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ABSTRACT

Optimization of fermentation process on the producing
EPS and inhibition of Helicobacter pylori urease with Lactic
acid bacteria Isolated from Kimchi

Joe lim
Advisor : Prof. Lee, Jung-Heon, Ph.D.
Department of Chemical Engineering.

Graduate School of Chosun University

The  pro-biotic  lactic acid bacteria used to  produce EPS
(Exo-polysaccharide) and inhibited He/icobacter pylori urease. Many thesis
didn’t report optimization of fermentation process using MRS broth
components. Some thesis used industrial broth, optimized the  culture
conditions for lactic acid bacteria isolated from Kimchi.

In this research tried to optimize MRS broth components for improving
production and decreasing the broth cost at laboratory. We used two finds
of lactic acid bacteria isolated from Kimchi. The one is producing
EPS(Exo-polysaccharide) with lactic acid bacteria isolated from Kimchi. We
were already optimized culture conditions using MRS broth components.
The optimal broth components were peptone 1 g/L, yeast extract 0.5 g/L,
ammonium citrate 2 g/L, sodium acetate 1 g/L, dipotassium phosphate 1
g/L and optimal temperature and pH for growth and EPS production in
batch cultivation were found to be 30T and 6.5, respectively. There was
100rpm agitation and the optimum aeration was between the 1.0~2.0 vvm.

The suitable sucrose concentration was 30 g/L for both lactic acid bacteria
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growth and EPS production. Using these conditions the maximum cell
mass and EPS production were 512 g/L and 0.5 g/L in the batch
cultivation. Using these conditions we started fed batch cultivation. The
feeding medium was condensed by 10times, and we supplied substrate by
1 mL/min after 12hr. The cell growth and exo-polysaccharide production
have been improved as cultivation time goes by. We increase the agitation
speed between 100~150 rpm, because of decreasing oxygen concentration
in a fermenter. These conditions were fit in cell growth and
exo-polysaccharide production. The maximum cell growth was 13.6 g/L
and exo-polysaccharide was 7.21 g/L. For considering substrate decreases,
we used DO stat method.

At the second research we have been studied inhibition of ZAelicobacter
pylori urease of lactic acid bacteria isolated from Kimchi. Using batch
reactor and micro plate reader, we have found out optimal conditions for
second /Jactic acid bacteria. In the batch reactor system, the optimum
aeration rate was lvvm at the initial pH 6.0 and 37C. For the agitation
speed, we have used stational cultivation. The maximum cell mass was
516 g/L. With these conditions we have developed fed batch
fermentation. Using DO stat control method, we were supplied substrate
by 5 mL/min after 16hr, and condensed medium by 10times. There was
no agitation speed, just controlled aeration between 1~2vvm. The
maximum cell growth was 10.9 g/L.

At the third research we have been found the Zacfobaci/lus strains isolated
from fermented Kimchi produced /4. pylori urease inhibitor which is not known
by far. The inhibition types of enzymes kinetics was competitive inhibition with
substrate urea and the inhibition constant was estimated from experimental

data. The enzyme kinetic parameters of urease were 6.743 x 10° mM/min for

_|X_



Vm and 0.257 mMfor Km. With the increase of protein concentration in culture
broth, the enzyme reaction was decreased. The change of Km was proportional
to inhibitor concentration and we determined that the enzyme kinetics follows
competitive inhibition and its inhibition constant Ki is 7.57 mg/1. The /. pylori
urease inhibitor production with Zac/obacil/lus fermentation was 46 mg/1 and its

production was greatly improved with fed batch fermentation.
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Table 1. Medium composition for lactic acid bacteria isolated from #zc/ir

Component Concentration (g/L)
Sucrose 30
Yeast extract 5
Peptone 10
(NH4)2CsHOy 2
NaCH30; 5
MgSO, 0.1
MnSO, 0.1
HK,O4P 2

Initial pH 6.5
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Figure 17. Schematic diagram of fed batch fermentation process
with stirred tank (37°C, pH 6.0)
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2 AFlAe & wiF 2E 10%%) HF 98 300 mL Eeh23 @ A
o] 100 mL §¥HE¢] 121ColA 1583 o & 27| pHE 602 3ta ¥+
%3l Shaking incubator(30°C, A Xl )l Al 18A1ZF HigFS F  Micro
plate reader v el HF3ATE 2% 30CANA A=A wjgstAt. g7 A
Fdolles & g TE 10% HE d& F /W) 300 mL EehsA 2
mL¥ wEo] Ed £ 2 A HFsAH. £ #Fe] pHE 6.0

0
9L SEE 30CE AT wHEEE 100~200 rpm &2 UL F7)

2-1.AX 5%, @9 d g5 9 glucose % FH

AEZ sE= UV/VIS 239 EFEA(UV-1601PC; Shimadzu Corp., Kyoto,
Japan).= ©] &3t 600nmolA SAIF T FFE 3k 1.09 WS He A AF

0.76g/1 BA A& o] &3t A AFS SAHsATH Ta HE2 ImlE F 8t A4
st AHgsld o g4 ¢ X E DNS(dinitrosalicylic acid)¥ 2 ©]43}%1
lbovine serum albuming ©] &3t EF GHAFHS 50| LowryH S o] &

st @l d =

it
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AstAc g A TN FF == 280nmE AT}
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2-2. urease 4

Fluka(Germany)Z ¥ ¥ 31 U/mg i A urease(EC 3.5.1.5, from Jack Beans)E
At HEPES, urea 18] i1 2-ketoglutaric4t Sigma Chemical Co., St. Louis, MO
ZHEE 3} H 3 glutamate dehydrogenase® NADH+ Boehringer-Mannheim
S 2HY AN Helicobacter pylori urease= Dr H. Mobley of the University of
Maryland, School of Medicine, Baltimore, MDZ % ¥ 3} %}
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Urease €4 -20.02M HEPES (N-(2-hydroxyethyl)-piperazine-N’-2-ethanesulfonic
acid)buffer(pH 7.2, 37°C) 0.8ml°ll 10mM a-ketoglutarate, 25 mg/mL glutamate
dehydrogenase 40uL, 250 uM NADH ¢} 1 mM ureaE & 33} 415% 7 ¥E-g A1 7]
T A B dE Yo} F = indophenol™ (Srienc et al., 1984)S ©] &3} =4 gt}
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HEPES, pH 7.0, &% 25Coll A 13 = Aot vl el ol o] g+ A sl vk-&-2 27k A A3
A 2=85S o] &3t et th 3 WAl Al =8lol glo] A uread A3l A, urease
(0.0125mg/cm’)& Y11 ¥H&S 27138} stk F WA Al 2"l Qloj ] EAE
A A oF 42 F 207 25 C Al A ¥k Al § A& Fo] urea(50mM)S H o]

HES AR T 5 7FA Al 2E oA 27] BES AZES 2A t=022 A ARl aL wh-S
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Ao = R Yol T E ZA3Y ) Sigma plot 9.0 ZZ1H S o] &3] =1

313 A & sE AP HolHE A A ()l
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A5 F3ed 100 ul 20 mM sodium phosphate buffer (pH 6.5, 100 mM urea <}
0.005% phenol red E3H) 9} 3027 42 2% 3toll A 1E-E A 2] & micro plate

readerE AFE31] 540nmol A SFE=E =A 3N

4231 2EE

EEEEE

5L %E zdA g4 d s BE dAMA BSES A9 EW Figure 20.

2 2EE 30CE At W8S BW glucose 55 30 g/L 2 39S 24

Azbel FA He HUE 48g/L7A =2t AW 20 g/L o Wole
2047 @ A2 32 g/L A4 B2 & pasdd 94 9 BEE 40 g/L
2 Qe o #A FL AU 35 g/Le AYT 2047 o] FREHE AN

Bastdr. 28w F4%57 = debdt e ABSAAE Ui 9

_48_



Glucose concentration (g/l)

50

40

)
/

300..

N
o

=
o
1

- —@— 209/
=< - O 309/l
v TTTwL —W- 409/
. O \\\
O W
\V\\\
O Y

5 10 15 20
Time (hr)

Figure 20. Effect of glucose decrease on cell growth
(30C, pH6.0)
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Figure 21. Effect of cell mass on cell growth (30C, pH6.0)

_50_



12. 2429 59 & A EA
U AE AR Jojr] =23 dxtel AAY AR Fxd wE AZ E

qE oY F7RLYOE peptoned} yeast extractd] FEY FFES
Yol ZAit= Figure 22. 23. & Zt} peptoned FEWIE dolr 7| 93t
o Micro plate reader 7]7]5 ©] &3t 2% 30CNA =& 1 g/L, 2 g/L,
3 g/L, 4g/L, 5¢g/L & H3tE Fo] HA xS LdolEidtt. HAa )
A FE AL ves A

2A 7t =R peptone FEE 5 g/LE 3 HES W FFE7F 08524 7}
Atk o= HA peptone®] FE7F 2 g/LY Wl £ AFNA AR € fF
9tk o] Z3E  Eon-Hwan Sihn® A&
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T
& peptone 6 g/LZ AAfA4td LHEE 1F & A vlee He Fx

o
peptoneS 2 W7 A HA o =g dTt. thE F71AA YUY yeast extract
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£ 9%tk °l& Eon-Hwan Sihn™ 2 #4bF wEA AL 8 H3F
yeast extract % 3 g/L# FAFSFH I 600 nmollA S H A3 Bo S
st F7] AAY (NH4)2C6H607E AAaYoz Abg3ste] fAabtu) ol
lojr e HAse
99 F=7F 2 g/LeldREHE 4FE=rE =gA vesth 05 g/l 1
g/LE ® wustd AFaEC] 1 g/Le] £ 237 ety 2499 F
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Figure 22. Effect of peptone concentration on cell growth(30C)
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Figure 23. Effect of yeast extract on cell growth (30C)
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Figure 24. Effect of ammonium citrate concentration on cell growth(3
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Figure 25. Effect of dipotassium phosphate concentration on cell
growth(30C)
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Figure 26. Effect of sodium acetate concentration on cell growth(30C)
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Figure27. Effect of temperature on cell growth (pH6.0)

_59_



Dry cell mass (g/l)

0 5 10 15 20

Time (hr)

Figure 28. Effect of pH on cell growth (30C)
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Figure 29. Effect of agitation speed of fermenter on cell growth.
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Figure 30. Batch cultivation of lactic acid bacteria isolated from
Kimchi(37C, pH6.0)
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Figure 31. Time courses of the lactic acid bacteria growth using

fed batch cultivation(37°C, pH6.0)
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Figure 32. (a) The changes of initial urea degradation rate with the changes of
urea concentration. (b) LineweaverBurk plots for determining urease
Vm and Ku values. The initial urea degradation rate was measured at
30°C, pH 6.8. The enzyme concentration was 6.667 mg/l. Where, the
slope of linear least square fit is 38.14 and y intercept is 148.3.

_68_



g da el AT

s

3. urease 58 A 9 o

]

3|

g olg

Al
o

3} 94 T}, Michaelis-Menten

Kizs 44

st 24 292

?_

KX
=

7 Vm 3ES Lineweaver-Burk& 21 o] A& A1 A Ki 3t

A 7F A A A A& vkg-ol 1] A uread] ¥

3
R

A
20
o
0SS
Bl
—~
file)

3
-~

i

—=
o

Vil S]

ds

(2)

RESRE

_69_



1N (mMM/min)™

0.4

AN
800 - 0.3 4
\
& 0.2
| |
01 - ‘
00 I I I |
600 - @

N

o

o
|

/ O 0mg/l protein

200 - ’ A 10 mg/l protein
[0 2.0 mg/l protein
<> 4.0 mg/l protein

T T T
0 4 8 12

1/S (mMm)™*

Figure 33. LineweaverBurk plots for inhibition of Zactobaci/lus culture
broth on urease for the degradation of urea at 30°C, pH 6.8.
Concentration of protein in culture broth for curves was 0, 1,
2, and 4 mg/1, respectively; the enzyme concentration 6.667
mg/l. The inset represents the plot of apparent Michaelis
constant (Kn) versus the concentration of protein in culture
broth for determining the inhibition constant. The line was

drawn using linear least-squares fit.
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Table 2. Determination of urease inhibition coeéint by

changing inhibitor concentration.

No inhibitor ! mg(l 2 mg./I 4 mg./l
protein protein protein
Intercept(1/\h) 148.3 145.1 147.9 142.4
Slope(Kn/Vm) 38.1 42.2 47.8 56.4
K 0.257 0.291 0.323 0.396
[I/K 0 0.132 0.258 0.540
Ki - 7.56 7.75 7.41
Average K 7.57 mg/l (protein base)

K : Apparent Michaelis constant
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Figure 34. The changes of ammonium concentration by urease for different
urease inhibitor concentration. Lines represent the computer
simulation value and symbols experimentally measured ammonium
concentration after 15 min. The inset represents the plot of linear
relation between urease inhibitor and produced ammonium

concentration. The line was drawn using linear least-squares fit.
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Figure 35. Time courses of thactic acid bacteria growth using fedbatch
cultivation (pH6.0, 37)
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