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Bacillus sp. CS-179| MA MMZTAH 3 MA S0l SHHEY
531 - AQR® - 27 - HYPAHx
Feddn AE7LFety, radAnge 299, HAde sdze
x B 7&% FegaZonteg M WA protease o) 71 743 #& Mdste] Bacillus sp. CS-

172 BA3ATh CS-17 F¢] FAFAL vjek 24717, protease B vl 48A17), 18] 51 A AL Wi
722} & Avholl D34t} Bacillus sp. CS-17& TFEEE 1.0% 715 Aa AAE 7B o) A 71 2o
A A "3*3“18"% THE Ao Vehgtt. wl¥zd o] Bacillus sp. CS-17¢] M Aol nX= &35 2AS 2
3}, pH 85614 37C, 724120 Wikst el o o) Ak A4S BTk NaClel Hrbe Az A4S E alsh
Ao = Uehgt}. o|Ate] AFE Bacillus sp. CS-17¢] A4 A A 2L 37°C, pH 8.59 4 72A17H5<t vl %k
e W2 FAHUT. T YT 5T L 2% 4T 650 vhakel s FEAS) FFLYL paper discl
oz =X A3, B. subtilis, P. aeruginosa, S. typhimurium, E. aerogenes, B. cereus, A. hydrophila2] 37| o
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ot Al AL 7] EulX]E dextrose 1.0 g, K,HPO, 7.0 g,
KH,PO, 2.0 g, Na,CH,0,-2H,0 0.5 g, MgSO,-7H,0 0.1 g,
(NH.),SO, 1.0 g, agar 15 g& 119] F5H<ol| =of pH 7.00
2 2438 AFREIAT). Protease SAHZALE {3l
Hagwara'”2] vl wlz} &4 05 mlo] 02M boric
acid-borax buffer(pH 9.0) 1.0 m/Z& 7}3}1 0.6% Harm-
marstein milk casein(pH 9.0) 7| £ 2.5 miE Y31 40°C
ojA] 3087F wle-AjFTE ¥kE & 0.44 M trichloroacetic
acid 2.5 miE Yol ¥Hg-& T AI7| 2 ALoA 1023
A% g, 9733 9N 1.0mle] 0.55M Na,COLH 10
m/¢} Folin-ciocalteu-8<) 1.0 mIE 2o} 37°Col|lA] 3087
AN 660 nmol N FHEE ZAeAT BLdrhe
Ao 1.0 mi7} 18 F< 1 uge] tyrosines AAdE 4= 9J
g0 %S 1 unitE AASFA T
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A& A8 HAuRE AA3AT

MA MEEA

A A 71 EuiR] e g FEEE 1.0% F718te w2
%, pH, NaCl ¥ ujjA|zto)] @& M4 A4 52 380 nmol|
Ao FRERCE ZARIY

AR TFF AR AT T @5 TS REAY
9 AHFst A3s §ARL WA 115 [Escherichia coli
(ATCC 25922), Bacillus subtilistATCC 6633), Pseudo-
monas aeruginosa(ATCC 27853), Salmonella typhimurium
(ATCC 14028), Vibrio parahaemolyticus(ATCC 17802),
Clostridium perfrigenes(ATCC 13124), Enterobacter
aerogenes(ATCC 13048), Staphylococcus aureus(ATCC
25923),' Bacillus cereus(KCCM 40133), Aeromonas hydro-
phila(KCTC 2358), Listeria monocytogenes(KCTC 1014)]&
Th3k AR

T w2 detele] =4 A RTEFE Z4Zhe] A
B R|ol 24A12F 5= B3] AN FE F o]AL TLE A Au)
A 100 miol] 1 Hgo]E HFsld HAHLrA 24221 7
(150 pm)3 T3 A 1 miE TA] AH2E AAH)
2l 100 mlo] HF3}51, SAIZHERt WEHGAIA A7
(stationary phase}?] A|EE AUt} o] AE RS A
¥ ¥ 0.1 M phosphate buffer(pH 7.1)Z 3|A3}d JZE A
¥ Bx7} =10 clu/ml7t 28 ZHslg4r).

i FZFN 24 : Bacillus sp. CS-17 #F5 BA-8
HR] ol 24A]2F ¢ 3] AlEEE F oA S M4 A H3F
H1=] 100 mio)] 1¥9go]g HF3te] 30°CollA 24A]7F R &
150 pm)F O & A 1 mliE oAl A28 A
B 2] 100 mlol| HF3te] 3043 | FAIZIcE. gy
33] f4E21(9,000 g, 302)3t] 2 AT AREE A3}, 70+
0.5°C9] evaporatorol| 4] FZA]7] ]S, Membrane filter($:
0.45 pm, Millipore)2 A 7§ AL g A FHoE A3}
art.

i FHY FFEA 4 FHA(05gmhe]
T8AL paper disc agar diffusion®] .2 ZA}slgh. 7}
F3o Age w7} S0l petri dishol] 7 FgHoy
0.1 mi(=10° cfumhyE HF, =Lsn 5FES 7Y
disc(8 mm, Toyo Seisakusho Co.)ol| 30, 50, 70 W& F <=,
AZAA plate BB LR TS, 0.85% JI%
75 piZ ST 83 2443 B1FERA paper disc 5
Aol AP A& AH(mm)e 2 FAEHE FA3)
Aot.

FEEL = Nt

MA MMTo| 2] U MY

Az A AR A Sero 2 M YTl A
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J}= Table 13} Zow, WA WA 53 protease EAJo] 7}
743 CS-17 48 B A9 Agdg oz HF Adsq
t}. Fig. 12 AdE 72 HAE scanningd 23} ZA] 380
mmol| A A1 F3XE JehHo] A1'%0) Bacillus lichen-
iformis SSA37} A= 27t 430 nmollA] FH 119
FREE vehdoks 2as} ggton, F 5] HR3
A ¥2 3 Bacillus sp. DC-27} A3 MA7}F 390 nmo|
A a9 F3AE Yehdoks By vsd g 1B
Aok AdE CS-17 #& A4 A AAE|R A 7247
St vidstAA FAS4, protease B4 L M4 A TE
ZAHe A3, Fig. 2049} o] #AIS2E wlg 24478,
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T2A 7 Fof Hujjof] &3l

£alde 53
HZ A8 i AT CS-179) EAL AR A

Table 1. Isolation and selection of pigment producing strains

Protease activity ~ Cell growth

Strains Color intensity (unit) (CFU/ml)
CR-01 0.391 2.50 7.2x10°
CR-09 0.402 2.64 73%x10°
CR-19 0.203 1.02 5.1x10°
CR-30 0.137 0.91 43x10°
CS-05 0.294 2.07 5.9%10°
CS-07 0.334 2.19 6.4%10°
CS-12 0.407 2.46 77%10°
CS-14 0.231 2.04 53%x10°
CS-17 0.504 2.97 82x10°
CS-26 0.454 2.54 74%10°
CT-07 0.279 1.24 5.8x10°
CT-11 0.312 1.95 59x%10°
CT-13 0.383 2.25 7.1%x10°
CT-20 0.209 137 5.6x10°
CuU-02 0.330 1.59 6.4%10°
CU-06 0.317 1.32 6.1x10°
CU-07 0.398 2.01 7.9%10°
CU-12 0.361 1.43 6.9%x 10°
2.00Q
<= 380nm
N\,
eooof——~-~—-~~--~--~- -~~~ " --- - - -V -
200 300 400 500 600

Fig. 1. Spectrum of pigment produced by the isolates.
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Fig. 2. Effect of cul@m time on the cell growth (6—@ ), pro-

tease activity (I—P) and pigment production (&—aA) of
selected strain. Medium (pH 7.0) was composed of 0.1% dex-
trose, 0.7% KHPO,, 0.2% KH,PO. 0.05% Na,CH,0,-2H.0,
0.01% MgSO,-7H,0,/0.1% (NH,),SO..

Table 2. Momholoéiml and cultural characteristics of the
CS-17 isolates |

Charactenstlcs CS-17
Shape rod
Size ! 0.7~0.8 pmx1.7~1.8 um
Motility +
Gram stain | +
Rods or filaments curved -
Endospore produéed +
Filaments -
Anaerobic growth +
Growth in NaCl
2% +
5% +
7% +
10% -
Oxidase -
Catalase +
Symbols: +, 90% or mbre of strains are positive; —, 90% or more of

strains are ncgative. |
1
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Fig. 3. Effect of different media on pigment production by
Bacillus sp. CS-17. A: Optimal medium for cell growth (0.5%
maltose, 5% (NH.),SO,, 0.5% yeast extract, 0.1% MgSO,-7H,0,
1.0% NaCl, pH 7.5 and 37°C). B: Optimal medium for protease
activity (0.5% maltose, 0.25% (NH,),SO,, 0.5% yeast extract,
0.3% K,HPO,, 0.01% MgSO0,-7H,0, pH 7.75 and 37°C). C: The
basal medium for pigment production (0.1% dextrose, 0.7% K
-HPO,, 0.2% KH,PO,, 0.05% Na,CH.0,-2H,0, 0.01% MgSO,-
7H;0, 0.1% (NH,),SO,, pH 7.0 and 37°C). D: The basal medium
for pigment production added 1.0% soybean (0.1% dextrose,
0.7% K,HPO,, 0.2% KH,PO,, 0.05% Na,CH,0;-2H.0, 0.01%
MgSO.-7H,0, 0.1% (NH,).S0,, 1.0% soybean, pH 7.0 and 37°C).
The strain was cultivated for 72 hrs.
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Fig. 4. Effect of pH on pigment production by Bacillus sp.
CS-17. The medium was composed of 0.1% dextrose, 0.7%
K.HPO,, 0.2% KH,PO,, 0.05% Na,CH,0.-2H,0, 0.01% MgSO,
7H,0 and 0.1% (NH,).SO.. The strain was cultivated for 48
hours at 37°C. @—@ : O.D. at 380 nm.
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Fig. 5. Effect of cultivation time on pigment production by
Bacillus sp. CS-17. The medium was composed of 0.1% dex-
trose, 0.7% K,HPO, 0.2% KH,PO, 0.05% Na,CH;0,-2H,0,
0.01% MgSO,:7H;0 and 0.1% (NH,),SO.. The strain was cul-

tivated for 48 hours at 37°C and pH 8.5. @—@ : O.D. at 380 nm.
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Fig. 6. Effect of temperature on pigment production by Ba-

cillus sp. CS-17. The medium was composed of 0.1% dexirose,

0.7% KHPO, 0.2% KH,PO,, 0.05% Na,CH;0,-2H,0, 0.01%

MgSO,-7H,0 and 0.1% (NH,),SO,. The strain was cultivated for

48 hours at pH 7.0. @—@ : O.D. at 380 nm.
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Fig. 7. Effect of NaCl concentration on pigment production
by Bacillus sp. CS-17. The medium was composed of 0.1% dex-
trose, 0.7% KHPO, 0.2% KHPO, 0.05% Na,CH:0.-2H.0,
0.01% MgSO0,-7H,0 and 0.1% (NH.),SO,. The strain was cul-

tivated for 72 hours at 37°C, pH 8.5. @—@ : O.D. at 380 nm.

2old Be A7t AYRE ACE vEiten, 37CH
A HA9 AL B protease BAo] ¥E W AA A
o] &L & F Uk )& A'%) wWmd Bacillus
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Table 3. Antibacteri\al effect of culture broth concentrates of
Bacillus sp. CS-17 | zone diameter (mm)

i
1
i
i

concentration (mg/disk)

Strains
15 25 35
E. coli
B. subtili . y y
SUORIS 8.5 85 9.0
P. aeruginosa
S - 8.5 85
S. typhimurium >
o - w 8.5
V. parahaemolytlcus‘ _ _ -
C. perfringenes _ _ -
E. aerogenes _ w 85
S. aureus . _ i
B. cereus _ — 8.5
A. hydrophila _ W 8.5
L. monocytogenes _ i

"No and *week inhibitior:l zone were formed.
Cultivation time: 24 hrs‘
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aon, 2% ol ArHEE W 7} w7} Z73h|
wet Mz o] FAs] FaHUIL, 6% ol HrHA
A ol A AL A8 9 5 ASieh ol 2
#H2Z Bacillus sp. CS- 179] M A FH 2718 37°C, pH
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o] veht 1 EJ—W} 743 ko P. aeruginosa, S.
typhimurium, E. aekogenes B. cereus, A. hydrophila7} 35
mg/disk®] M2 FEHAe] 71 8.5mme] ARFS et
WAL o)Ay QJ}EH Bacillus sp. CS-179) 2J&] HA)H
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s Rel okttt 7 58 Monasus 75
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Conditions for the Pigment Production by Bacillus sp. CS-17 and Antibacterial Activity of Pigment

Concentrated Extracts

Dong-Hwa Son’, Oh-Jin Kwon’, Ung-Kyu Choi, Yung-Gun Chung* (Dept. of Food Science and Technology,
Yeungnam University, Kyongsan 712-749; 'Dept. of Food Preparation, Taegu Polytechnic College, Taegu 706-020;
’Dept. of Hotel Culinary Art, Taekyeung C&D College, Kyongsan 712-850, Korea)

Abstract : A bacterium with potent activity of pigment production and protease was isolated and identified as be-
ing Bacillus sp. CS-17. Cell growth, protease activity and pigment production of the strain reached to its maximum
point after 24 hrs, 48 hrs, 72 hrs, respectively. The best pigment producing ability of Bacillus sp. CS-17 was
shown on basal medium for pigment production added 1.0% soybean. The high effcient conditions for pigment pro-
duction was obtained at culture of pH 8.5, 37°C and 72 hours. Among the tested 5 gram positive strains and 6
gram negative strains, weak antibacterial activity of pigment concentrated extracts was appeared against growth of
B. subtilis, P. aeruginosa, S. typhimurium, E. aerogenes, B. cereus, A. hydrophila.

Key words : Bacillus sp. CS-17, pigment production, pigment concentrated extracts, antibacterial activity
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