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ABSTRACT —This study was carried out to investigate the antioxidative activity on oxidaton
of human low density lipoprotein from marine microorganisms. Bacillus sp. RH-5 producing an-
tioxidative activity have been isolated and identified from coast sea in Pusan. Bacillus sp. RH-5
produced at highest level of antioxidative activity in the medium of 1.0% glucose, 0.25% po-

lypepton, 0.25% yeast extract, 0.01% FeSO;, -

7TH,0O and 50% sea water. The optimal medium pH,

cultural temperature and shaking time for the highest production as the antioxidant were 7.0,
30°C and 48 hr, respectively. The culture broth inhibited the copper catalyzed oxidation of hu-
man low density lipoprotein (LDL) at the concentration of 500 and 1,000 ng/ml ethylacetate ex-
tracts in the presence of 5 uyM CuSO,. The electrophoretic mobility of the LDL oxidized in the
presense of 5§ uM CuSO, was higher than that of native LDL.

Key words (] Antioxidant, Bacillus sp., marine origin

] 91% Zl B Aoz RE of 3500ad
= Al BE A7) sfjoke) B4 B3E
o R BRel e oy
27142 EepgatAl wahel A
At }E}“ AgreAe] of 2324 e
o] ol nsle] uf$- HaEte] Al W oAy s
ks 2UEZ AAso] glom 7 e
FREA EAFIL AH B3] APYBES &
slo] Bzl AMejAlS @A Qo] A vhol
= 7|98 AT NZE #2325 7k gk

0] §4bol) Hato] vhoksl *é wol g4y
H”L 7hsAd g A 1 glek™

2 TYS o] Fobo] ATE K49

U
~N
N
oz oZ

‘-O r-\o

oz

e oo =2 oap B
Mo oox KU X 2 B o
-
o
Ay
=
ox
m{n
_%

z & e
_OTH

A

oz L
=2 o2

1.

E-H
o T

)
-~ o
Jo

£
Ha
2
o
u
w2

Ny
9
C
m{u fo—

_‘20

N

Q}
-
N
o
of
=
o2
02

re
rd
-
S
2
Og‘:‘:
w
a2
3
=
N
i
2

T
°
BN
Y
2
R
kA
ol
o
oy
o
12 Ho
=
o

N
=
ux
2
r o
ol
o
4z

140 o
oH R =
-

2 X
N
Rc)
;{2{
2l

i i

o oz
3

*Author to whom correspondence should be addressed.

UNBL| Solgel Aotdtel Mz Yol FYBAL D)
7l A% BHoR BN ATE FHEHL A FHol

sFUEo] Hat A FMELYE et

& virus4] 2H870) digk <drvt fle 53] &Y vy
o A 2xbchAL AHE R S, S E A, oligod, & d
u2E g kst Fol v AelgAdEde] |
ERERE

gk Aol o] shuel A ste ]l F sy Oxid-
ized Low Density Lipoprotein(Oxid LDL)o] & 7o} %o
e asicka i E 9ok LDLE @3l 9li= cho-
lesterol 2] 3 Q3 QUMb 2 A] cholesterol &Heke] oF 75%7}
cholesteryl esters e 2 thAlx|2 LDLe| AFs}x]o] Oxid
LDLZ %o} Foidol] A (foam cells)E A &}H,'?
o]E @&l cholesteryl estersZ Wl A3 dhtsl A
®ch”Y MacrophageZ o] &3l Ago| - E Oxid LDLE
monocytes 2} macrophage 2] A 78 4| 7 2 (scavenger re-
ceptor pathway)E £3}o] cholesteryl esters24] Fuiao]

H J%H}{CX’EL&OW
olo

)



Antioxidative Activity Against Oxidation of LDL from Marine Origin 7

H3}7) et LDLL in vitroo A macrophages,” &2
of WHME, Fa AET 9L FEo)]2 M) Zajstel| Al
Oxid LDLZ # %9t} Oxid LDL i»&— A3 HAdo]
* aldehyde & # o] itstas 9
2o)] 3H}xjo] ‘L*é% L’rEJrLHD% \Hﬂ*ﬂfmﬂ A o% A
ohﬂ b upeba] o
= LDLe| AbslE A8t

_I

lN

7]+ Oxid LDLE 9 A|3}+=
ol 3akkA|E = o-tocopherol, B-carotene, lycopene,
cryptoxanthin, phytofluene, retinoides '3 ubiquinol 5-o] 2}
om, w3 Ao A&t flavonoid X 11 FEA = e
sparsh @A) QU A0® elal ek

b RyEe] BastAlel te ARl dRe
198083 T} aiotol] A1-ahs 2182 &= FSolA] SHabs}
o] gl+= phospholipids & ¥-2]5tg 1™ &= 36% 9 s)2FF
Rhodomela %3} Polysiphonia2:0lA] 5-bromo 3,4-hydroxy-
benzaldehydea}fl go] "ol 2§ ErkEA HE]

D ealubeel A Aele] FAbsHA A

0P010}01]A1 AL = B chA|n), v L 12250 E}L‘_
ARstol Asial BAE SA vl AT 0gelo]
%7}*}31 A G 0] S ke
e, 5 skl eI, A eI, B
a5 2ge ABAERAN B B
Sk asle) ke aelu sl By e 1DL) %
“Jll e SH4ksk E ol B A4 Hobk 3 Bck

mebA] 2 S A Q1 ARkl A A5G
A Hel AFORNE Byl Sre 2R 3
Ag hg Aol ficlo] 1= LDLO] AbsLE o Alst
= gbatgbgdo] 9428 W FE WHEte] ol& &l &7

S AR R s @Al diste] Warsharal g

o)
¥ o

v

)«

o ol
—v—‘

i

Mm

ol rg oy
—p
ol

«{o
_\li

Ol

Mz A Ay

=

0|8 —3hitst 548 gikshs 78 ¥elst?] 918t
Fakdete} s st e Eelatslct

HHX] Y AlQf— = A& A}3) vl %]3= Polypeptone 0.25
%, yeast extract 0.25%, glucose 5.0%, K.HPO, 0.1%,
FeSO, - 7TH,O 0.01%, MnSO, - 5H,0 0.02%, MgSO, 0.01
%, Sea water 50%(pH 7.0)& ARE-3FTE wljA] A]ek Difco
AES Y5t en, 1,1-diphenyl-2-picryl-hydrazyl(DPPH),
linoleic acid+= Sigma Co. #|%-&, ammonium thiocyanate =
Junsei chemical Co. A &S, 71 9= EFA| RS AFE3F T}

AlE kY

S RE MARRFO| 22| ¥ ME 35 of 5S~10ml
2 100 mlg 2ztEeb~Ho) W Hetle 10%~10° ml
o] x5 g FAste] Hatufx]o TEgh - 30°Cel|A] 244]3F
B kgt v} A4 %l coloniesidoll Bite] € A#HAE HAH
izl Fu owiAle] Q= wH diakbEe] A AEH
24717+ )&t o)W ojufA|o] DPPHE &3 A5
oA Falo g eAE= #5901 FS 13} AEsdh”

st WAbRFO| 8y

HENStY BN — 9 oo NP dege SHL
A Laboratory Manual’’3} Mannal of Methods for General
Bacteriology™o| et W& A 313 v 2| 2} Nutrient agarHl
Aol Al 30°CA AN 24412 ks & SHA §59) colo-
nyel del @ ERie) S4& DRk AL Foke In
dia ink®"H o2 oz, Hrel IS LeifsontHY
& ARgste] FeEn Ao r wHEsiIth L3 transmis-
sion electron microscopy(TEM), JEOL 1200 EX-II(Y &)S
ol-&3to] et 54 & FHESI

g22lrel 83 U BR— A%ty 43 ® AL 71E
o] "ol Biochemical tests for identification of medical
bacteria™ 2 Manual for the identification of medical bac-
teria’'} Sneath7} A A}t Wb o g AxstG ). £} Ba-
cillus sp.2] EAol] AHE3lE kitel ATB 50CHBS} API 20E
(API Bio Merieux Co.)E kit systemol w}e} 225l H

sl

MAETRFO| HYEA
Gaksl E3o MAME Eol7] flste] wiYAITE 25,
H, et 2 A4 5o 43S Akt
DA dEE FeTE 30°CAlA 2447 Z1ekEig

3 ﬂ»o}l 1%(vVvYE B a8 uix] 100 m! E0]0+= 30
ml X ZtAs1el] HESRe] 30°Co| A} 59 5-9F ZIekn)

S el 45 sk BHE 2P

S O

o2

gHitst @S &

u) o] Agiket ikl E3e 84 57L& thiocyanate
methodol] ols) ZHAHEATY FHS sy BES
ethanolol] 8-3§3}o] 11 effendorf tubeol] 200 pl ¥ o}
oln} Z |3t 400 w! phosphate buffer, 200 u/ distilled water,
200 p! linoleic acid solution®} 37 Qo 4 t}g o] %%
Foll 40°CE FAI3HH 241 7F St WhE-A|Z T €hg-<d 100
wE 100w NH,SCN solution, 100 p/ ferrous chloride
reagent?} 374 75% ethanol(3 ml)ol| 4331 5% F 490 nmo})

Journal of Food Hygiene and Safety, Vol. 13, No. 1




8 Beung Ho Ryu, Jin Woong Jeung, Dong Suck Kim and Jong Ok Park

A EREE oo} 42 FRsAh

o
[

LDLQ| Cu™0f| 2|8t At5}
Human LDLL| E2| — A7t Wzte] Ed 50 m/g 1 mg/
m! EDTAS 3H53} plastic A] & #ol] Yol nHksE 3 4°Col
A 3AIZE R EATE o £9] plasmais oA 20%
Zol AR (2000% g)3+ t}E gentamycin sulfate(1 mg/
25 m)S H7rstgdch. LDL(. 1.019~1.063 g/ml)e %314
Y4 E2]71(46,000% g)= 24417t FF FElste] AAvk £
2]¥ LDLL 0.15M NaCl, 0.01% EDTA7} g% 0.01 M
phosphate buffer, pH 7.4 41 16~20A|7F FA51ic).™
Copper mediated AF}—LDL(100 pg/mf)S  1~5 uM
CuSO,Z %53 phosphate buffer saline(PBS)oll 2|3l &
w9 ghatsl GBS Hrhsto] 37°CAlA 24413 wljFs}
o LDLY] 2t8hes FA3Ith.” dEs 28 o] ufed
o A|ZE H7lelAl -2 Z7iolA] g & dF st

Thiobarbituric acid reacting substances(TBARS)2|
a3

LDLe] AFsl= TBARS®] &4 o= H7latgict. 100
ug protein/m/ LDLo] gh5-%l wiek ZE <) 0.5 mio 20%
TCA 1.5 mlE 7}8 th& of7]d] 0.05M NaOHol| 0.67%
TBA 1.5 m/& Yol & 5 18 & tolS 90°C -8A4)

of| 4] 4587t A AEE 10 A A &2 (2,000 x g)3t
t}e Abzoho] 31338 Perkin-Elmer fluorescence spectro-
photometer(Model 650-108)&4] 510 2 553 nmeljA] 53
319k Alg& %9 TBARSS] -+ malonaldehyde(MDA)
ZA] o]zl MDAS ZE&E2AH o2 HE] MDAC nmole
24 et

[o
(o rlot

de rZ
O

LDL2| gel electrophoresis

LDL®] A7)%d%& Nile redS £33 LDLE barbital
buffer, pH 8.6 0.2 FE agarose gelZ4 75 Vol A} 20% &
ok A7REHeiTh. o] 2 UV lamp2 A E1stAct™
Bl F ol MaF—LDLe) e d#e Lowry 5o W
R e o e L

Zdn} 3 nE

g% S et 0jEel 22l 3 1Y

sor v g2 RE Fus} 23
7] A8l P4t Aekel A5E welg nAuAd) =
Ao S AUk oF BFE AN WY

} T2 ethyl acetate A F&3lo] 28 &2 24 DPPH

olt

R

3} 11, thiocyanate
155 HF dwad
2 g9s ¥ 2 49

*73 s =] ol] Ao uf o3}

MYTRFO| Rety 8o

HENEHE EM — A RH-S5T T WA shdui| 4
o Aol S8AL 2lag]#] ¢Fero v, nutrient agar plate’y
ol A} wiFate] colonyo] SAdol thste] =AM A=
Table 19} 2t}

ME ¥ RH-5 ¥5& Finley9} Fields o vjx] " 4ol A %
Z8lod 30°Cell A ufjetatdA dr|Zdos ez 548 &
Z5k A7} gram A o] ol X & FA sl Ht o2 LE
won, HEaM Au FrA HRE 73 9l India
inko 2 gut JAS 3t A ool gle Ao e
Ut s B 759 spore?] $]%]= paracentral2 UERL,
spore2] &elo] 243t Gordon 52| morphological group
AN Baclllus sp.oll 588 F543 4 i}, &9 gitksl &
A AAE Hel el RH-59 Axdn AlRle g cell
walle] F7|7} 2~3 nmZ UER} gram YAATYUE & T
Ak

i

Strain RH-52| 3

¥ P GoIA A& uek 2] gamae) o)
x5 sz s7Id rew HRGA A FRA
He 2 7123 99low 3 spored] B4 ellipsoidal £
viebytch oleh e A4S vERE #F S Cowan &
Steel’ol| 2]5fod A& ¥} Bacillus sp.ol} £8t= HoE 5
e 4= 91901 Gordon 5 ¢]3l morphological group
1(B. megaterium, B. cereus group, B. licheniformis, B. subtilis,
B. pumilus, B. firmus, B. coagulans)?l] £%8-8& 58 F 3l
o}, BeElaeet dE gl g APl system9| 33}
convertional ool ABErE E5A44E EARE AAE
Table 1o Vehfglct. B RaldFi= 12% NaCle] g#-¥
A M= Ao g2 EE S0°C7HA dSshe
3NN pEgen heialgAded 2lojAd= starch, glyco-
gen, casein 5% ¥8||319) 1 catalase, oxidase 5-& A4t}
3 ©1} urease, indole, gelatinase 52 negative®] €448 1}

L.

3t7 type strain®] Bacillus subtilis9b= 2] D-xylose,
sorbitol 2 D-turanose Z3l'50| §121.0™ acetateo] &5 5
o] §lo] thie] A= ARE "HojFu AU} o]t}
7ro) Bacillus sp-ol| )& FE2 ReHH HAbd = &

l

Journal of Food Hygiene and Safety, Vol. 13, No. 1



Antioxidative Activity Against Oxidation of LDL from Marine Origin 9

Table 1. Morphological and Biochemical, Chararcteristics of strain RH-5 isolated from sea water

Test RH-5

Test RH-5
Morphological charateristics

Gram stain Positive
Shape of cell Rod
Width of cell (mm) 0.8
Length of cell (m) 2.8
Spore shape Ellipsoidal
Spore position Paracentral

Motility Motile

Anaerobic growth

Gas from glucose -

Catalase

Oxidase

Egg-yolk lecithinase

Hydrolysis of starch

Hydrolysis of glycogen

Hydrolysis of casein

Growth at pH 6.8, nutrient broth

Inulin (INU)

Indole

Gelatinase -

Growth in NaCl 2%

Growth in NaCl 8%

Growth in NaCl 10%

Growth in NaCl 12%
Biochemical properties

Glycerol (GLY) -

Erythritol (ERY) -

D-Arabinose (DARA)

L-Arabinose

Ribose (RIB)

D-Xylose

L+ o+

P+ o+ o+ o+

+ + + +

L-Xylose _
Adonitol (ADO) _
B-Methylxyloside (MDX) -
Galactose (GAL) _
D-Glucose (GLU)
D-Fructose (FRU)
D-Mannose (MNE) -
L-Sorbose (SBE) -
Rhamnose (RHA) ~
Dulcitol (DUL) -
Inositol (INO) -
Sorbitol (SOR) -
Cellobiose (CEL) -
Maltose (MAL) +
Lactose (LAC) _
Melibiose (MEL) -
Sucrose (SAC)

Trehalose (TRE)

Urease -
Melezitose (MLZ) -
D-Raffinose (RAF) _
Starch (AMD) +
Xylitol (XLT) _
D-Turanose (TUR) _
D-Xyxose (LYX) -
D-Tagatose (TAG) -
D-Fucose (DFUC) -
D-Turanose (TUR) -
D-Fucose (LFUC) -
D-Arabitol (DARL) _
L-Arabitol (LARL) _

Ad8oA #a T4 F79 RH-5Z HeA Bacillus sp.
RH-52 ¢4 % o= wrsigirt.

SHISIEE WAMS B HSEA

2HE wi=le) G, &l pH B 2 E §9] wiek =4
2 22k A} A 2] atel QlojA Fo3 HEks dhe Ao
2 oA vk e} 7 270 skt shiol e S5
i FEEE BT RARSICRE 3lo] of 7] wjEo o]n|
H 152 Bacillus sp.2] &) a3k T5 ] wixz

“J (polypeptone 5.0 g, yeast extract 5.0 g, glucose 5.0 g, K,
HPO, 2.0 g, MgSO, - 7H,O 0.02 g, NaCl 0.02 g, MnSO, -
5H,0 0.01 g, FeSO, - 7H,0 0.001 g/, pH 7.0)& XA3 &
Bacillus sp.of| 2|3t &Hak3l &7l o] MALS 913 vtz 1S
A},

HHRFAIZIS| HE
8l %F A1 7ko) Bacillus sp. RH-50] &9} &abs} 23]

Bake dEs] flatel HA Ao Fujtd g 1%(viv)E

HE3ho] 30CHA SAzE AulekaiRiA o) 4§ Eo}
Fus BS99 A9 Fig 19} o] o AT
4817t M A Lhebton] gakel 412 Wiok 48417kl

A H ]l AoF et

BH2ES| HE

Bacillus sp. RH-57FF 9] w2 %o & WS T} )
3} Aake] 3ake HESE 7] 9ste] A8z Zujjorol e
1%(viv) HEsle] 25°C~35°CE vl =& WalA] 7|
48417k Fot REetujokdt & ghabel BA S =) B An
Fig. 20 LFehRQIT) 482 % H9E 25°C~35°Ce) ¥ 9]
ol A et or) 30°C Lo A Fo ST = aaksl
A =7t EA JEbdt

Initial pH2| A&}
Bacillus sp. RH-5¢] A& 59} 8113l 27
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Fig. 1. Effect of cultivation times on the growth and an-
tioxideative effect of strain RS-5 cultured in liquid
medium at 30°C for 5 days.

@-@: ccll growth, O-O: Antioxidative activity.

initial pHe] <8-S 7HES7] Y] AHuxE 0.5M
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Fig. 2. Effect of temperatures on the growth and an-
tioxidative effect of strain Rs-5 cultured in liquid
medium at 30°C for 48 hours.

@-@: ccll growth, O-O: Antioxidative activity (%).

1.2 1.2
1t {1 &
2
hi
e 0.8 0.8 >
€ =
> >
o po
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Fig. 3. Effect of initial pH on the growth and antioxi-
dative effect of strain RH-5 cultured in liquid
medium at 30°C for 48 hours.
@-@: ccll growth, O-O: Antioxidative activity.

Et49o] 7ol wet shitatE W Ak v X = 38
S ARSI AR ZhE A 1%(viv)E H7tet
o] 30°Col| 4] 48A]7F XEJuferdt o}S o] A& E o} gt

3} BYEE AR A7s Table 20 YERd wiep 7o)
glucose, fructose, saccharose 5-& H4Hsl Aatol] vl d o
&3 ElAg o F el

S
s g S gl 938 gEd] A
wlol 2% 7] % F7] A2AL 1w 7

4 |

Table 2. Effect of various carbon sources on the product-
ion of antioxidative substances by Baillus sp. RH-
5 cultured in liquid medium at 30°C for 48 hrs

Carbon sources Cell growth Relative activity

(1.0%, wiv) (OD, 620 nm) (%)
None (.920 71.7
L-Arabinose (0.982 77.4
Dextrine 0.94 76.1
Xylose 0.824 72.4
Rhanmose 0.901 73.0
D-Mannose 0913 70.1
Galactose 0.924 66.2
D-Fructose 1.005 94.0
Saccharose 1.036 94.5
Glucose 1.074 100

Maltose 0.963 80.1
Lactose 0914 72.3
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Table 3. Effect of various nitrogen sources on the antioxi-
dative activity by strain RH-5 cultured in liquid
medium at 30°C for 48 hours

Nitrogen sources Cell growth Relative
(1.0%, wiv) (OD, 620 nm) activity (%)

None 0.099 23.6
Organic nitrogen sources
Malt extract 0.565 433
Peptone 0.891 83.2
Polypeptone {).985 100
Tryptone 0.975 92.5
Yeast extract 0.951 97.3
Inorganic nitrogen sources
NaNO, 0.020 7.3
(NH,),NO, 0.172 10.1
(NH,),HPO, 0.879 73.7
KNO, 0.548 45.5

60

50 |

TBARS , nmole MDA/mg, LDL protein

CuSO. Concentration , uM

Fig. 4. Effects of ethylacetate extracts of Bacillus sp. RH-5
cultivation on the oxidation of LDL by cupric sul-
fate @-@: LDL+CuSO,, A-A: LDL+CuSO,+250
ng/ml ethylacetate extracts, O-0O: LDL+CuSO,+500
pg/m/ ethylacetate extracts, N-A: LDL+CuSO.+
1000 pg/m/ ethylacetate extracts, LDL (100 pg
protein/m/) was incubated for 18h at 37°C in the
presence or absence of ethylacetate extracts. Oxidat-
ion was initiated by the addition of 1~6 pM CuSO;:
The lipoperoxide content was measured as thiobar-
bituric acid reactive substances (TBARS) and was
expressed as nmol malondialdehyde equivalents/mg;
Data are the mean of three separate experiments.
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Bacillus sp. RH-5 H{j2Jeio] F£&20| Al2l LDLOY O}
& ghutst &}

Bacillus sp. RH-3% vijoF 2 Z7del| A 48771 vloFgt
3 ajekl e 75k & o]l Alek LDLo) )& 3Hilal &
N8 =439}, Bacillus sp. RH-5¢] ujofel-g ethyl ace-
tate 2 F&3 F FF2SL 1~6 UM CuS0.,8] EA3}ol| A
250, 500 2 1,000 ug/mli Zx39t}. Fig. dollA Bi= u}
o} o] F4tst 48 FA4E7] 9lgtel LDLY Eatuld
ol g 37°Co)A] 1847} H 3t § LDLS| AFalef| &t
CuSOE 1, 2, 3, 4,5 2 6uMS H7sto] 438 Aat
CuSO, ¥ako] %‘—7}'&2Tﬂ TBARS®] 32 F7hstdow,

>

CuS0,2] %7} 5% 6 uMY wf TBARSS] Zt& A&l H]
Zehgict.
E Aol A LDLE CuSO,Z 48} 2|71 & Bacillus sp.
H-52] dfjofie] ethylacetate FEES 500~1,000 pg/m!
1}6%2HH%&§§EP}§%%1 % Ueh} LDLe
digk 4k} oldl &3} Sre Ao BuEelch

Al LDL %! Oxid LDL9| gel electrophoresis
Abghe] golFo|A E2i3t native LDL, CuSO, ¥ Ba-

cillus sp. RH-52] FEFES AdA ZAsPIA EE31

1 2 3 4

Fig. 5. Agarose gel electerophoresis of native LDL (lane
1), LDL incubated with S pM cupper and 500 pg/
m/ ethylacetate extracts of Bacillus sp. RH-5 (land
2) . LDL incubated with 5 pM copper(lane 3) and
LDL incubated with 5 pM copper and 1,000 pg/m/
ethylacetate extracts of Bacillus sp. RH-5 (land 4).
After incubation period, lipoproteins were stained
with Nile red (50 p/ of LDL added to 4 pg Nile red)
and electrophorsed. The lipoproteins were viewed
under a UV transilluminator and photographed.
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kel garst Zyol
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