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Immobilization of Microorganisms

Part 1. Preparation of Immobilized Lactobacillus bulgaricus

Kang-Heup Lee

Department of Chemistry, Inha University, Inchon, Korea

Abstract

The immobilization of Lactobacillus bulgaricus was investigated by various method,
e.g. by use of polyacrylamide gel and Al-, Ca-, Fe- or Mg-alginate beads, and the most
active immobilized cells were obtained by entrapment in a Ca-alginate beads. These
immobilized microbial cells, when introduced into 4.5% lactose solution and whey
solution showed maximum relative activity of 28% or lactose solution and 18% for
whey solution as measured against the native microbial reference standard (100).
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1. % #H
Acrylamide, N,N’-methylene-bis-acrylamide
{MBA), N,N,N’,N’-tetramethylethylenediamine
(TEMED), (APS),
sodium alginate, aluminium chloride, calcium

ammonium persulfate

<chloride, ferric chloride, magnesium chloride
3 lactose &= BEH(LE =& MXAEH 1F =
= BRAES 192 A443tgdd. whey & AS
H5,(#) KETH cheese plantelj A AlFubel
WO wtel BRERF 2Eskd fkstd o

2.8 #

GEX Btk 2= Lactobacillus bulgaricus & A&
AL FAA e AETEFAANA LFder B
gl o] MEiEEsI 4.

fars « Pederson!?9] uldle)] &35t 500ml
5 ZSHASgL3d T.G.Y. (Tryptone glucose
yeast extract) medium o] Na-thioglycolate 0.5
%%E A7 EFi 200ml & @3 121°C, 157
ot AFF W AFea 37°C, 2447 BER
FEsalq ot

ol B WHEMLRE L v 5,000 r.p.m. ¢
A 30 &7+ @yksts physiological saline 200m!
2 AH, FEiksld EEoz stgch. olHe 4
BB (viable cell count)i= optical density (.6~
1.0¢] = Al physiological saline o2 343}
skl ot

3. E#%e Ak
1) Polyacrylamide gel ¥ : o 4 &F¢] acrylamide
<} MBA & 4359 BolaKd &g &4 ¢
A%(P: 38% acrylamide+5% MBA $-3 20
mi)e) 5% APS-§ 3 25% TEMED g4 7
7 1ml 4 shsta ok $EREE 1ml & JHREE,
D’Souza & Nadkarni® 9] w}yjel] F3le] 33}
Ak, AT gel & o 2rmm® W &j7t HA At
st 2EFFTE A F, 1~4°CalA 2

shed Ao Phslgle.
2) Metal alginate bead ¥ : §tREiHh 1mi 4
2 &g 2% sodium alginate §-8 50ml & =
2 1%¢] AICl;, CaCl,, .FeCl, 5 MgCl, &

300ml o) HHEE 53l Morikawa®e] uby 4
3t 47 fTeka, B4=E bead & 55
o BEFFFE AR F, 1~4°Col4 Bas}
o A fhalgll.

4. Lactose 25|48

250ml 75 =FATeATd 3.414 Alzg BE
{LEHE 9%, 4.5% lactose-§ x: ¥
whey & 50ml!4& #47 stsla 27 pHE 6.0
o2 ¥, 37°CL3°C 2 fAs A FE, 244
A5 &g AN G F4E shskd Hed
o] WrAgsigh

5. 2SiEtde] BRE

A9 404 Bl 8L BMEY F1E
N/50 NaOH &< o 2 Friedman & Graeser'®
9] wge) 3l WESG o, T AR 9
T 4 EBAEE H9 4.9 Fo] FA7
g slod N/50 NaOH & 4] gfof] 2 gt BEE ] A
s st A 93 E4dASE
100 o2 3 HEg2A AdA FAE el gl
.
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1. BE#el Bk
1) Polyacrylamide gel(PAA gel)zioy] 2|t
EEfk etk
PAA gelwjo] olq EE(LEK Al 24|, acryl-
amide 3 MBA Fxed =& 4.5% lactose &
9 lactose E3] A&ol} o3k AA FAYL Table
15 Z
Table 1 o} A ®wl Ardl" Z-Alo] Acrylamide
S+ MBA 8] Fxo| web Aolsl glu sHd GE
g Ao] A7 Acrylamide 38% % MBA 5%4
Wy}, ol& gelftel gk AATx FAo] X
ol dgg dete e & 4 geon, ©Wed
AR daledle 2 "Ae] B3k A3 18% = A
A3 Assla g BFa ge. ole TH
uhgo] wrduk3o 2 Y FHEHLI deldda
AAAH, detA 719, L2V A AdA &
Aol 70%9 Aoz Bol B Hikel4d Hi B
HA g Wz ¢4 PAA gelyld 93t
sEits L. bulgaricus &) A%, EE{dd oz
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Table 1.

FxelA ez 349,

Lactose decomposition effect of
L. bulgaricus immobilized with
various concentration of acryl-
amide and MBA.

MBA
(%)

Acryl amide
(%)

25

Relative activity*
(%)

13
16
10

14
18
11

12
14
9

38

50

S SO O Ul

* Total activity in intact cells before en-
trapment was taken as 100.

2) Metal alginate bead 0
a) Bead 34
wJBHEe) AICL;, CaCl,, FeCl; d
& 77}9] Metal alginate bead ] &)
29} 2ot

Table 2. Result of bead formation in metal

olst BB

MgCle} 9|
A= Table

alginate gel.

Gelation reagent Result
AlCl, good
CaCl, fairly good
FeCl, good, colored
MgCl, no beads formed

Table 2\ A4 B 7}%} Fz g
o=}, Mg el 74 A=A &
CIEY:- k) sodium alginate s}¢] 3} 4
Aol d¢S Yebx ut. =3t Fel@d 7
- SR Aoz Adsel geold Ao
H5gk Al @i sl 2 oSl gle] AlRH
Ta 2.

b) 7% bead ¥ lactose 3] A&

Metal alginate bead o] & A 2§ 3%
[EE/LE#H: bead o] 4.5%lactose g8} lactose
£ Adle] A% A ZAL Table 33 2o,

Table 34 el $HEHY TR #Hepix
AH "R 2 Aolst dar, A s AL

Table 3. Lactose decomposition by immobi-
lized L. bulgaricus: relative activ-
ity of several immobilized bead

forms.
Carrier Relative activity*
(%)
Al-alginate bead 18
Ca-alginate bead 28

Fe-alginate bead trace

*Total activity in intact cells before en-
trapment was taken as 100.

Caiolvh, AEd vstele 224 £} 28%
2A St e Atel gtk def Cayd
A o] 2R LAY EREALE B algin i
oAl ol fzaal
A zbe] v}, algin el 4+ pyranose Fo] <k 90°
4Eg Atstn glolA zigragihem EFela
AT BAIEY D FdaE Aoz AT

c) Bead %if%% lactose 2] A&

Ca-alginate bead [EE(LEMRS KT #E
4.5% lactose 298 9] lactose s} Ao 93t A+
WA A2 Table 44 2},

Table 4. Effect of immobilized Ca-alginate

chain & Z A7l cta

bead diameter on lactose decom-

position.

Diameter of immeobilized
Ca-alginate bead (m/m)

Relative activity*

(%)

24
28
23

*Total activity in intact cells before en-
trapment was taken as 100.

Table 4 o) 4 2™
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HE 4AARAE

O
be aRARS B2 g o) AL S
Az 24% 4 9 94 o L HE o
% o ‘a%;% 44237} selek ¢ Az Az
=8

2. Whey Fzjalg
4.5% lactose 24 9] lactose -5} A& A s 713
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2L AFAE gL WK 2m/me Ca-alginate g,
bead 2 Al 28 BE/LEHA % whey A4
g A3 Table 59} 2},
2EXM
Table 5. Lactose decomposition result in
whey by immobilized L. bulgaricus.
1. TH—8 : BEtEEER, By A=v71
) Relative activity(%) 747, HE(1975) .
Carrier L. bulgaricus ?ﬁfﬁ&?;‘; 2, Tésa, T. et al.: Enzymologia, 31: 214
- : (1966)
é‘;‘ﬂi’gf}l‘:fed bv(;,;tél 18 9 trace 8. Mosbach, K. and Mosbach, R.: Acta Chem.
(diameter 2m/m) Scand., 20 : 2807 (1966)
Intact cells 100 - - 4. D’Souza, S.F. and Nadkarni, G.B.: Enzyme
Microb. Technol., 2:217 (1980)
Table 5614 2w whey# g 4R8 A%, # 5. Yamane, T. et al.: Biotechnol. Bioeng.,
& AEAY AdiA ZRe] Az 18%EA 4.5% 21 : 2183 (1979)
lactose &4 9] lactose s} Aol A 8] 4elA 2 6. Morikawa, Y. et al.: Biotechnol. Bioeng.,
4 33 28%9 dlstE Ardd Astd Asle] 21: 261 (1979)
gdon, AALANE FAs] 2 B o] Fisld 7. Karube, 1. et al.: Biotechnol. Bioeng., 22:

23 AALAGE oln] T B4
dch. o] A3tz ¥®l whey A Bob BEASG S
2% shh, Bhe Y dlAd EEES) zeld
ez gste Aoz FE4A4. 2oy A
LA gdAGe Ao, EELIT AR A
& AW Ae] weotx ALY FRE EF
shrzd B4d + gleAd, R H % %3}
A geta sheleks, PAA gel gd] ¥t 4
Aoz k%3 Aolmz L. bulgaricus 9
Ca-alginate bead o] &3 EE{kE 7t5
i A 5.

Toz & ATE TU% Yol A€ol
Fzst AgAd dd EEd FA ALd -5
S af oA S A A4 E¢ BT
U
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Lactobacillus bulgaricus B9 FEEib ke
Z4 polyacrylamide gel 7 Al-, Ca-, Fe- ®
Mg-alginate bead o] ojdle] FEEslz o]F 7}
A BAYo] 2L AL Ca-alginate bead o] g} o
B&E 2m/m 2 A A7) Ca-alginate bead 2 [F
EAZ) Eke A%, 4.5% lactose g 7
whey o} 4 ] lactose X8 4% 7, AP #
g Ay g4 44 Az 28% % 18%

o
—

221 (1980}

8. Martin, C.K.A. and Perlman, D.: Biotech-
nol. Bioeng., 18 : 217 (1976)

9. Toda, K.: Biotechnol. Bioeng., 17 :1729%
(1975)

10. Dineli, D.: Proc. Biochem., 7:9 (1972)

11. Vieth, W.R. et al.: Biotechnol. Bioeng.,
15 : 565 (1973)

12. Kennedy, J.F. et al.: Nature, 261:242
(1976)

13. Petre, D. et al.: Biotechnol. Bioeng. 20 :
27 (1978)

14. Takeda, I. et al.: Enzyme Microb. Technol.
2: 81 (1980)

15. Tosa, T. et al.: Appl. Microbiol., 27 : 878
1974)

16. Merck: Handbook of Microbiology, p.66
(1965)

17. Pederson, C.S. and Albury, M.N.: Appl.
Microbiol., 4 (5) : 259(1956)
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(ed.), 2nd Ed., p.438, Academic Press,
N.Y. (1970)
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