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Table 1. Morphological, cultural and biochemical
characteristics of Halomonas sp. ES 10

1. Morphological characteristics
1) Cell
Shape Sigmoidal
Size 0.8~1.3X3.8~7.5um
Motility Motile
Spore formation -
Gram stain -
2) Colony
Color
Form
Surface
Edge

Milk glass
Circular
Smooth
Entire
Elivation Convex
Structure Butyrous

2. Cultural and biochemical characteristics
Catalase
Oxidase
Starch hydrolysis
Gelatin hydrolysis
Casein hydrolysis
Indol formation
H,S formation
Urease
Reduction of nitrate. to nitrite
Methy! red
Voges-Proskauer test
Acid formation
Pigment formation -
Optimum temperature 20T
Optimum pH pH 6.5~8.0
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Table 2. The salt response pattern for growth of the
Halomonas sp. ES 10

Medium

NaCl conc. SGC? Nutrient broth
oM + —
1M ++ ++
2M +++ +++
3M + +
AM + +
5M + -

— : No growth, + : Moderate, ++ . Good, +++ :
Excellent, ® . Sehgal and Gibbons Complex medium;
casamino acids 0.75g, yeast extract 1.0g, KCl 0.2g, so-
dium citrate 0.3g, MgS0,7H,0 2.0g, FeCl, ,H,O 0.0023
g NaCl 0~5M, D.W 100 mi(pH 7.0).
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Table 3. Effect of omitting one amino acids at a time
from basal mixture® on growth Halomonas sp. ES 10

Amino acids omitted O.D. at 660 nm  Effect

Basal mixture(none omitted)  0.087

DL-alanine 0.020 stimulatory
DL-histidine 0.028 stimulatory
Glycine 0.030 stimulatory
L-cystine 0.038 stimulatory
L-leucine 0.050 stimulatory
DL-serine 0.054 stimulatory
DL-tryptophan 0.069 stimulatory
DL-threonine 0.072 stimulatory
DL-isoleucine 0.079 stimulatory
L-tyrosine 0.085 none
L-arginine 0.087 none
L-lysine 0.087 none
DL-phenylalanine 0.087 none
DL-valine 0.126 inhibitory
DL-methionine 0.150 inhibitory
DL-aspartic acid 1.085 inhibitory
L-glutamic acid 1.130 inhibitory
L-proline 1.216 inhibitory

?Temporary synthetic medium(TSM) @ Amino acids
(DL-alanine 43 mg, L-arginine 40 mg, DL-aspartic acid
45 mg, L-cystine 5 mg, L-glutamic acid 130 mg, glycine
6 mg, DL-histidine 30 mg, DL-isoleucine 44 mg, L-leu-
cine 80 mg, L-lysine 85 mg, DL-methionine 37 mg, DL-
phenylalanine 26 mg, L-proline 5 mg, DL-serine 61 mg,
DL-threonine 50 mg, L-tyrosine 20 mg, DL-tryptophan
5 mg, DL-valine 100 mg) nucleotides(adenylic acid 10
mg, guanylic acid 10 mg, uridylic acid 10 mg, cytidylic
acid 10 mg), salt mixture(MgS0,7H,0 2g, KNO; 10 mg,
K.HPO, 5mg, KH;PO, 5mg, Na-citrate 50 mg, FeCl,
0.23 mg, CaClL,7H,O 0.7 mg, MnSO,H,0 0.03 mg, ZnSO,
7H,0 0.044 mg, CuSO, 5H0 5 pg), glycerol 0.1g, tween
40 50 mg, growth factors(biotin 0.1 ug, folic acid 10 ug,
vitamin By, 0.02 pug), NaCl 2M, D.W. 100 m/, pH 7.0.

(A)

B)

Bike T Il aues B

Fig. 1. Scanning electron micrograph of the Halomo-
nas sp. ES 10 cultured with various concentration
of NaCl.

A:2M NaCl, B:4M NaCl

Table 4. Effects of antibiotics on growth of the Halo-
monas sp. ES 10 (0.D at 660 nm)

Concentration(ug/m/)
250 500

Antibiotics

700 1000 1300 1500
0.160 0.079 0.000 0.000 0.000 0.000

Chloramphenicol

Ampicillin 1159 0.954 0.179 0.141 0.120 0.135
Penicillin G 1.082 0.924 0.692 0.691 0479 0.506
Novobiocin 0.107 0.059 0.031 0.000 0.000 0.000
Tetracyclin 0.051 0.043 0.000 0.000 0.000 0.000
St’;egtomyc‘“e 1061 0.955 1.025 0.930 0.742 0.743
° 4

The Halomonas sp. ES 10 was cultured in TSSM®
¢ Temporary semisynthetic medium . Vitamine-free ca-
samino acid 2.0g, trytophan 0.005g, cysteine 0.01g, vita-
mins(biotin 1 ug, Ca-pantothenate 0.1 mg, choline 2 mg,
folic acid 10 g, inositol 1.7 mg, niacin 1.25 mg, p-ami-
nobenzoic acid 6 pg, pyridoxine-HCl 35 pg, riboflavin
0.15 mg, thiamine-HCI 40 pg, vitamine B, 0.01 pg/100
ml), nucleic acid bases(adenine 1mg, guanine 1mg,
cytosine 1 mg, uracil 1 mg, thymine 1 mg/100 m/), metal
ion(FeSOy + 7H,0 0.25 mg, CuSO, - 5H,0 0.2 mg, ZnSO,
. 7H20 0.22 mg, MHSO4 M 4-6H20 20 ug, COCIz . 6H20
30 pg/100 mf), KCl 0.2g, MgSO, - 7TH,0 2.0g, NaCl 2 M,
D.W 100 m/, pH 7.0.
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Table 5. Comparison of intracellular Na*, K* and Mg?* content in the cell mass of the Halomonas sp.

ES 10 and general bacteria

) Metal ions Na* K* Mg?*
Strains (mg/dry weight, g) (mg/dry weight, g) (mg/dry weight, g
E. coli 55.8 6.5 0.73
B, subtilis 62.8 4.7 0.52
Halomonas sp. ES 10 319.0 128.2 229

Halomonas sp. ES 10 was cultured in SGC medium containing 1M NaCl and

in nutrient broth containing 0.5M NaCl.
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Fig. 2. Effect of NaCl concentration on the protease
production by the Halomonas sp. ES 10 incubated
at 30°C for 84 hrs.

Basal medium was Norberg and Hofsten medium.
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Fig. 3. Effect of temperature on the protease produc-
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Production of alkaline protease by the moderate halophile, Halomonas sp.

ES 10

Chan-Jo Kim, Kyo-Chang Kim* Man-Jin Oh and Seong-Hyun Choi(Department of Food
Technology, Chungnam National University, Taejeon 305-335, Korea, *Department of Food
Technology, Chungbuk National University, Cheongju 360-763, Korea)

Abstract | A moderate halophile, ES 10 which produces a high level of alkaline protease
was isolated from the salted anchovies and indentified as a strain of Halomonas sp. The
optimum growth of the Halomonas sp. was revealed in the presence of 2M NaCl and
its growth rate in the Temporary Synthetic Medium was increased by adding DL-alanine,
but inhibited by adding L-proline. The concentration of Na*, K* and Mg** in the cell
mass of the Halomonas sp. ES 10 was 5-, 25- and 35-fold higher by dry weight basis,
respectively than those of B, subtilis or E. coli. Norberg and Hofsten medium with 1M
NaCl was selected as the best medium for producing high level of alkaline protease. The
optimum temperature for the growth and protease production was equally 20C.



