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The investigation on optimal culture conditions and ice nucleating activity of

hacterium Xanthomonas translucens KCTC-2751

Young-mun Kim

Department of Biotechnology and Bioengineering, (iraduate School.

Pukyong National University

ABSTRACT

The optimal culture conditions for ice nucleating activity and cell
growth of Xanthomonas translucens KCTC-2751 were investigated. The
strain was well grown in culture medium containing 1.0% maltose, 1.2%
yeast extract, 0.8% digested of gelatin, 0.03% KCl. Optimal pH and
temperature was 6.5 and 25T.

Ice nucleation bacterium Xanthomonas translucens KCTC-2751 showed a
high ice nucleating activity and the supercooling temperature of the
cell suspension was increased (-1.47T) which compared with the control
solution (-7.6C). Moreover, the supercooling time of the control
solution (18 minutes) was reduced 86% to 2.5 minutes by the addition of
the cells.

Ice nucleating activity was effected environmental condition such as
culture temperature, initial pH, and culture time than nutritional
conditions.

Ice nucleating activity decreased at temperature above 307 and after

stationary phase.

Key words: Ice nucleating activity, Xanthomonas translucens, Supercooling time.

Optimum, Supercooling temperature
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HEAZ F 25T A 3L w3t § 2 dnich Al vl g

Ade] g% A9k Difco Co. (USA)SRRE 9)3te] AHES

3. 9gd s F4

H"

3 1. Thermal couple2] XA 2 - W3y

thermoelectric  thermometrys A2 ©E&  F79 A4
(thermocouple)&] H#H ol w7 o= F 7FA o]/e] junction®] &
wabel olste] HFH7F A=Yl 1 A4S potentiometer® A
ahi= A a0l th(40, 41)(Figure 1). thermal electromotive force(e.m.f.)
& ="3%7] 938k AA¢l thermocouples Table 1914 &% W7t
Yo odste] &x FAe Agpetvy] i A TEe WAl W

ol i T types AA3ITH39, 40). Thermal electromotive force



Table 1. The temperature range and voltage range of each type
thermocouple
temperature  Voltage . .
Thermocouple . ) Error(C)
range(C)  range(nV)
=200 ~ 0 -5603 ~ 0 -0.02 ~ 0.04
T.y.l)e ']‘ : ——— —— = ———
Copper(+) vs Constantan(-) 0~ 400 0 ~20872 -0.03 ~ 003
B ) =210 ~ 0 -8995 ~ 0 -0.05 ~ 0.03
Type J - - i
Iron(+) vs Constatan(-) 0~ 760 0~ 42919 -0.04 ~0.04
. . -200 ~ 0 5891 ~ 0 -0.02 ~ 0.04
Type K : Nick-10% chromium(+) vs o ’
Nickel 5% ) ; - i
Nickel-5% aluminum and silicon(-) 0~ 500 0 ~ 2064 -005 ~ 0.04
; . ) R =200 ~ 0 -3999 ~ 0 -0.02 - 0.03
I'vpe E : Nickel-10% chromium(+) v
vs constantan(-) 0~ 600 0~ 20613 -0.02 ~ 003
I'vpe R : platinum-13% rhodium(+)
) -50 ~ 250 -226 ~ 1,293 -0.02 ~ 0.04
vs platinum(-)
Type S ¢ platinum-10% rhodium(+)

, 50 ~ 230
vs platinum(-)

{

-235 ~ 1,874 -0.02 0.02

* NIST -

National Institute of Standards and Technology
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of AL va Sy REY]wd A (NIST ¢ National Institute of
Standards and Technology, )¢l T-tvpe thermocouple?! thermoelectric
thermometry©] polynomial fit curve #7148 #31(50)% 332 NaCle]
Hukel wE APl Wt elgt Ao = polynomial linear

Ly

equations FHE o] Wl th(Figure 2, Table 2).

T = 0.02636 x E + 0.05669

T : Temperature (C)

E : Thermal electromotive force (LV)

3 2. Thermal insulation cell®] =} %}
insulator’:= Table. 4¢] o2} 7}%] @dA F 7baeo] tdsin dA
Lgol A wre 37FA EFo] @ ARl glass wool, YA WY A
B 2% Z$detEe Abgste vHEUUH42). thermal cell> 27
leme] o} ol H3S HAZIaL U] B2 insulator®
A 1A A el d3kab celle AlASATHA3). 1E] 3l insulatorét
brine &9zte] HEE W8ty fste] ofa™ o] FAlo] A 7A
lemel & £& F celld} @A Z HFigure 3). 712] 1, insulator
o] ¢+l 5 & Figure 4°1A] XM= nhep 7ho] 4A|7to] A ydtolr 2k
o] Wzlyl 0.08C HAxyle] Wbz 2&o4th. thermal cell(measure
junction)®  cooling bath(Jeio tech. RBC 20 scries)®] -20TC<!
brine(cthylene glycol 509%)el § 7} cell W3 §olo] 2% E FstAz o

11, potentiometer £+ Rikadenki HR-3312(Kogyvo Co., LTD)E A}-8-3t
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Figure 2. The standard curve of temperature by thermal

electromotive force



Table 2. The freezing point by the baume degree of NaCl

Specific  Baume Freezing point Thermoclectric force Temperature

gravity  degree C) (uVv) c)
1.05 7 —4_.4 : s -4.41
1.08 11 -7.5 -288.0 -7.42
1.10 13.2 -9.8 -377.5 -9.79
1.12 15.6 -12.2 -466.0 -12.12
1.15 18.9 -16.6 -631.0 -16.54
1.175 21.6 ~-21.2 -806.1 -21.21

Table 3. The temperature correction of the thermocouple

Standard Standard Measurement o .
) . . Variation(C)
___substance l_"__cmp__e__lf_atur_e_( c) Lem‘pe_‘rature( C)
[ce + Water 0 - 0.1 + 0.1
Eutectic point
- 21.2 - 21.2 + 0.1

of NaCl




Table 4. The density and heat conductivity of domestic thermal

insulation.
. . Density tHeat conductivity

Thermal insulation 3 .
(g/cm?) (kcal/mhC)
GGlass wool 0.01-0.04 0.028-0.043
Rock wool 0.03-0.10 0.024-0.029
Styrofoam 0.016-0.030 0.022-0.039
Plaster board 0.85-0.90 0.110-0.350

Urea form 0.01-0.02 0.025
Asbestos 0.08-0.14 0.022-0.039
Vermiculite 0.10-0.70 0.030-0.150
_Lalcium silicate 0.22 0.026-0.040

insulating material

(Gypsum plaster 0.89 0.350

Poly Urethane Foam 0.016-0.030 0.022-0.025

_10_
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o] thermal electromotive force®l 'Mabir FA 8 TE thermocouple®]
P10 BAL Table 3ol A xiznbel gro] SEsE-imofl Hlshol Al s
b 0.1°C7F #pol7b wrom g ZAtolA 0.1C 43 =Aste] R4St
Ak

ZHo 23] A AsLe] v RS A AsEA v 10u] 8 ste] As
ol A F¥wE EAT F o] dHENe] ImLE FHE kol
0.01(1x10" ] = xEZ3gt. 71 5 3mLe Ali% thermal cellol] ¥

thermocouples 3ol A 5mme| gol X3t $ insulator® cell

=

o] F912 vl Al A potentiometer i thermal clectromotive forces
3+l thermal cell& 10T circulatorell A HA|ZF E=ol 5o sample

egs

—_

Agel 2x7F 10C= 9
water : ethylene glycol = 50 @ 50 21 -20C cooling bathel i1
thermal electromotive force?] W3+E potentiometer® 7] 3}t X%
FARE AL WrbetA 28 FHS 3mLE AHESdlnh oldd F
A4y AnzYE do FAFMORRY HYzhARE, AR

FALE 5 E4stel WHBYSS vugs} SRk olw #Hyz

Figure 59 Zow oju AL %(TIE HAALEE,
wA% L7t Aeste] dASA A& g AR w3 o
W2 ws e Teek T.o A7 4855 Jadgdsel & 2

o i i 7}seh(44).
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ty t
Time
T, : Initial temperature
T, : Supercooling temperature
T, : Freezing temperature (nucleation temperature)
T, — T, : Degree of supercooling
t,: Time at 0°C
t, : Supercooling time

Figure 5. Typical freezing curve of solution material
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Absorbance at 660nm
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Carbon sources
Figure 6. The effect of various carbons sources on the growth

of Xanthomonas translucens KCTC-2751

Cells were grown for 25 hours at 25C with shaking in medium containing
0.3% beel extract, 0.5% peptone and 1.0% carbon source.

‘Cells were grown for 25 hours at 25C with shaking in medium containing
0.3% beef extract, 0.5% peptone.
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Figure 7. The effect of various carbons sources on the degree of

supercooling by Xanthomonas transiucens KCTC-2751

Cells were grown for 25 hours at 25°C with shaking in medium containing
0.3% beef extract. 0.5% peptone and 1.0% carbon source.

The cell concentration was adjusted to a A reading of 0.01. (3mL)

‘Cells were grown for 25 hours at 25C with shaking in medium containing

0.3% beef extract, 0.5% peptone
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Absorbance at 660nm

I 1 ! It I ! 1

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Concentration of maltose(%, w/v)

Figure 8. The effect of maltose concentration on the growth of

Xanthomonas transiucens KCTC-2751.

Cells were grown for 25 hours at 25C with shaking in medium
containing 0.3% beef extract, 0.5% peptone and each other

concentration of maltose.

_2OF
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ol A el A ol spx d4ade Hrhsh A, yeast extract?h
b wFAle] A Aol Holukul frela dpZb = proteose peptone,
digested of casein, yeast extract7} UTHZ HAYEHT =UdrHFigure
10). “rejma Ao A e ohvjel W EdAgdEol Holdt yeast
extractiz A Astgth 1e]r AAE yeast extract® 2LAGAZ F, UHE
AA959 "rrst Ay digested of gelatine] 71 w7t =L

proteose peptone¥} FAFgE H &) ghAd

A% veb A dHFigure 11, 12).

Tg HolwA v Holwt A A

digested of gelatin®] FTEE 1%2 314 A 7l % yeast extractZ 0~
1.6%9) wrda He A 12%ol4de wxdl uls A Az
o7} AL, 1.0%ol e AdZtexER fAEIGoRR  1.2%9]
yeast extract® A ez AAsAchFigure 13, 14). thF 2% yeast
extract® 12% 2 1A A7 3 digested of gelating 0~1.6%%] sE¥d=Z
H7EE A3 08%0) el A= wrAle] Aol Ao Ao, Ay

T5 o] ks x| ¢
T2 A A48 cHFigure 15).
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Absorbance at 660nm
w

2 L
1 L
0 | £, ] 2 oo 1 .
Bacto Yeast Meat Proteose  Tryptone Digested Urea Beef
peptone  extract extract ~ peptone peptone  of casein extract

Nitrogen sources

Figure 9. The effect of various nitrogen sources on the growth of

Xanthomonas transiucens KCTC-2751

Cells were grown for 25 hours at 25C with shaking in medium containing

1.0% maltose and 1.0% nitrogen source.
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Figure 10. The effect of various nitrogen sources on the degree of

supercooling by Xanthomonas translucens KCTC-2751

Cells were grown for 25 hours at 25C with shaking in medium
containing 1.0% maltose and 1.0% nitrogen source.

The cell concentration was adjusted to a Acey reading of 0.01(3ml.).
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Figure 11. The effect of combination of nitrogen sources on the

growth of Xanthomonas transiucens KCTC-2751

Cells were grown for 25 hours at 25C with shaking in medium containing

1.0% maltose, 1.0% veast extract and other 1.0% nitrogen source.
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Figure 12. The effect of combination of nitrogen sources on the

degree of supercooling by Xanthomonas trans/ucens

KCTC-2751

Cells were grown for 25 hours at 25°C with shaking in medium containing
1.0% maltose, 1.0% yeast extract and 1.0% other nitrogen source.

The cell concentration was adjusted to a Aseg reading of 0.01(3mL).
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Figure 13. The effect of yeast extract concentration on the

growth of Xanthomonas transiucens KCTC-2751

Cells were grown for 25 hours at 25C with shaking in medium containing
1.0% maltose, 1.0% digested of gelatin and each other concentration of
veast extract
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Figure 14. The effect of yeast extract concentration on the

degree of supercooling by

KCTC-2751

7
anthomonas translucens

Cells were grown for 25 hours at 25°C with shaking in medium containing

1.0% maltose, 1.0% digested of gelatin and each other concentration of

veast extract.

The cell concentration was adjusted to a A reading of 0.01(3mL).
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Figure 15. The effect of digested of gelatin concentration on

thegrowth of Xanthomonas transiucens KCTC-2751

Cells were grown for 25 hours at 25T with shaking in medium containing

1.0% maltose, 1.2% vyeast extract and each other concentration of digested
of gelatin.
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Figure 16. The effect of various inorganic salts on the growth of
Xanthomonas transiucens KCTC-2751

Cells were grown for 25 hours at 25°C with shaking in medium containing
1.0% maltose, 1.2% yeast extract and 0.8% digested of gelatin and 0.04%
norganic salt.
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Figure 17. The effect of various inorganic salts on the degree of

supercooling by Xanthomonas translucens KCTC-2751

Cells were grown for 25 hours at 25C with shaking in medium containing
1.0% maltose. 1.2% veast extract and 0.8% digested of gelatin and 0.04%
inorganic salt.

The cell concentration was adjusted to a Agsy reading of 0.01(3mL).

Cells were grown for 25 hours at 25T with shaking in medium containing

1.0% maltose. 1.2% yeast extract and 0.8% digested of gelatin.
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Figure 18. The effect of KCI concentration on the growth of
Xanthomonas transiucens KCTC-2751

Cells were grown for 25 hours at 25C with shaking in medium containing

1.0% maltose, 1.2% yeast extract. 0,8% digested of gelatin and each other
concentration of KCI.
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Figure 19. The effect of various initial pll on the growth of

Xanthomonas translucens KCTC-2751

Cells were grown for 25 hours at 25C with shaking in medium containing
1.0% maltose, 1.2% veast extract. 0.8% digested of gelatin 0.03% of KCI

and each initial pH.

__33_



0 L
-2 -
©
T
5
z 40
S
L
=7
E
h
[
-6 -
-8 ! L 1 1 1

0 5 10 15 20

Super-cooling time(min)

—O— pHA4S —¢— pl70
- p- pH 5.0 ->- pHTS
—-m-- PpHS3S -~ pHS8O
—&— pH60 -@- pHS8S
---y-- pHo65

Figure 20. The effect of wvarious initial pH on the degree of

supercooling by Xanthomonas translucens KCTC -2751

Cells were grown for 25 hours at 25T with shaking in medium containing
1.0% maltose, 1.2% veast extract. 0.8% digested of gelatin 0.03% of KCI
and each initial pH.

The cell concentration was adjusted to a Ags reading of 0.01(3mL).
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Figure 21. The effect of various temperature on the cell

growth
and ice nucleating activity of Xanthomonas transiucens
KCTC-2751

Cells were grown for 25 hours at various temperature with shaking in
medium  containing 1.0% maltose., 1.2% yeast extract, 0,8% digested of
gelatin 0.03% of KCI and initial pH6.5

The cell concentration was adjusted to a Agi reading of 0.01(3mL).
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Figure 22. The relationship between the growth curve and the ice

nucleating activity of Xanthomonas translucens KCTC

-2751 under the optimal culture conditions
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Figure 23. The effect of the cell concentration on the degree of
supercooling at the addition of Xanthomonas translucens

KCTC-2751

The cell concentration was diluted from Asio.
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