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Isolation and Identification of Antioxidant-producing Marine Bacteria and Medium Optimization.
Kim, Hyun-Jin, Soo-Hwan Yeo, Sung-Choon Cho, Deng-Won Bae!, Jung-Hoon Yoon?, Yong-11 Hwang,
and Seung-Cheol Lee*. Division of Life Sciences, Kyungnam University, Masan 631-701, Korea, "Central
Laboratory, Gyeongsang National University, Chinju 660-701, Korea, KRIBB, RO. Box 115, Yusong, Dae-
jeon 305-600, Korea — For the research of the natural marine antioxidant, several bacteria were isolated from
the coast of Jin-Hae in Korea. Among the marine bacteria studied, strain HJ-14, a gram-negative, motile, strait
rod, acrobic, and Na* required bacterium showed high activity of 1,1-diphenyl-2-picrylhydrazyl radical scav-
enging. The morphological, physiological, and biochemical characteristics of the strain HJ-14 were similar to
those of the Alteromonas macleodii ATCC 27126". Thus, it was tentatively identified as Alteromonas sp. HI-
14. The compositions of major fatty acids in cell membrane of Alteromonas sp. HJ-14 were Cj4.0, Ci5.0, Ci6:0
and C;7.1 wse, which also suggest that it is affiliated with 4lteromonas sp. The optimum culture conditions for
production of antioxidant materials with Alteromonas sp. HJ-14 were at 25~37°C and pH 6~8. The optimum
conditions for the production of antioxidant for carbon, inorganic nitrogen, and sodium chloride sources were
2.5%(w/v) dextrin, 0.5%(w/v) ammonium sulfate, and 2~6%(w/v) sodium chloride, respectively. The
hydroxyl radical scavenging ability of Alteromonas sp. HJ-14 broth was 90.03%, which is higher than ascor-

bic acid(83.28%) and lower than butylated hydroxyanisole(95.46%) and o-tocopherol(97.17%).
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Fig. 1. Scanning electron micrograph of the strain HJ-14. Bar
indicates 1 wm length.

Table 1. Differential phenotypic feature of isolate HJ-14 and Alteromonas macleodii ATCC 27126",

Characteristics Iit;_a; 2 AAT én Ca CZZ;TZZT Characteristics Strain HJ-14 :T (r:n g czl;fggT
Gram reaction - - Catalase + +
Cell shape St St Oxidase + +
Growth at: Urease - -
4°C - - V-P -
35°C + + ONPG + +
40°C + d KCN - -
Mobility + + Hydrogen sulfide - -
Pigmentation - - Casein hydrolysis - +
Cell size 0.5~0.6 0.7~1.0 Esculin hydrosis - -
0.9~1.9 um 2.0~3.0 pm Indole produciton +
Maximum NaCl concn tolerated 1-12 1-6 Utiliaztion of:
(%, wt/vol) D-Galactose + +
Na' requirement for growth + + Cellobiose + +
Reduction of NO;3™ to NOy” - - Lactose + +
Amylase(Starch hydrolysis) + + Salicin + +
Gelatinase + + D-Mannitol - d
Lipase + + L-Tyrosine + +
Utilization of: D-Xylose - d
D-Mannose - - L-Arabinose - -
D-Fructose - + D-Glucose + +
Sucrose + + Acetate - +
Maltose + + Propionate - +
N-Acetylglucosamine - d L-Tartarate - -
Succinate - - Ethanol + d
Citrate - - Butanol - -
Glycerol Glycine - d
D-Sorbitol - - L-o-Alanine +
DL-Malate - - L-Arginine - d
m-hydroxybenzoate - - L-Lysine - -
O/F test Oxidation Oxidation L-Ornithine - -
Growth on TCBS - Dextrin +
Growth on Starch + +
Pseudomonas Agar Base - Raffinose + +

+:positive, -:negative, St:straight rod, d:11-89% of strains are positive. T:type strain
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A3 3 EA AN 759 8l Takao 59 #
29151 o] 8" sk mAE Eeld R v (bacto
peptone(0.25%), yeast extract(0.01%), agar(1.5%), FeSO4
- TH,0, sea water(50%))ell 10114 1012 3A3} )2
Easle] 25°CollA 5U7b wiekst §, = filter paperS Bl
Aof] F2AIA FA L HAFE] filter paperol] A &
% delgicl. 0.183mM DPPH  (1,l-diphenyl-2-
picrylhydrazyl) radical -&--& T I AAE o] &2
filter paperol] BAFsted A w3tz als) &4 A FF2
FElstdeh. 4719w ez Feld 4 FF5S Marine
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3% 22 A4E wFe $AL Jeleh, Askey =

A& 24}18149[5,28,30,31] Bergey’s Mannual[4]2] w4 o]
me} 3Pl o] el IES $18) Marine broth agar
of 24A17F whFs FAHE 60, 70, 80, 90, 95, 100%
ethanolZ A H o2 8-S AA3 F FFHo=
HMDS(hexamethyldisilazane) 2 $~2& A 713l SEM
(scanning electron microscope, Hitachi S-4200, Japan) 2. %
wEs

X[t 24

TF2 ME Aupak 2L 93l Marine broth agarol]
30°C, 24A)zF wiek3t FAe] A HWFANS Microbial
Identification System (MIDI ; Microbial ID)&] x| o] 2]
3 F23hed EA s

HiF=zd 3 HHX|MEe| Z|X&t

woF 27 3 WA ke 2 A e
A3 BYEDAN] E o AS Adsied A5l o
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ZF2E 1%((wiv)Z Z71sled et 4 77] A
g4 237 Z2A ¥ 9 A]o] ammonium chloride,
ammonium
phosphate, potassium nitrate, sodium nitrate 5 Z}7+
0.5%(w/v)2 F7¥sled AT Sodium chloride’s =+
2, 4, 6, 8, 10%(wh)9] %2 712 drlslglon, F5 ul
F pH:= 5,6, 7, 8,9, 1022 A3, £X= 20, 25,
30, 37°ColA wiok 2e) H431E A alde.

ammonium  nitrate, ammonium sulfate,

Hydroxyl radical £7{&M

wofd o] - OHAA FAFHE FAber] 98 2-
deoxyribose oxidation method[9]5 *3sle] A3}t A
3t 0.1mM FeSO/EDTA £ 02ml, 10mM 2-
deoxyribose 0.2 ml, wieFe} 0.2mMe} 0.1 M phosphate
buffer (pH 7.4) 12ml, 10mM H,0, 02 miE 7}3}%,
100°C F&xo A 1087 ¥&AZ F, 28% TCA
(trichloroacetic acidy8%} 1 mlE 7}slo] vF-S FA|AZ L
2 %, 1.0% TBA(thiobarbituric aicd)&-<} 1 mlS 7}}e]
100°Col AT 10387F 742 F 34538] 324417 532 nmel]
A FAEE SA3YG - OHAA A& HSA(hydroxyl
radical scavenging ability) = 7|3} o o231} 22 4

Table 2. Cellular fatty acids profile of the strain HJ-14.

Fatty acid Composition (%)
Ciio 0.33
unknown 11.798 0.43
Cr2o 3.88
unknown 12.112 0.44
Ci1:930H 2.36
Cizg 1.80
Ci2:0 30H 1.12
Crayp 5.26
Sum in feature 2 1.13
iso C15:0 0.32
Cys: w8e 3.30
Cis:1 whe 1.57
Cisqo 8.02
Sum in feature 3 4.32
Ci6:0 N alcohol 0.43
iso C16:0 0.54
Sum in feature 4 36.41
Cis0 13.36
anteiso Ci7.1 w9 0.39
Ci7.1 w8 5.77
Ci7:1 wbe 0.37
Ci7g " 1.72
Sum in feature 6 0.26
Cig:1 w9 0.48
Sum in feature 7 483
Ciso 0.94
Sum in feature 9 0.21
Ca0:3 w6,9, 12¢ 0.00
Total 99.99
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=4 A5l ol 60l FFE EEjdt &, HFH o=
Kang3-2| ¥W[1718 #33sle] kst 2 A4%5e] 718
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o2 ke, WeF Z7)elle Fxdo] BEsir} Azte] )
vhEA e Za|R = Zlo] FAEGIC AvjE EAIS Table
15} Zre] A{ell Na7} BR3}T, 545 7 9lew,
amylase, gelatinase, lipase, catalase, oxidase S 4|3}t
3+H oxidation/fermentation Al3ollA oxidation® 2. vyelyt
2L, Vibrio sp. AA&¥i=|el TCBS wiA] W Pseudomonas sp.
A&l z]e] Pseudomonas Agar Baseoll 4= A 83514 %3]
o}, o]} e BEAL g v|AE F 371442 Alteromonas
spZt 2= EAT sl e, 4°CeilMe] 4dA, D-mannose,

D-fructose, sucrose, maltose, N-acetylglucosamine,
succinate, glycerol, D- sorbitol DL-malate, o-ketoglutarate,
m-hydroxybenzoate2] ©]4 2 pigment A 55 A&
A3}, Alteromonas macleodii®} 7V FARRS Helv}. =3},
HIJ-14 ¥52] AHE¥ Z]H“P FAE Table 20 Hehfigle
o, o] &2 F28 AWPARE Ciao, Ciso, Cigor Cr7:1 wie 2
Sum in feature 42 -4 5]°1 B I Alteromonas 50|
&3l= Ao g o, o)) Alteromonas sp. HI-142
H 3l

Alteromonas sp.oll 9t e AFE dA7olr 7]E
GHAY 4. aurantia, A. citrea, A. rubra 5& T3 14
%52 Pseudoalteromonas sp.2 A &4 7= A H12].
Alteromonas macleodii subsp. fijiensisoll 4] 8] =-#] & =4
A3}l o]-8F 4= 9l exopolysaccharide®] AAle] W7 E
1 [23], Y-&E HEX|E]l= heparin?} B]£3F EAIS 7}

X A EA}L anticoagulant3}[16] alginate lyase *3*‘1'?5}-\:
B5[27PF EaE i

Eta2lo] 45t

Alteromonas sp. HI-142] 82} Azlgel5o] gl &
4909 gL ZAksl7] H3led 71wl A] (Marine broth)ell
mannitol, sucrose, lactose, fiuctose, glucose, xylose,
soluble starch, sorbitol, dextring 2tz 1%(w/vyd *7}sled
FAFar A3}, Table 39|49} Zo] dextrin®] 7§04 714

Table 3. Effects of carbon, nitrogen sources, and sodium chloride concentrations on the production of antioxidant materials.

Cell growth (ODggonm) EDA (%)?
Source Component

12 hrs 24 hrs 48 hrs 12 hrs 24 hrs 48 hrs
Carbon” Control 3.62 4.46 2.80 47.64 28.17 22.20
(1%, w/v) Mannitol 2.83 4.52 2.48 47.95 29.94 21.14
Sucrose 3.71 7.40 5.47 53.04 52.04 42.36
Lactose 3.94 6.63 4.40 51.14 35.14 43.52
Fructose 2.73 4.63 3.78 43.02 19.87 19.47
Glucose 3.23 6.06 4.63 48.94 44.92 43.67
Xylose 2.42 4.40 1.92 48.47 34.58 32.44
Soluble starch 3.39 5.40 4.04 51.71 41.38 42.09
Sorbitol 2.32 4.46 2.09 46.74 33.05 27.25
Dextrin 4.19 8.72 4.61 56.09 54.94 45.50
Inorganic Control 6.05 10.04 12.04 76.02 79.01 79.67
nitrogen® NH4Cl 4.68 9.65 10.02 89.31 90.15 90.34
(0.5%, w/v) NH4NO3 5.02 8.45 12.35 84.34 83.15 84.16
(NH4)2SO4 5.12 9.45 13.15 91.05 91.35 92.10
KNO; 4.68 8.12 12.98 81.06 80.68 82.47
(NH4),HPO, 7.09 7.95 13.28 89.01 82.16 82.01
NaNO; 7.02 10.42 12.27 76.05 75.12 79.23
Sodium chloride 2 5.08 8.75 12.35 88.33 87.61 89.64
concentrations 4 3.65 7.27 9.28 85.34 86.31 86.34
(%, w/v) 6 3.42 6.14 7.99 83.64 82.12 79.69
8 2.60 5.28 7.95 74.35 82.14 80.79
10 1.26 4.16 7.78 44.27 72.35 74.15

YEDA (%) = [1-(absorbance of sample at 525 nm)/(absorbance of control at 525 nm)]100. Each basal medium is ® Marine broth (Difco Co.,
USA), “Marine broth/2.5% dextrin, and ¢ Marine broth/2.5% dextrin/(NH,),SO4. All cultures were carried out at 25, pH 7.



Table 4. Effect of dextrin concentration on the production of
antioxidant materials.

Concentration Cell growth (ODgsonm) EDA (%)
(%) 12hrs 24 hrs 48hrs 12 hrs 24 hrs 48 hrs
0.0 3.62 446 280 4764 2817 2220
0.5 451 648 402 5004 4802 4212
1.0 419 872 461 5609 5494 4550
1.5 624 898 824 62.05 6382 60.08
2.0 648 856 1004 70.82 7234 68.46
2.5 608 837 979 73.05 77.04 72.68
3.0 589 9624 957 7056 7945 73.04
4.0 6.12 787 8.64 7244 7205 71.88
5.0 597 795 846 7116 73.08 7421

Table 5. Effect of initial pH on the production of antioxidant
materials.

. Cell growth (ODggonm) EDA (%)
Initial pH

12hrs 24hrs 48 hrs 12hrs 24 hrs 48 hrs
5 0.34 0.26 5.69 0.84 0.68 8996
6 6.62 8.65 11.68 90.12 89.67 90.34
7 6.15 845 11.87 90.84 90.13 91.02
8 8.12 1135 11.98 90.34 8878 90.04
9 5.12 8.71 [1.81 805 8501 89.34
10 3.22 5.21 5.04 0.08 0.04 0.16

AR Folo) ) WAHe}t. w3, dextrin =] IS
AL 7] Y, dextrin 522 05, 1, 1.5, 2, 2.5, 3, 4,
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2%19) X7} 2%ol sl A HARFedSo] wiek 271 #
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7} slddet. a8, 2.5%2 dextrinell A AT Sl A
AaA FAEHE, ol W F dextrine] ZRHA ok
30, QoA X5 07 o) fno] FAkS) FAS AlS
AAVsR= Aoz AlgElc sh, Table 364 viehdinks}
7¥o] mannitol, fructose, xylose, sorbitol 59| & HET-
o} vl ¥ o) Axges 2 77 KTl A9 4
S vAA] ke

27| ALY ¥ H(NaCl) sl d&

Alteromonas sp. HI-14° 23t §7] A4 J3k& &
A}38}7)
ammonium  phosphate, ammonium sulfate, potassium
nitrate, sodium nitrateZ 2.5% dextrine] -8 7]EufA]ol]
ZFzy 05%(wiv)E A 718t A3, ammonium  sulfate,
ammonium nitrate, ammonium phosphate & 378 wj#]oj]
A} AR So) el o (Table 3), ammonium sulfateS
71 wiAoM 71 $318ie (NaCl) 52| 3E
Lolrr] 3 2, 4, 6, 8, 10%IM AAFAT 2 T AR
EE A A, 2% F TR AAFEST L T A
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Fig. 2. Effects of culture temperature en the production of anti-
oxidnat materials. - B, EDA at 20°C; - @-, EDA at 25°C; - A-,
EDA at 30°C; -@-, EDA at 37°C; -[J-, cell growth at 20°C; -O-,
cell growth at 25°C; - 2, cell growth at 30°C; ~O-, cell growth
at 37°C.
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Fig. 3. Comparsion of growth and EDA (%) of the strain HJ-
14 in Marine broth and optimized broth. - B -, EDA in opti-
mized broth; - @ -, EDA in Marine broth; -[J-, cell growth in
optimized broth; -O-, cell growth in Marine broth.
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Fig. 4. Hydroxyl radical scavenging activities of culture super-
natant of strain HJ-14. The concentration of o-tocopherol, Vita-
min C, and BHA added in reaction mixtrue were 10 mg/ml.
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