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w7l el A wjkdt 75 150-200%2] L-lysine Bibs= 5748 944 7 sdsith

Abstract—Fermentation characteristics of encapsulated Corynebacterium glutamicum using calcium alginate
membrane were investigated. The dissolution of calcium alginate capsule in the growth medium of bacteria
was prevented by adding 50 g CaCO; and 10 g CaCl; into one liter of growth medium. C. glutamicum encapsu-
lated at the inside of the capsule sneaked out through the pore of capsule wall membrane. However the
dried cell density in the capsule was maintained as 220 g// by increasing the concentration of yeast extract
to 10 g/l in the growth medium. We added a little amount of hemoglobin to the capsule core to increase
the oxygen transfer rate in the capsule. The production rate increased by 30% and the dried cell density
in the capsule decreased by 40%. The effect of hemoglobin was maintained for five batch runs. The concentra-
tion of L-lysine increased to about 150-200% by pumping 420 m! of air per minute in the reactor.
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Table 1. Compositions of growth and production media
for the Corynebacterium glutamicum[ 11]

Composition Production Growth
medium medium
D-glucose 100 g 45 g
MgSQ,:7H,0 04 g 025 g
FeS0,+7H,0 30 mg 10 mg
CaCl,+2H,0 10 g 10 g
(NH,),S0, 40 g 5¢g
K.HPO, 15 ¢ 05 g
KH,PO, 15 ¢ 05 g
L-threonine 500 mg
L-methionine 750 mg
Biotin 200 ug 10 pl
Thiamine+ HCI 200 pg
Yeast extract 20 g 1g
MnSO;-H,0 15 mg 8 mg
CaCO, 50 g 50 g

2-1. Yau= Y ojYEaN

Calcium-alginate 7§&# o AI4-5 A EE sodium
alginate(Yakuri, LOT 311304), CaCl,(Duksan, LOT
712101), xanthan gum(Sigma, 40H0742), silicone oil
(Shin-Etsu, KF-96) ¥ surfactante}c}.

o] Alzuh-e WA 0.6%(w/v) sodium alginate
Loe Fulsledr) =g £9 L 13 g2 calcium chlo-
ride¢} 0.234 g xanthan gum-& o] 0.5g9] surfac-
tantE Ar}3le] gHE calcium chloride €% w3}
irt. Bead #)Fol A2} ¥ 2 sodium alginate 8-94-&
& 3]44]17)2 976l calcium chloride &8 FA}7]
ZHE drope g Wo] majx (RFYe] AEe AR
st 8, 9].

A Well vAEE ZAHA 7= e oS 2
c}. A &l 2] & autoclaveol] Wil 155 ZotF H-FF% lam-
inar flow cabinetol] 4] 30 ml2] A 2wl x| o] Corynebacte-
rium glutamicum (KCTC 3027) & 55 %3}, Shak-
ing incubator WellA] 30C 140 rpme) 7o =2 <F 24
A7 A F o ]2 3mlg HHI F UAlEer)
(3,600 rpm) ol A C. glutamicumZS E-2)sjic}t. 3
A C. glutamicum3 50 mi2] calcium chloride £-24<j
e} C glutamicumo] 49} calcium chloride84-&
Abg-sle] gloll A A&l W o] mA3t YEd
Azgch ARl A 248 PES do C glutami-
cum-g A ZA| 215 A bl 2] o] A A AHgHC) B od-thol| A
AREE AabelA] 9 AJabel 2] = Table 13} #2e)
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Glucose =& PGO enzyme(Sigma, No. 510-
A& AHgstd ZA sttt Sample 49-% 70082
3]Xsled 3145 49 0.5 ml#} combined enzyme-color
reagent solution 5ml& 7 A| g el P51 37T off 4]
307 wF3-A171F UV-VIS spectro-photometer(Shi-
madzu 1201) 241 513 450 nmell 4 0.D.& &% sl
AFFAcZNE FRIZ FEE sk

L-lysine ¥ %+ Chinard®] #[10]& ¢| &3} =
Asledck 6 M H;PO, 0.4 mls} glacial acetic acid 0.6
mlE Aol E34HE Azsleich o] Ei4l 1mlof of
3te] ninhydrin 25 mg-g ¥ 7}3li 70C 742 71 3}ed
reagent solution-$ 5+5<ltl. Sampling tube Weol] ¥4
th4r 8- 1.0 ml3} reagent solution 1.0mlE 2 %,
sample tube & 100C ¢} YAF 25 & FA|3h= 2=
Well 4} 60871 B.313lich Sample tubeE 3-2F oA
nFe] ¥ F 1.0ml glacial acetic acidZS % 7}% o}-8-
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=5 FHatsksich
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Table 2. Effect of CaCl, concentration on the growth and
production rates on L-lysine production

CaCl, . Dry weight
(7)) Lrlysine(@/L-hr) (g/capsule- day)
Fermentation
time 1 day 2 day 3 day
0 0.100 0.028 0.006 0.00058
5 0.067 0.011 0.005 0.00058
10 0.046 0.014 0.002 0.00024
15 0.046 0.021 0.005 0.00024
20 0.113 0.016 0.005 0.00008
25 0.046 0.014 0.005 0.00008
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Fig. 1. SEM photograph of outer surface of capsule.
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Fig. 2. The effect of yeast extract on the dried cell weight

inside the capsule using encapsulated C. glutami-
cum.
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Fig. 3. The effect of yeast extract on glucose consumption
using encapsulated C. glutamicum.
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Fig. 4. The effect of yeast extract on L-lysine production
using encapsulated C. glutamicum.
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Fig. 5. The effect of hemoglobin on L-lysine production
and dry weight cells inside the capsule using encap-
sulated C. glutamicum.

(Hemo. 1: 0.05 g/l hemoglobin in the core, Hemo.
2: 0.05 g/l hemoglobin in the core and membrane,
Yeast extract: 1g/l)
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Fig. 6. The effect of encapsulated hemoglobin on the L-
lysine production and dry weight of cells inside the
capsule using the growth medium containing 10
g yeast extract per liter.
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Fig. 7. The preservation of hemoglobin effect on L-lysine
production and glucose consumption using encap-
sulated C. glutamicum.
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Fig. 8. The effect of air supply in the production medium
on the rate of L-lysine production using encapsula-
ted C. glutamicum.
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