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The Investigation on the Optimum Culture Conditions and the Ice Nucleating
Activity of Bacterium Xanthomonas translucens KCTC 2751

Young-Mun Kim, Sung-Il Kang, Young-Boo Jang, Byung-Jin Jun, and Jai-Yul Kong*
Department of Biotechnology & Bioengeering, Pukyong National University

Abstract The optimum culture conditions for the ice nucleating activity and the cell growth of Xanthomonas translicens
KCTC 2751 were investigated. The optimum initial pH and temperature for the cell growth and the ice nucleating activity
were 6.5 and 25°C, respectively. The optimum culture medium for the ice nucleating activity was composed of 1.0%
maltose, 1.4% yeast extract, 0.8% digested of gelatin, and 0.03% KCl in distilled water. Freezing operations carried out
on distilled water showed that the degrees of supercooling were —7.90°C without ice nucleators, —1.56°C with silver iodide
as a commercial ice nucleator, and —1.36°C when Xanthomonas transiucens KCTC 2751 were added. During progressive
freeze-concentration assays, the addition of Xanthomonas translucens KCTC 2751 led to lower saccharose concentrations
in the crystals, while the cells led to higher saccharose concetrations in the concentrated phase.
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Fig. 1. The schematic diagram of thermoelectric thermometry
and thermal insulation cell.
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Fig. 2. The typical freezing curve of solution material.
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Table 1. Effects of various carbon sources on the cell growth and the degree of supercooling of Xanthomonas translucens KCTC 2751

Carbon source Cell growth (0.D.)" T-T, (°C)Y t, (sec)
Control 2.140+0.080 -1.76 £0.13 224 +18
Glucose 2.150£0.070 -2.00+0.15 256+ 21
Fructose 2.200 = 0.050 -2.05+0.16 270 +22
Sucrose 2.435+0.060 -5.80+£0.23 857+32
Maltose 2.505+0.050 -1.80+£0.12 22817
Lactose 2.125+0.080 -2.10+0.18 276 +25

Galactose 1.990 £ 0.040 -6.46 +0.22 892 +£30
Citric acid 0.470 = 0.060 -3.13£0.25 408+ 5
water -7.90+0.11 1130+ 16

DCells were grown for 25 hours at 25°C with shaking in nutrient medium containing 1.0% carbon source.
PThe degree of supercooling. The concentration of test sample was adjusted to a O.D. .0 reading of 0.01 (3 mL).
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Fig. 3. Effects of maltose concentration on the cell growth and
the degree of supercooling of Xanthomonas translucens KCTC
2751. Cells were grown for 25 hr at 25°C with shaking in
nutrient medium containing each other concentration of
maltose. @: cell growth at O.D.,, [J: degree of supercooling.
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Table 2. Effects of various nitrogen sources on the cell growth and the degree of supercooling of Xanthomonas translucens KCTC 2751

Nitrogen source Cell growth (O.D.)" T-T, (°C)? t, (sec)
Bacto peptone 2.550+0.200 -322+0.16 443 £ 19
Yeast extract 4.890 & 0.300 -2.38+0.13 313£16
Meat extract 1.720 £ 0.130 -346+0.10 458+ 12
Proteose peptone 3.100 +0.220 -2.34+0.12 309+ 14
Tryptone peptone 2.905+0.190 -2.90+0.17 380+20
Digested of casein 1.665+0.110 -2.52+0.15 333+ 18
Digested of gelatin 3.070+0.120 -2.29+0.20 297+ 24
Urea 0.021 £ 0.004 -7.30+0.14 1034+ 17
Beef extract 1.395+£0.120 -3.16=0.2 1422 £25
Water -7.90+£0.11 1130+ 16

UCells were grown for 25 hr at 25°C with shaking in distilled water containing 1.0% maltose and 1.0% nitrogen source.
“The degree of supercooling. The concentration of test sample was adjusted to a O.D.,, reading of 0.01 (3 mL).
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Table 3. Effects of various nitrogen sources and yeast extract in combination on the cell growth and the degree of supercooling of

Xanthomonas translucens KCTC 2751

Nitrogen source Cell growth (O.D.4,)" T-T, °C)? t, (sec)
Bacto peptone 6.060 £ 0.200 -1.92+0.17 245+20
Meat extract 6.740 + 0.230 -1.57+0.12 200+ 14
Proteose peptone 6.610+ 0.260 -1.39+0.11 174+ 12
Tryptone peptone 7.200 + 0.280 -1.81+£0.15 234+ 18
Digested of casein 7250+0.270 -1.59+0.14 21217
Digested of gelatin 7.700 = 0.300 -141+0.11 182+13
Urea 0.058 £ 0.010 -7.10+0.16 1010+ 19
Beef extract 6.620+0.210 -1.70+0.18 222+22
Water -7.90+0.11 1130+ 16

UCells were grown for 25 hr at 25°C with shaking in medium containing 1.0% maltose, 1.0% yeast extract and 1.0% the other nitrogen source.
“The degree of supercooling. The concentration of test sample was adjusted to a O.D.¢, reading of 0.01 (3 mL).
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growth and the degree of supercooling of Xanthomonas
translucens KCTC 2751. Cells were grown for 25 hr at 25°C with
shaking in medium containing 1.0% maltose, 1.4% yeast extract
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Table 4. Effects of various inorganic salts on the cell growth and the degree of supercooling of Xanthomonas translucens KCTC 2751

Inorganic salt Cell growth (0.D.,)" T T, (°C)? t, (sec)
Control 8.520£0.130 -1.36£0.15 175+ 18
KCl 9.300 £0.160 -1.35+£0.13 174+ 16
MgCL - 6H,0 8.740 + 0.150 142+0.15 182+ 18
CaCl, 8.230+£0.120 -1.57+0.12 210+ 14
FeSQ, 10.800 £0.390 -1.70+0.18 222+£22
K,PO, 8.920 £ 0.160 -1.76 £ 0.15 233+ 18
NaCl 8.600 = 0.160 -1.94+£0.16 258+ 19
MnSQO, * 4H,0 4,950 £ 0.300 -1.80+£0.14 240+ 17
Na,HPO, 8.080+0.230 -1.35+0.14 173+ 18
Water -7.90+0.11 1130+ 16

"Cells were grown for 25 hr at 25°C with shaking in medium containing 1.0% maltose, 1.4% yeast extract, 0.8% digested gelatin and 0.04%

inorganic salt.

PThe degree of supercooling. The concentration of test sample was adjusted to a 0.D.g, reading of 0.01 (3 mL).
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Fig. 6. Effects of KCI concentration on the cell growth and the
degree of supercooling of Xanthomonas translucens KCTC 2751.
Cells were grown for 25 hr at 25°C with shaking in medium
containing 1.0% maltose, 1.4% yeast extract, 0.8% digested
gelatin and each other concentration of KCl. @: cell growth at
0.D., [J: degree of supercooling.

12 -l
ST ; s 5
g 'r 3
S o 2
= 8 1t ow
§7- 5-§
s 67 16 £
by @
= 17 g
B o4t z
] 8 B

dl g

2 1° E?

1f 1-10 &

oL e ' L 2 ' f L L s -1

45 50 55 60 75 80 85

pH

Fig. 7. Effects of various initial pH on the cell growth and the
degree of supercooling of Xanthomonas translucens KCTC 2751.
Cells were grown for 25 hr at 25°C with shaking in medium
containing 1.0% maltose, 1.4% yeast extract, 0.8% digested

gelatin, 0.03% KCl and each initial pH. @: cell growth at O.D.,
[1: degree of supercooling.
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Table 5. Comparisons between the degree of supercooling of X.
transiucens KCTC 2751 and the silver iodide

Conditions TE£TO (°C)P ts (sec)
Water -7.90+£0.11 1130+ 16

Water + Agl -1.56+0.18 210+22
Water + X, translucens® -1.36£0.16 172+ 19

YThe degree of supercooling.
AThe concentration of test sample was adjusted to a 0.D., reading of
0.01 (3 mL).
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Fig. 10. The evolution of the concentration of saccharose during the crystallization step, in the unfrozen fraction and in the frozen
fraction with addition of X. translucens KCTC 2751 (A) and without addition of X. franslucens KCTC 2751 (B). The coolant temperature

was —10°C and stirring speed was 200 rpm.
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