASAl S F-k3
o= A9 vk 7] wiiEol ok (Wasserman, 1973).
A= ofxFthARE A H Y AREXS g HAFuM G g

s}

A = ol f4A 2AD & fl= wokoltth. olo weEt ¥ #F

-

wS
AgE 4 = FR iP5 dF A% Qi 9Tk aFH
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Fig. 15. Prodigiosin pigment from Zooshikella sp. JE—34 during the shaking
culture under optimal growth condition.
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extract 1.5%, —A—NB+Na2HPO4, —O— Serratia marcscens (The caseinen riched medium)
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2—3. Zooshikella sp. JE—34 |

1) pHe]

7o) 530nmo.=

<
T

ol
=]
9] spectrum®] W3}

Zooshikella sp. JE—342] AAgole pH 7.09] AlejolA ZHof

Uehtom pH 3.0~10.09]

=
=

of W

A
A

w1l
=~

yeb1c} (Fig. 16, 17).

=]
T

T=3}o] 470nm
Aol A Serratia  sp.

| et AoE

S|

3} o™ pH 8.0914+ spectrume] W37 54

Song?]

KH—959] prodigiosin®] pH 7.3°4 pH 9.00.%& <I714¢] ZAYSFE 470nm= H

o]

o] prodigiosin

o]z} AZFATtH(Song, 2005).

o

95%°)/g2]

%
Uebser 6d $ol

Eil

A
A

55% %] E

ok
=2

" -
-

re

]

o

H

= 5T

0]
XA

<
T

[oiz
=

Jgto] Aol ob43lol| 7]o]

o, wepA of

Fol o Ay Fig. 19

9]

B

4, 25, 37°CollA] #7ate] H]

o} 1 A3} 4Co| A%
nolom 25T A

o
zé Aé‘__.

g]

o}
KA

S

=

95%0°]

-
R

96%°)%F, 37°ColA

-
R

71918 4~121TC2] HY

yoh A AT 4~50C HSlollA= 95%0139] =

1o
=D N

o}
=

S
=

Z

o] &= A3t 23 Fig. 209

A4

Tk 121CoA g

7}

o] st} Al

1=
[e]

_44_



30 -
—pH3
25
—pH4
y 20 - —pHS
= —
E 15 - pHG6
o pH7
Z10 - ——pH8
—pHS9
05 _ —pH 10
0_0 rrrrrrrrrrrrrrrT 1T T rrT T T T T T T 1T TT T I.-I TrT T rrr oI
650nm 700nm

400nm 450nm 500nm 550nm 600nm
Wawvelength (nm)

Fig. 16. The absorption spectra of red pigment as function of pH from Zooshikella sp. JE—34.

Fig. 17. Prodigiosin—like pigment from marine microorganism under pH conditions.
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Fig. 20. Effect of temperature on the absorbance of Zooshikella sp. JE—34 red pigment.
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3. Zooshikella sp. JE—347} AALslE o|xAMIE o] A A

3-1. oAtk E o] iz A~ S

A= she S5 Sl dUAE IS8k 22y o]eh o] Al Adjdow
Q3 Ao Xk gt EXPYEIR] A s (ground state triplet oxygen)”Z} AW
a7, SuirL sheteks, weled, Fslehiks T 7 =94 sy 2%l Tl
9J5}e] superoxide, hydroxyl, peroxyl radical, alkoxyl, hydroperoxyl radical's®] 2}c|Z+
3} hydrogen peroxide, singlet oxygen, ozones2] W|jt|zt -2 whe-Ado] njg- & 4]
A (active oxygen)® ke Aol APAQ] AhadS dorls FHEASE AL
Utk o]0l AollA FestAl AFEH AETAEAEE] G DNA, 54, A3 3
HAEl vz Al gy Rke-S- ko 24 (McBride, 1991; Orrenius, 1993) <k H|Z
sl HES, WISHS, 043} A5 TRt 9, B o 4EH 3 w3t
g dov)e Aoz Iy Uh(Cross, 1987). Tt o5 ikl gt x| dzils}
& 5ol AAE] ol TF AR o] HY|® gtk oA HrhsiAl A 44k
A5 AAS] fall AAlelA= SODE HIEEl BIEF C, ES9] wol7|zto] Ex)eHA]
Ao A 0] &5 oAl E AT AkaEA oF Alxatrt dojdtt. ofdl wet
AR} sl A A AASHEA bS] 'Ajo] s o] FoX|aL gle
3AtstA o] b e] AHE HHA dAdAsAe] o] 85 QT o= F
2 AFLA A kst A7 s AT Hal Qo wjgEelA Ailske aE
st 24 53] s Y At g ATt vleksit
el 5o PR grEEelA At sl AS Eshs A9F XdE Al glom
Tl A= WA R MEE =] thiazinAl©] gerithiazine, benzamideZ|®] benzastatin
A, B, C D, E, F(Kim, 1996)-52] 177} o] Hla1, sl 7% v &s] 915
o™ pyrrostatin, pyridoxatin, carquinostatin, Neocarazostatin B, £3] antiostatinir
stetEe] 7% vitamin Eoll Wl °F 50ule] ZFetatikst 24de YERAATHMo, C.—J,

1990). of=gh &} dubAQl Aao] - adsleo] wrhal dHA Sl At

e

u)

ol
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1) Zooshikella sp. JE—34 supernatant®] &tz A2 &A

AAdF Zooshikella sp. JE—349] o|xfthAtalEo] daksl &dAdo] glex &
Q1st7] 98l #AE A A supernatante] 43 &S S35
Supernatant= 1, 10, 50, 100%2] TE=H=E 2o o]&3} 2™ DPPH radical

A3 &Ad2 Nanjoo] W (Nanjo, 1996), Alkyl radical A3]&4 S Hiramoto2]
U (Hiramoto, 1993), Hydroxyl radical A3l&A4 2 Rosen? HWH(Rosen,

1984)S ©]83}o] ESR (electron spin resonance spectrometry)< =3 =74

\d

ol
e

m (

S H(Fig. 21). DPPH radical A& 1%, 10%14= 50%°l %A=
e BAAT 50%0A 92.67%E AN, 100%14= 96.02%2] A3 &
A& YelAt Alkyl radical ASEA 2 1%0lA 2 AsZoAE oF 50%° o]
22 A4S BoH 10028379 A5 86.6%°] Asi&d-s e

Hydroxyl radical Aal&4e 50%°1E 39.18%, 100%4E 48.30%% L1E}
Wk o vl kst s vzl ojabgiAHE o] ABAtERAS EAE] 9§
ke @ i Zte]l wE DPPH radical 278449 ¥W3lE dolr ol (Fig.
22). olxe] wiFEA T HFPdA ] FA AR A ARE

9T WigRE 5 30CoAA ARy oz = AADdS B3lom 964 wl
YAl 95%E Adlste] HAAALAYS L
olgidl A= =3 Zooshikella sp. JE—34 vl Fo = ZA Al aksl &

Ae Y= olAtAEEel EAIE Aol AR

o
3
o

2
o,
il
oo
=2
tE
4
rf
)
S
ke
o
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DPPH, alkyl, hydroxyl radical scavenging activities of culture
supernatant of Zooshikella sp. JE—34.
[], Hydroxyl radical scavenging activity; /2 , Alkyl radical scavenging activity;

& , DPPH radical scavenging activity.
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Comparsion of EDA (%) of Zooshikella sp. JE—34 culture supernatant

in other temperature conditions.
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2) A B g F= - &8E9 DPPH radical &7273

ity ow Fist BPL SHoks e o 77 9ot a%e] DPPH

HEe HuA hdetar g ARSEE Welth ol AlsFe] &
2bsl Bdo] Az oz EobAd Alejol DPPHS} AAE Folste] <Hg3lk =
HE T Ae 5YE SHse O R V|Eoe AR SHsgoy & A

3ol -{+= ESR (electron spin resonance spectrometry)E ©]83sle] 48 AUEE

Foon Ao od oxE U 4 b Wweld ¥ 4 A4tk ESR

ol
ol
N

o

I,
o
vy
ot
o
fat)
=2
e
1

ol
ol
=
Hl
=
=2
>,
rlr
:[o
o)
rﬂé

el Ao o) 8% 397t

30CaAA 120A17F viFR Zooshikella sp. JE—345 A9} WA o= o] Z+7; 5
7HA19] &uj271(25C distilled water, 70°C distilled water, Acetone, 70% methanol,
chloroform)®] $%%& DPPH radical 2A84& 4 tHFig. 24, 25).

A3 A3 #A4Y S FEEY BT Img/mloAE Be &l 90%°]/39]
]9 =& DPPH radical 2A8A4S H3o™ Acetone FEE2] 49 0.5mg/mlo) A
°F 95%, 0.1mg/mle] FI=olAM 73%<] B4& Bol 7MY w2 d4S Eivh @ &
Aol F= Al 50| UF Yo} o] 87l o= &3 ol 3l Aol At
E¥tH(Data not shown). 71 ¢]¢] &ujl FZFolA% 0.5mg/mlo A% 50%0°]/d<]
AAGRE BHol Ao vl AAaoss He w4 EAE Aol Ak
TAHe FEES &vH(diethyl ether, chloroform, ethyl acetate, n—butanol,
distilled water) {9 &3 Fitsl S-S e E49 54 2 HSA4ALY 3§
=91#] gld HoFtH(Fig. 24). 1 A3 H]=48v)2l diethyl ether ¥&E4 0.5
mg/ml A= °F 95%°] ¥ FAS UEtHlew SAHEuR das FAo] yof
A= FolE Bt © n—butanol®] 745 0.5 mg/ml 70%°] =%

=

ERiRit). o5 Fdste] & w) wAle] AdielMe visA =4
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5 7H Bdo]l EA1E Flolgt Als
olof HPLCE %3t diethyl ether® 427} prodigiosin® FAFSE peaks #2Heh
T e (Data not shown) ool & 57} AASk= prodigiosin -FAFNA7} &

A1 AAToLES 7T Qrka T35 APsste] A% e TREA 2 AR
al

=
tH(Fig. 25). 28T 5 Acetone F5&°| 7MY #2 €48 YeERATh
HjFRe] FE=o A B2 FHto] wixdEel] AAskaL Jlom Hl=Ad =He A4
- gl &%) olH7] wjiol] HAAbEoisol vl WA yehgtial AlgE
o} wjekele] ol & WAFATS S AW AARYEEL FASHA v
8ol A =2 AA}Eofso] YERSTE )% chloroform #2& lmg/mlollA 84%
o

o] AAEALS B 7 =9kl diethyl etherd H¥EE%E 1mg/ml-s=oA 77%HE

Fig. 23. ESR spectrum obtained in an ethanol solution of 60 pumol/l DPPH
at various concentrations of 25C distilled water extracts from
Zooshikella sp. JE—34.

(A) control; (B) 0.1 mg/ml; (C) 0.5 mg/ml; (D) 1.0 mg/ml.
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O, 0.1mg/ml &, 0.5 mg/ml

Distilled water extract at 70°C, ZCAE: Acetone extract, ZCME: 70% methanol extract,
ZCCE: chloroform extract. ZCfrE: Diethyl ether extract, ZCfrC: Chloroform extract, ZCfrA:

Ethyl acetate extract, ZCfrB: n—butanol extract, ZCfrD: Distilled water extract.

TR

ZB25E ZB70E ZBAE ZBME ZBCE

%
§ 8 R
(96)Aunnoe BuiBuaaess

Fig. 25. DPPH radical scavenging activity of the culture broth extracts and fractions

from Zooshikella sp. CH—34.

7B25E: Distilled water extract at 25C, ZB70E:

0.5 mg/ml i 1.0 mg/ml ;
Distilled water extract at 70°C, ZBAE: Acetone extract

0, 0.1mg/ml 7,

ZBME: 70% methanol extract,

)

7ZBCE: chloroform extract. ZBfrE: Diethyl ether extract, ZBfrC: Chloroform extract, ZBfrA:

ZBfrD: Distilled water extract.

7ZBfrB: n—butanol extract,

Ethyl acetate extract,
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3) A 2wl == . B3 E9] Alkyl radical A2AHEA

Alkyl radical2 hydrocarbon reactionolA] %7] ¥r-g WA EZ Wo] FAFT},
ol EXsHAMAo] AbAo] m=FEHW AFILSIE dojy] o]= free radical
of o] EXx3tAg4te] methylene(—CHy—) 7] 2HE FAUA2HH) 7 &3
wet 7§ A (initiation) @, ©o]& &3] YO7]+= radical== -OH, RO+, ROO-,
HOzFo] i 0:—3 Hy0.v= 1 AR 18 s8o] v, sahgF ol o3|
2370 alkyl radical (R-)> AT S &3l dieneFE]Z vlH 3L o] F o] TRA|
Ak 9F AgHalo] peroxy radical® dA 3l Peroxy radicale ThA] thE E ¥ 3}

e
T At Peroxy radical> H=3 AR TS F o] FEe HAEEE A
gt XA 3bstES 2 A2 AEs] AU dolaHe] EA stelA =
ZXEg. AdRs =] EafitES st B F79 carbonyl 3h
=5 I AT = Y FESAPLAS E3ekal vk wEkA A
Aiirstz Qlaf A A&EAe] 724 WE7F 5 weldd A4 dojud A

(~

AHAto 2 BE FAE EFrER dF9 At (chain reaction)o] A

i
%
N
~
il

Fald50] waEo] g ole] we B AWFTIL A AWAtste] AR ola}
& 4 & alkyl radical®] 2ARAE Ea) 1 ARBAEAA AsAL

A Ay gA fujE FEES A 25C9 DW.o FEFEo] Alkyl
1, 0.5, 1.0 mg/mlellA] Z+z+ 23.39, 75.36,
84.05% 0.2 YElRtH(Fig. 27). 70C9 =3te] dFF=E9 AR=E Ho}
Alkyl radical 2AEE 7HA & Edo] do dAFE GIFS @ Folga
ALE %™ DPPH radical 2753 A os S48vFE&

2AGEE BHdu dAe &ud EEEe AyE ¥ HEW diethyl ether,

butanol®] +&&E° F%7} 1.0 mg/mlo A Z+ZF 81.54, 71.80%%] 7MY =2 A&



o} e
HjoFole] gmjd FEHEO AY HAubygor #AY FEE vE WG FAS
el o acetoned FEE2 49 1.0 mg/ml o] FEoA 86.13%2 =& A4
= YERATH(Fig. 28). acetone®] A9 MAEZL FEo 9y ol&He= F58&
A 2 AP vk o] solubledt Ay I HAGE O] A

A
o] & Ao AZAY. FEAe] PLE AWF 4 Hol X 7

i
N
,
,

B>

Ix

prodigiosin A &7 FA A 2l alkyl radical 272
g F5HY 2 & AFE G Held Folg. wgdey gujE FIES
E AAS e o1 diethyl ether, ethyl acetateo|A] 713

2
L gAS HYon thE BIEL 1.0 mg/mlolA 2F 50%0]149 FAE Bt

U\AH\(\W\M‘ L

(C) (D)

MWMWWMWWW

M

Fig. 26. ESR spectrum observed during incubation of AAPH with 4—POBN at
various concentrations of 25C distilled water extracts from
Zooshikella sp. JE—34.

(a) control; (b) 0.1 mg/ml; (¢) 0.5 mg/ml; (d) 1.0 mg/ml.
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7, 0.5 mg/ml

J, 0.1mg/ml

extract at 70°C, ZCAE: Acetone extract, ZCME: 70% methanol extract, ZCCE: chloroform extract. ZCfrE:

Ethyl acetate extract, ZCfrB: n—butanol

ZCfrA:

Diethyl ether extract, ZCfrC: Chloroform extract,

extract, ZCfrD: Distilled water extract.

RTINS

-

50% -

45%-

8
7

£ f
8 &

(% A)nIoe BulBuaseog

25%
20%-
1

ZBWC ZBWA ZBWB ZBfD

—

ZB25E ZB70E

Fig. 28. Alkyl radical scavenging activity of the culture broth extracts and

fractions from Zooshikella sp. CH—34.

0.5 mg/ml i 1.0 mg/ml

; ZB25E: Distilled water extract at 25°C, ZB70E: Distilled water

(1, 0.1mg/ml

extract at 70C,

7ZBAE: Acetone extract, ZBME: 70% methanol extract, ZBCE: chloroform extract. ZBIfrE:

7ZBfrB: n—butanol

Ethyl acetate extract,

Diethyl ether extract, ZBfrC: Chloroform extract, ZBfrA:

extract, ZBfrD: Distilled water extract.
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4) oA 2 wjgd F% . 28 E 9 Hydroxyl radical 27424

Hydroxyl radical(-OH)& &A444AF & 714 ¥rgAdo] vl A3 #2 4ts)
£ JHAlEHAL DNA &4 2 =ddWols fridste Ed4= g9 494 9
(Evans, 2001). o= A tiAagels A== Ade] dAksteolv 3ilkst
T2 (H202)7F Fes 't Cup” o]&o] &4 st A Aatse] 714 540 438 free
radicalo] P2 o|E A£AF = ALRE SH3e] H k)
TA & FEE9 hydroxyl radical 2AFAES =As Ay 25T, 70C
9]  distilled water F==°] 7MY 2 A4S H o 25T distilled water
B9 ¢ 1.0, 0.5 mg/mle] Fx=oA 53.88, 53.38% A&als Aoz Uebgtt
(Fig. 29). €< F=9 70T distilled water =52 7% 1.0mg/mle] FXolA
59.08% % et Ao 2 HWol hydroxyl radical®] AAZAlolE do] Jgko] mnjs}
thar AlREC o]9]e] FEEmdlE W2 A S Kol AF7AgE vE E
BT} o] hydroxyl radical A78Ado] HIFAIS] M A& 2l prodigiosin f
old & Qi AlsHTh E& 8vEg FEES SR Holk

UE F=Ed vlal] Aagke] Hglon #Ae MR R driES B &dE

s
i

>
>
o
i)
Lo
001’

T Av Edo] ALcta Azt 7AY &uiE EYES Aee AvHoeE &
3 2AEAS B o chloroform, n—butanol®] &S| &AJo] vlud =9k
o wfjkee] guH FZoe] A9+ chloroforme] 7HE &/do] #=3keH 0.5mg/ml
ANA 40%°)de] ~ASdE YEPETHFig. 30). ol #AY FEE% dxEHe 2
R om wjge] mgate] E4do] EAste] BI=/d-E i<l chloroformel &2 =

R& AR AZEE o] EZo] hydroxyl radical &~AEl TAAQL

o
-
g F5Hch oG] £EE-2 n—butanololA 71 o] =kow 43%9]
<

_56_



Y

(9p)RAn08 BulBuaneag

0
+
Q
3N
S~
+
i
(8]
©
(&)
=
—
L
5
O
©
fia]
L
i
-
(e
o
>
=
>
g}
Q
¥
iy
=
o
=
L
>
<
(&)
w0
®
i
=3
«©
—~
=
i
o
=
o
>
T
o
N
00
fr,

<
op]
[
4
O
o,
0
T
~
o
s
3
S
N
N
o
—
(S
wn
o
&'
=
[}
©
i)
o
=
©

=
2
.Ll.U
2
a
€3]
(e}
~
O
N
oPM
Lo
N
®
+
3]
<
o
B
]
(5]
R
0
<
=
=
2
n.l.U
.2
a
&3]
Lo
N
QO
N
E
)
=i
-
—

72, 0.5 mg/ml

[, 0.1mg/ml

water extract at 70C, ZCAE: Acetone extract,

chloroform

7ZCME: 70% methanol extract, ZCCE:

extract. ZCIrE: Diethyl ether extract, ZCfrC: Chloroform extract, ZCfrA: Ethyl acetate extract,

7ZCfrB: n—butanol extract, ZCfrD: Distilled water extract.
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ZB70E: Distilled

2, 0.5 mg/ml

[, 0.1mg/ml

water extract at 70°C, ZBAE: Acetone extract, ZBME: 70% methanol extract, ZBCE:

chloroform

extract. ZBfrE: Diethyl ether extract, ZBfrC: Chloroform extract, ZBfrA: Ethyl acetate extract,

7ZBfrB: n—butanol extract, ZBfrD: Distilled water extract.
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HJVJ\TJW N

Fig. 31. ESR spectrum obtained in Fenton reaction System at various
concentrations of 25C distilled water extracts from Zooshikella sp. JE—34.
(a) control; (b) 0.1 mg/ml; (¢) 0.5 mg/ml; (d) 1.0 mg/ml.
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5) A 2 vl == . F3 59 Hydrogen peroxide 2724

Hydrogen peroxide™ #AFstA| A o] B S FHXlote o8 dejA o, 2
AR AL FHAsE HES T UMY dQle] Har, e Al xuke] Ak
st do] Frkebd AFEe] Y]To] AdtEo] ATo] FHHM, 1
e & WAL BAlE Yk Prapar ‘s (Prapar, 1984)¢] A A3l o]t
W et ES DNAO L E48 Fo =dRolE dod & 3lal HopriM =
Tdolvt Hef A<le] Hg vk ARl drsxit. = DNAE A4 s4skA
U} o]E FA3d= 2314 el tFE radical?l lipid peroxide radicals< AJA3ttt.
A & FEE9 AgAd 25T D.W.9 FEE0] 7 & &A%
0.5, 1.0 mg/ml o] wXolAx Z+7} 81.34%<2} 98.51%% =& A
AZAE vetdleon 75T dFEFEES A8t 0.5 meg/mo FXkolA
50%0]49] A2AZAHS HUTH Fig. 32). ©]9 A= %3& Hydrogen peroxide
o A #HdsteE TAY trbE B AR ol ofsttta AtsE
t}. B8 &9 749 Diethyl ether® #3&Eo] &40l AY %S 0.1 mg/ml 2

AEEANA 71.57%9 =& FAHS HYPTl o]o| Diethyl etherod] Z3Hd

¢
o

3}

Hj gkl o] FEEufo] WE AADAYES gk AP acetone, chloroformel A =
< A4S BEQA A &Y FEES Axd AALEES UEATH(Fig.
33). acetone, chloroform® FZ&< 217 0.5 mg/mle FZoA AAEAO]
50%°1’d< YEFHSew chloroform® FE&2 A% 1.0 mg/me -siolA
92.47%° F& 245 YeI wig e = AAgdE HSAd &
oA vlad e XS HAY(Fig. 33). Diehtyl ether, Chloroforme] H|=
Aol B38ELS 0.5 mg/mle FEAA AT 50%014S JEFHoH

1.0 mg/m 9] FXoX= 242t 75.33, 79.66%2] v d ¥ TS YERITH

Hydrogen peroxide 2AZAS Al E4L& w49 &

o)
4 hsAol wom e FAH BYL ek
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Fig. 32. Hydrogen peroxide scavenging activity of the bacterial

<
9P
|
a
O
a
9]
<
=
Q
<
=
%]
S
N
g
o
H
|}
o
o
B
[}
a8
H
=]
o
9+
n
+—
Q
38
—
+—
»
)

=
=
m
.z
A
€3]
(e}
~
QO
N
QFM
Lo
N
®
+
Q
I
2
(5]
[
[
©
=
=
2
c..ﬂl....
.2
&)
3]
[le)
N
Q
N
E
&
=
=
—

1

1, 0.1mg/ml A, 0.5 mg/m

water extract at 70C

, ZCAE: Acetone extract, ZCME: 70% methanol extract, ZCCE: chloroform extract.

ZCIrE: Diethyl ether extract

, ZCfrC: Chloroform extract, ZCfrA: Ethyl acetate extract, ZCfrB:

n—butanol extract, ZCfrD: Distilled water extract.

/BFE 7BRC 7BFA BEB ZBRD

ZB25E ZBTOE ZBAE Z7BME ZBCE

100%-

5

:

£ g

(%)Annoe Buib

u

anBIg

Fig. 33. Hydrogen peroxide scavenging activity of the culture broth

extracts and fractions from Zooshikella sp. CH—34.
O, 0.1mgml @, 0.5 mg/ml || 1.0 mg/ml ; ZC25E: Distilled water extract at 25°C, ZC70E: Distilled

water extract at 70C, ZCAE: Acetone extract, ZCME: 70%

chloroform

methanol extract, ZCCE:

extract. ZCfrE: Diethyl ether extract, ZCfrC: Chloroform extract, ZCfrA: Ethyl acetate extract,

7ZCfrB: n—butanol extract, ZCfrD: Distilled water extract.
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3-2. ol AUAALE Y] BFaHEY

el &l 19459 Waksmano] ‘W&ol ofsto] giks= etad=
A, AgEAA e mAEe] A4S dAlEY Fole sEs 7R sEtEd” o
i HxE AodE Wi welA T ouE e 5 Qlth T Foll o AR,
WY = I EAE0] g AeA FHEIE ko] Baise] v e
werste] GASHS Asr7E oA Hh A=, 197213 Zahner— A=A
& sk FAE] Welds wAdEeld s =79l A8 (living organism)
2, PYEA] A8shs o] WHdAE mAARET ofUst VIS, 2% AE,
FEAL, FAZH 1 WS Gosigith Fele] ool FA=ES ot
W, FREALE vPEo|Y tE AE(EF, AR, HANE, TEAE S)M 4
AEE Ao AR 23 e oYk =2 Wb (semisynthetic) EEZA 1

mg/ml o]&te] A FrolAM mAE T AEE AU AFEAI7]= 2Rl &

NS Aolt), FAEAS Al 5N Ao, A2 150—5,000dalton
o] AEAF RIS ER T2 B FA, Ah Ak GAE A FEe] o,

=
Ao webd= S, P, F, ClAE getx Tl Edtel7|e gtk olg2 A%
ol hydroxyl, carbonyl, amine”] & 5742 ¥57](functional group)E A|YiL 3
71 wiEel] AMxzel 54 AES olFe A% HxAEs FoEx A
(antibiogenesis) &3= YERHATE
FAEAL AAASE d3F 10WHE ool AMbE™, 2309 g o] A
TEE olF k. mFolAnt dzk 809 el o] Aol FAHM,
cephalosporin(45%), penicillins(15%), quinolones(11%), tetracyclines(6%), macrolide(5%)
o =] Y HFES AAGH ojHd FA=HAL Y] B o
TARel ofsf A, NEE o W Ao R AHE AER LI AZro] AR
o] ZAFolE Holal Atk sHAIRE AT A4, FAA ] v, &
S AR ®e 5o el os FAAAY
< AEA] A7 daste e FEEE A prodigiosing U A
A= Zooshikella sp. JE—349] o|Z AR 9] S AHEHS Faf 19 &

FEAS FolunA v,

_b

11%71—5\‘ v
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A& #4:2 Zooshikella sp. JE—347} A= o)A tAAE 9] A4S 3

Aste] Witk 1 Ay a9, I, ATl 2A FHL A4S UE
Wwow ZAy= Table. 63 Zt}. Supernatant:= VibrioZ<l 87019 5+ 5 7719
o sk dtHol ST, 1 F Vibrio vulnificuso A A sjgko] A

Vel o™ Vibrio harveyidl oA E da@Adol vehtA &ogth trE s
549l Escherichia coli, Edward tarda®] 74-%- @&=F=o] n|X|A] &t} &t
2ol YetuA &2 759 4 Supernatant®] =7 Wl 7]QlEte A
o7 Holn discol B2 Fs 2RE 4§ Asisto] yEbdES g3kl th(Data
not shown).

JE—349] Supernatanti= ITHYF M 65 diste] gt FddS HloH
53 el A3 dAdS B3Av ol prodigiosino] 77 E@AE HGE B
et dXee= HEo w2 Holt. 53| Propionibacterium acnes, Streptococcus
mutans, Streptococcus iniaed| A= A2 §lo] A|++7HS 3k Supernatant 10ul
AT AS 3] A2 FY AYWNOeZE dAFFY AS TEAE F 9
of FAAEA ] o]87tsdol AT AlEEHY. B #FE2 47 o r
1, A oA T i, o FAE T 2 ¢zl AT doldoln=E
T7EA7E dvkar Ak w289 A9 100n A lA AsEhs
FAast] FFARZAY 7HsHE 7HEE + AATH

2 AYdTE5 A A2 Table 79 Yelylor A8 A=
5% % % ampicillin, neomycin, penicillin, tetracycline, erythromycing AF-& 3}
t}. Streptococcus iniae2l 749 A AFo R EAo] §lE& HEe
o] o] £ #9] supernatant®] -7 53 7ty AA glole FHE=HRE

ol g7Fs A0l qrka AR E

L
2
:qxj:
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Table. 6. Antimicrobial activities of the supernatant of Zooshikella sp. JE—34.

Inhibition zone (mm)

Strain
100ul 50ul 20l 10ul
Vibrio parahaemolyticus 10 10 9 9
Vibrio alginolyticus 9 9 9 9
Vibrio campbellii 14 10 9 9
Vibrio harveyi 0 0 0 0
Gram  Viprio salmonicida 9 0 0 0
negative o o
bacteria Vibrio vulnificus 24 22 16 10
Vibrio furnissii 9 9 9 9
Vibrio anguillarum 10 0 0 0
Escherichia coli 0 0 0 0
Edward tarda 0 0 0 0
Propionibacterium acnes 34 30 25 24
Bacillus subtilis 20 16 10 0
Gram
positive Staphylococcus aureus 24 20 16 12
bacteria Streptococcus mutans 34 28 24 22
Streptococcus iniae 44 3B 27 19
Streptococcus parauberis 24 17 12 9
~ Candida albicans 10 0 0 0
Fungi )
Pityrosporum ovale 12 9 0 0
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Table. 7. Antibiotics resistance of human, fishes disease bacteria

Inhibition zone (mm)

Strain
Am Ery Neo Pe Tet
Vibrio parahaemolyticus 0 28 24 0 42
Vibrio alginolyticus 0 23 21 0 32
Vibrio campbellii 0 18 20 0 33
Vibrio harveyi 0 14 21 0 33
Gram  Vibrio salmonicida 14 18 32 26 43
negative o o
bacteria Vibrio vulnificus 20 36 35 21 47
Vibrio furnissii 0 18 20 0 19
Vibrio anguillarum 0 19 21 0 31
Escherichia coli 0 14 20 0 26
Edward tarda 0 0 19 0 21
Propionibacterium acnes 39 36 28 45 18
Bacillus subtilis 32 34 27 32 26
Gram
positive Staphylococcus aureus 31 32 23 34 34
bacteria Streptococcus mutans 38 36 21 43 22
Streptococcus iniae 39 39 0 29 26
Streptococcus parauberis 38 28 8 38 28
~ Candida albicans 0 0 0 0 0
Fungi )
Pityrosporum ovale 25 29 23 29 31

Am: ampicillin, Ery: erythromycin, Neo: neomycin, Pe: penicillin, Tet: tetracycline
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Fig. 34. Antibacterial activity of the supernatant of Zooshikella sp. JE—34

against various pathogenic Bacteria.
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=

2) A, Yo FE2E B FEE Fa2A

4y
b

Zooshikella sp. JE—347} A= oA AAES S FESFe] 4SS 3
o15}e] Table. 8 o YERNTE discoll loadingdt F&&9] ke 7AFo] 1mge] H

= epglon O Ay S dddds Bt 8E FEEe] ATs 4 B

l-ﬂ

e

=420 58 &uiEd A¥SE A5 FadAel whg 4

acetone, methanol, chloroform®] &wjo|xE thFie] FolA aeAdS HT)
53] methanol, chloroform®| -9 78 84S BHom FAA ] vl F2
&g Hole= A3} v A& H UL

ol JE—-347} A8t BIS/AS ®= prodigiosin AR Ao 2§ Zloje} A7ty
= prodigiosin Al9e] E4o] WMo dt ~HEYS Zhethes Bae) gt

E Ayg Helt) E3] As)go] 40~60mm=E BEEAY & Vibrio campbellii,

U
-~

[e:

Vibrio  salmonicida, Vibrio vulnificus, Escherichia coli, Bacillus subtilis,
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Table. 8. Inhibitory effect of strain JE—34 cell extracts(1lmg) against the

growth of various pathogenic bacteria.

Inhibition zone (mm)

S train
7C25E ZC70E ZCAE ZCME ZCCE

Vibrio parahaemolyticus 9 0 21 48 53

Vibrio alginolyticus 9 9 14 26 24
Vibrio campbelli 0 0 12 42 48
Vibrio harveyi 0 0 10 9 11
Gram  Viprio salmonicida 9 9 11 27 42
negative o o
bacteria Vibrio vulnificus 0 0 12 28 43
Vibrio furnissii 0 0 10 19 22
Vibrio anguillarum 0 0 13 24 51
Escherichia coli 0 0 10 14 10
Edward tarda 0 0 11 13 0
Propionibacterium acnes 0 0 15 20 34
Bacillus subtilis 0 0 11 30 41
Gram
positive Staphylococcus aureus 0 0 Wl 33 48
bacteria Streptococcus mutans 10 9 12 38 47
Streptococcus iniae 14 10 24 45 65
Streptococcus parauberis 12 9 19 46 55
~ Candida albicans 0 0 12 25 48
Fungi )
Pityrosporum ovale 9 9 11 36 52

ZC25E: Distilled water extract at 25C, ZC70E: Distilled water extract at 70C,
ZCAE: Acetone extract, ZCME: 70% methanol extract, ZCCE: chloroform extract.
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Table. 9. Inhibitory effect of strain JE—34 cell fractions(100x¢g) against

the growth of various pathogenic bacteria.

Inhibition zone (mm)

Strain
ZCirE  ZCfrC ZCfrA ZCfrB ZCfrD
Vibrio parahaemolyticus 41 20 13 0 0
Vibrio alginolyticus 16 9 9 9 9
Vibrio campbelli 27 0 0 0 0
Vibrio harveyi 9 0 0 0 0
Gram  Viprio salmonicida 33 9 0 0 0
negative o o
bacteria Vibrio vulnificus 34 0 0 0 0
Vibrio furnissii 16 0 0 0 0
Vibrio anguillarum 18 0 0 0 0
Escherichia coli 0 0 0 0 0
Edward tarda 11 0 0 0 0
Propionibacterium acnes 44 0 0 0 0
Bacillus subtilis 47 0 0 0 0
Gram
positive Staphylococcus aureus 44 9 0 0 0
bacteria Streptococcus mutans 43 0 0 0 0
Streptococcus iniae 32 21 14 11 0
Streptococcus parauberis 30 17 9 9 0
~ Candida albicans 31 14 0 0 0
Fungi )
Pityrosporum ovale 42 0 0 0 0

ZCfrE: Diethyl ether fraction, ZCfrC: Chloroform fraction,
7ZCfrA: Ethyl acetate fraction, ZCfrB: n—butanol fraction,
ZCfrD: Distilled water fraction.
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Zooshikello sp. CH-37 Methonol Extroct Zooshikelln sp. CH-37 Chloroform Extroct Zooshikello sp. CH-37 fr. Diethyl ether

Zooshiikello sp. Ct-37 fr. Dietbyl ether

Zooshikelln sp. CH-3F Chloroform Extract:

Fig. 36. Antibacterial activity of the extracts and fraction of Zooshikella sp. JE—34

against various pathogenic bacteria.
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Table. 10.

Minimal inhibitory

concentration

of

Zooshikella

sp. JE—-34

supernatant, methanol extract (ZCME) and diethyl ether fraction (ZCfrE)

against various pathogenic bacteria.

MIC
Strain (minimal inhibitory concentration)
supernatant ZCME ZCIrE
Vibrio parahaemolyticus 50% 500ug/ml  250ug/ml
Vibrio alginolyticus 25% 500ug/ml  250ug/ml
Vibrio campbellii 25% 500ug/ml  500ug/ml
Vibrio harveyi 50% >1mg >1mg
Gram Vibrio salmonicida 12.5% 500ug/ml  125ug/ml
negative
bacteria Vibrio vulnificus 3.125% 250ug/ml  250ug/ml
Vibrio furnissii 50% >1mg >1mg
Vibrio anguillarum 6.25% 250ug/ml  62.5ug/ml
Escherichia coli >50% >1mg >1mg
Edward tarda 50% >1mg >1mg
Propionibacterium acnes 0.2% 62.5ug/ml 31.25ug/ml
Bacillus subtilis 0.78% 125ug/ml  31.25ug/ml
p(()}sriatge Staphylococcus aureus 0.2% 500ug/ml  125ug/ml
bacteria  Streptococcus mutans <0.05%  62.5ug/ml 62.5ug/ml
Streptococcus iniae 0.2% 0.97ug/ml  7.81ug/ml
Streptococcus parauberis 0.1% 31.25ug/ml 15.63ug/ml
Fungi Candida albicans 12.5% 31.25ug/ml 62.5ug/ml
Pityrosporum ovale 1.56% 7.81ug/ml  1.95ug/ml
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