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ABSTRACT

Escherichia coli was inoculated in calcium alginate capsules and cultivated to prepare encapsulat-
ed whole cell f-galactosidase. The dry cell weight in the capsule reached 100 g/I. based on the
inner space of the capsule. The activity of the encapsulated whole cell f-galactosidase increased
with the dry cell weight increase during cultivation in the production medium. The activity of the
encapsulated whole cell F-galactosidase was increased 25% by adding 2x107* M Zn*? ion in the
production medium and 10% by coencapsulating with 2% (v/v) sunflower seed oil. The activity of
encapsulated whole cell F-galactosidase produced in the concentric air lift reactor in which kja
was 82/hr was 86% higher than that in the shaking flask incubator where k;a was 2.55/hr.
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Fo] wi¢ w3 8] nAsbtgde] 7hug AAel
Ak (1).

ol &S] Ao 2= celites o] EdHol| ¥
HufoFste wh, beadWfol] entrapdti= W, cap-
sule Yo zlf-8Ae) encapsulationdts HHY,
hollow fiber Wj¥-ol] A3} 5} wbe] So] gt} o]
Zo] 4 bead W¥-o entrapdle who] 7} BH
Mo g AHE-EI glovt, beadE FA3tE REAE
Aol 7|AA BEuEel v|EE FHu|R 25% ol
A 3ASA A gle dAHo] AUnk(2). =3 bead
Well o] 4E& nAstelekste A4 w|Eo| bead
gto 2 aje] 1o m bead WiRollxe] EA o Ak
o] FA7E Siek oo uistey Aeo] At A
€9 o = Wi ke] v¢ Heow AT
Aol Ao 2 =z}, Lime 19844 2A1y o
2 Aevid FEAZE nAssl ddT i)
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2 AYarsgeh(3). 2Tl Wang §& 1A
e ptetgn(4) oFt ZEREA
& olgsle] EEANEE mAssY GAdFFAE
YAsLAcH(5). Beadel] SEAEZE 1A3G A5
WArE G AdFEA7L RSk ER)ehAE, A
&9 AL AAE FAFFAI et 1F
8 Z3o] ¥tk FEAZo vl3tef o 50~100
W Az Aag AR e AR TAsE
# 2ol Cheong Sl gJste] A= s|sith(6-8). A&
W&ol Saccharomyces cerevisiae® A3} wloks}to
AUy AzFego] 300g/Lol Batoion A
ol ujekadlatol o] FFAzr} st rh(6). Wi
Aze] FFAst g Pely AE 2
53R ojetge] AL 143} beadd] A9
A9 stk (7). L-lysineg MAtste Coryne
bacterium glutamicume TR S wloFste 7+
AUl sjekdabole) FFAR} SHFAE X
oA Az meba AEud-e] udE A
zZeke 200g/Lel 23tAct(8).

olet e AeWRe uldE nAIYPS o3t
of AAL 54 AT AEE AZY F A& Aol
t. &, 245 AN 5 e PIAES AeARA
AZEs T A 2 gabeRlel A ol &S ek
3t} AU TEEE FHAch o] 2
o g 2z A AL FA4 A L¥=
o AT 148t £4E FulE F & Aold 7
A} E2 A= recombinant celld AHE3H 22 FF/
o) 245 AE A AT 23 ¢ ok 9
#4] 2 7oA recombinant cell2A 7Ha
2] A}2-E3 Q) Escherichia coliy AH3LL lac-
toseS 7|AE Alg3led Aol HAE Fgalacto-

N

Table 1. Composition of growth and production media for E. coli.
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sidase® TASeTAL d4o) 2o ©E A EAS
FAps A} g

AE 2

o3 ¥ x|

B AT A FFE [galactosidased A
Ast= E coli(KCTC 1116)3} E. colilATCC
53323)™ Zt7t §-AFFATA 2 KAIST 2%
A Z R E Hobilo} Ag-atg(r). g4 glu-
cose?) FTo| WE E coli®) Aaorel 58 a3l
7] 85 AAHal|e} AREE E. ocolig) W H-ol f-ga-
lactosidase® ZHs}7] g AabaA]e] AL

Table 13} 7t}

HEMZE Y MME 54 DS ahy

Calcium alginate 7€ A=+ Cheong(6)<]
uhl e Abg-shoitt. AW A& autoclaved| M Ha
% & laminar flow chamberol|4] 30mL<2] A7l
Aol FF5 AHZ3grt. Shaking incubatorel] 4
37°C, 140rpmo) ZZ0 2 24417 AAAZ F wf
kol 10mL& 3 stod 3600rpme] AAlE2] 7|4
1087 58 A8t 225§ 100mL
9] CaCl, £ 247+ 38 F, 2F4AE A
31 9= sodium alginate §ool uF-gub-g Woi
w A JAF A7 224 2mm 2 0.2mm<e) T
o] A& Azsac. Ax" Aeg AH o
22204 1087 A"stz pH 7.2¢] HEPES %
Zgoloj 2] 108 Fok 570

Ao 3FH E coliF T5EE AAA717]
93} lactose B.otm w]A A&7} whE glucose

(g/L)

E. cli{KCTC 1116)

E. ali{ ATCC 53323)

Composition Growth medium Production medium Growth medium Production medium
GMIGM2GM3GM4AGMS5

Yeast Extract 10 10 10 10 10 2 5 2

NaCl 10 10 10 10 10 10

Peptone 5 5

Glucose 10 20 30 40

CaCl: 10 10 10 10 10 10 10 10

CaCOs 50 50 50 50 50 50 50 50

Lactose 10 10

Tryptone 10 10 10 10 10 10

Beef Extract 5 5
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Fig. 1. Schematic presentation of flask incubator and
concentric air lift reactor.
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oA A3} A Az Fig. 1o Jepd Z
2tz ZIetulek7|2} concentric air lift reactorel| 4]
Zbzt wlek 9 EASAAYEE Bk Air lift re-
actorz FEZ AREUT R Zojg} 2B
7}z 15, demol Y RFE 5, 2emeold). vhe7| 2
Tu 5= 371+ glass woold} filterd o]23}o] =
BT fEs Wuol gk 2 49

ks Suo) 2E2AA S ¥ E 2H5] 9
3t DO meter(TPS Electronics, Austria)2 o]
£3t3ict. A g do o} AxAE A4 Bujika
ARAS, kiat wHAdepga gassing in
methodE AR8-3te] FAa g}, wix]&do] A
U ekl AL Al A2 AR e
TNE FAHEA AzbelatE £E24L0 BrE
A%kl LabgEel 4244559 Ao tigl
ZhdlogE A7kl disted plotstz 2 7)¢7)24 k
as ‘?‘8}'31‘:}

UNEFYH U 54 86T &3

Weks 1A QLI RE wjokdod An fe
< uAEY MATE SAs5t9ch. AAulA] 50mL
ol vEe] EH A 30715 Aetuokr)e) QYo
¥, WAZtele} iz 2mLe &3] 10°~10%)
54 o, JdAZ AAFEE 71132 Y& hemo-
cytometer(BRANL, German)$je] £& % 3t
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Qo] (CARL ZEISS JENA, German)& o|43}
MEEF AEZHE Ao Yok A8 )4
A8ttt Hemocytometere] 7+ 748 207+
HAFE Aok =3 v gEo] A3
& 24217 e el A wleksln A4
A Aol FA AEZRE wEr)Z Ao
e UlBEY MATE $o TG Yo =
dat et

e AT A3 A ¥EY Y&
Aol A wlokat 39 Aeg
AA 24417t Az F, F A9 AzEA 3
Aeli-o] v AE
Z7)el|A Az% o 204)7k0) AstH HAZTH
o ol taslA da dAY Z+e Jehglh =
g Aol 13 ojdEe Azt w9l (g/L)
< Ae & ) HE2 olAE AzEegd gg A
U9 B E Jehygic).

F-galactosidase®] #A T Lederbergsl wh
(9)& A&t ZAslodt. 5mMe ONPG(o-
nitrophenyl-A-galactopyranoside) 7]24- 10mL
< 60CE dlegc}. Fuld AAER2 nA3 A
€ 3078E 93 60 CAA A5k 230rpmo
RHEA1 F FWA71HA IM Na,CO; 49 10mL
T 7hA e AAAR o2 408 wag
F3=& UV-VIS spectrophotometer(Shimadazu
1201) & *H3-3ted H4 420nmo A A8t &
% =2} ONP(o-nitrophenol) %o 2tz g o)
&3t BATE AAtsigltt. 13 H4o) ONPG
Z27H ONP 1M $34)7]= 45 E 1unito
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Glucose 5T &%

Glucose =& PGO enzyme(Sigma, No. 510-
A)E A3t sk Sample £4& 7004
3 Mete] 349 4o 0.5mL2} combined enzyme
-color reagent solution 5mL< 37 A|&3bel
I 37CAA 3083 ¥h-3-A)171 & UV-VIS sphec-
trophotometer(Shimadazu 1201) & A}-£3}e] 450
nmej4 ODE &#%1 OD-glucose ZAeZAe
]88} glucose F=& AAbstoic).

A3 g 03

DIMES MY 9 MEIUEq
Celle] A44ksl= F 47} endoenzyme = exo-
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Table 2. S-Galactosidase activity in the broth
solution

bt ol Activity (unit)
ion
roth solutlon - (ATCC 53323) E. cli(KCTC 1116)

Supertanant 0.032 0
Precipitate 0 0012

Table 3. Effect of growth medium compositions
on the dry cell weight of encapsulated
E. col{KCTC 1116).

Dry cell weight of encapsulated cells (g/L of capsule)
GM1 GM2 GM3 GM4  GMs5
1 2955 39.18

2 131.27 60.83 48.80 8591 39.17
3 12143  47.08 47.42 323 3368

Day

enzyme?] FHE ZAE 7} s E coli{ ATCC
53323)¢+ E. colil( KCTC 1116)& A7Aufx|e} A4k
Aol 4 ek A SATE YRR A
A=zl Mol o 2 b thg Fgalactosidase &
HNEE &A4stdct. 2 AgE Table 29 o] E
colil ATCC 53323)-& exoenzyme$ E. coli( KCTC
1116)¢ endoenzymes Aatstgict. £ dAt+= K
coliZ o|4q HME TAH A& 7|2dT 3
st Algn]AEe) WS endoenzymed A4
&= E. colil(KCTC 1116)9 &A3sich.

Table 1o 2ozl AAu}z] 50mLell E. coli
(KCTC 1116) FF7F A%% 3074e] A€E ¥
Wjeks e o, A7tel wWE AgUre nAE X
%2ko| Table 33 Zth. vjdES] Wy AZFTH
ulE Agxe] Hggtolth. ujgEE LB wA
GM1 iAol A 713 o) AAshs A& ¢ 5 3
t}. 28 iR AR 39 glucosert TEE GM2,
GM3, GM4, GM5 #f=|el| A wjekg 3td, AWy
o wlAEo] zetAet glucoser} g GMIL wj=|o|
e ol gl Fig. 29 Apalel M} 7] g 2%
woj| 22xlo] 2kt 9ok Glucosert e GM1
R e 3 o|EY AZFego] HHEAH
A zZbzb 219.24, 2361g/LE vehT Sl ol=
o] Eo] A& R HReo] Aejch @A
Bo] o EA o4 zletA HH HweA dejH
Ut 23.61g/Le] S ujAEo] "ejx vrpr] A
A 219.24g/Lo] HE AR g Hch. GM3 ]
Z A gl AFH E. coliT weksts Ft o

Fig. 2. State of encapsulated E. coli after being
cultured in the growth medium GM 1(left)
and GM3(right) for 48hours.

Glucose concentration (g /L)
Dry cell weight (g /L)

Time (hr)

Fig. 3. Glucose consumption and dry cell weight
of encapsulated E. coli cultured in the
growth medium GM3.

%29 glucose ¥= ZFael wel AeiF-o) =4
2 AzFAL Fig. 3049} o] F£3) F71EE
Vel 2 o)t

X3 ojME 2 siYonte| 22

129 Aee Al AFE v¥=EE AL
Aol 4 Wepst A% Al slste] Ss) A
2k, 7). 2t ZU7F 05~2mm HEQ
Corynebacterium glutamicume ¥W¥5 Ae=E &
sto} wixgdoz 2w v} A=A HAUTH(E).
SEM A12] 2323} A% Ewe) pore 4730 of
3~4m AE7h sl Bl 2o FA7k 100un
Ae7h 52 e pored] tortuisity 7} lHiEtm
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Fig. 4. Number of cells leaked from mature cap-
sule precultivated in the growth medium
GM3 for 24hours and immature capsule
cultivated in the growth medium GM3.

Table 4. Activities of encapsulated whole cell 2
~galactosidase according to the compo-
sitions of growth medium.

Growth medium GM2 GM3 GM4 GM5
Dry cell weight(g/L) after 48hou- 60.83 48.80 8591 39.17
1s cultivation in growth med.

Dry cell weight(g/L) after 48hou- 86.11 86.11 11222 73.89
rs cultivation in production med.

Activity(unit/capsule) 0.097 0.184 0.108 0.119

Sejelol 26 g o 4+ Uit wekd A%
Wl B colig HZFste] sekals A4 Ay
o o4&l W40z n g sbsol Qou
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Y=0™EE £ col MME [-galactosidase A
x| =N e o

E. colizt %% A& Az GM3elA 29
7 ol¥E e 30704 pHY 6, 7, 8, 991 A4
3iA] 50mLe A wiokslgiet. AAbu)z|ol o] o2
Ao 71 & P-galactosidased] AL Bolo
o, Zt pHoll we} 0.17, 0.184, 0.178, 0.154 unit/
capsuleZ vjepytcl.

Table 1o Jehd GM2, GM3, GM4, GM52)
AR A S Aol A 48417 wiokE F, A&e AA
pH 7] At Aol A 48217} wloketod e 79 AAe
W £45 Bgalactosidases] AL Table 4
of Yehigich. ZAEE E. colie] AzFeEe GM4
A7) Al A 297 AR F AR R]ol] 4] wljok
& A7t 7 & o vehdAn, #3924
T GM3elA wiokst 4971 7 B4 Jebdo.
A7z GM4se} Ao 4 wiekstd E. colig)
Ae Wz Fee] 112.22g/LE wf$ =g} o]
Foll A Batul R A wjekets Fole 26.3g/L el
S7FbAl edsteh. AAelz] GM39} AAbulx]ol 4]
ekt 79 AxFee 86.11g/Loj Eabaix|ut A
Abif =] ol A wfoksl Bor ot AzFee 34.7g
/Leltt. Table 49 A3E Bl gy e 245
£ AAuAEY Jx FastA Aabu) Aol 4 u)
FHE F¢ FUHsEE uAEY ko] Bgalactosid-
ase?] BA ZAo of 2 9L 1)L & S 9}

aHol29e &7}

o| Y E2HE YA Bgalactosidases st
ohdat ckol 29 EAstol A o] o] &Eo] FATA
< AT uidAY|Z Aeer) g B} =
A vehde @Ag Barh(10). J2mE £ o7
e E colizk AZH A€ 307HE GM3 AJahu)
A 50mLell 4 297k wiokgt %, Zn*y Mg*? Co*?
9 F4olL F=7} 2x107*Mal pH 79] A4tuyz|
o4 297t wiFstadnt. AEWRol] $48 E coli
9 2xF% 2 Pgalactosidased] 4% BAe
Table 59} 2t} oo Matujz] Aol o)k 33k
3 7ol AAabuiRlol A wiokats Eob AL =
M= E coli AxFo] Z4E fgalactosidase
o 20| of ol Ao}, AR Zn'1E
WMo 2 Ao 24FE AzxZe 149
W, 49 BT E 1.258 27 2eu
Co™& Hriete 749e AzF% 2 549 SN

7 2.7 Zastect
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Table S. Effect of metal ions of the production medium on the activity
cell Fgalactosidase.

403

of the encapsulated whole

Additives

in the

prod. medium

Dry cell weight(g/L) of

encapsulated E. coli

in the growth medium

Dry cell weight(g/L)
increasement in the
production medium

Activity of the
whole cell enzyme
(unit/capsule)

Mg+2
Zn+2
CO+2

50.17
50.17
50.17
50.17

34.27
35.16
5094
17.60

0.186
0.198
0.232
0.130

@ with additives
O  without additives

] 888800000

e~Op

CL (mg /L)
k-
1

. o
0 T T T® 2o
0 50 100 150 200 250
Time (min)
Fig. 5. Consumption of dissolved oxygen by the en-
capsulated E. coli precultivated in the shak-
ing flask for 24hours.

sHl2t7 |72 #ot

Ae Pl TA8E E colic 3714 @Folth
wjekol o 2 HE AHWFERY ArAY £2E F7}
A717] $lgke] Abret AgHo| kgt siuietrlf
(1DE el E colifd 15T o o] A4
shebaich. ANz dplEbr)lE 3y 2%7)
Hz2 CaCl, 4 H7letd sfule}r]f7F Cally
ool o]z g BFAI A& o]Etth o]
o8l Ake M| ZA](6) nonionic surfactant
(Nonoxynol CH,C:H,(OC,H,)nOH)E 0.7g/L |
A A7V oA FUF S BHE U Al
Hieb7) e Wl Aed WlskA 4L Ae 100
AHe GM3 AAuix] 100mLe] F4J3ta 355
of ujo¥sty SAE E. colid) ey AxFHL
vzt 3257, 36.28g/Lolddch. o] AR ujoksl
NESS T A9 parafilm3} foil2 F& H2L

GM3 Aahullell &A AlZbel] @ A &
Atz 5 wistE &45te Fig. 59 veblsich
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Fig. 404 Azje} o] g9 E. coliv 5
Ak olhell= wiR|EAo B vt A] 947 wE
of, wjzl&AAte] LZAlLe] AaE e YR
E. coliel} &lste] 422" 7o 8 715" = ot &
Wb )58 R A% AeEe olagel 3
A Sk RS v AEE FFARL A
7 ok 127 o4& oA 2v=gid. F, dufebr)
WIE AETE BT Ao SHEE} 73
of 4= 9otk ARl A 247 iR Ae
bzl AFleta 297t wikgt A Ae
Wi 245 Fgalactosidased] BAL 47 0.
146, 0.160unit/capsuleo]g]tt. #rlet7]-4-5 £
H|E 2% el F45te Aets T AL
A 58 277 $909da ol Qlste e
B £A% Bgalactosidased] AL oF 10% F
7+= gl

tle wo o

Concentric Air Lift Reactor

B2FFol 33 oFof A & e Fig 19)
concentric air lift reactor Wol4 1A% Aes
wjekstsich. Ay L uhHe] HolA 7|&d gassing
in method® Z#3} v}, concentric air lift reac-
torell F7|& 5mL/sec® T3 Af FALLAD
A%, kad) gHe 82h™ 2 flask Wk 7\l A9 ke
Zt 255h" Br} 32ue) 2 & Boch Eehe3
wjek 719} concentric air lift reactore)] z+zk 100
mLe] 4olAst B, colizh AEY AeE 10044
93 sk Bekaz wprle Aol AR
o) Azl we} sera) $E4s FEI} 0
2 wojA o}, concentric air lift reactor ol 4
£ o 5A7}e] ARt ¥ & 1ppmo2A A3
9 55 FA3th F o)A e kA gEA



404

27} 1ppmE FA) == Abeol A F7]F o4 vjokd
02 o)t 4ag ¥ Wkl AEre
o]F 5o vjAFo] £RFIE Abr %9 A7} 2
T vehit. 371288 o2y yaga
ALGAT kart 718t AbaAdgde] 23 o AA
% sloh MpoiF el AasEsh E3EE Sppmi

£ A% 23 ko) ALe Ao £2
ek 22t ko ghol i 2o} wjoalo 2o} Ak
30| AobAL w4 rsnol slAx F
gopd vk Wi £EAk4E 0o] F Fojt)h
w2k 4] concentric air lift reactortol|4= E. coli
o Arg T FE3 TFE 5 A Sex
FZefk7Ie] GM3 AAulA| oA 2U7E wlekgt A
€ 100744 YAbeRA] 100mLA A9 A e St
23 ujeFriel 7|7} 5mL/secE TEHE con-
centric air lift reactore] F9&t1 27} wjoksly
o At $838 TEE A3, AU A] )
dsv T Aedltd £49 E colid) Az
< 57.7g/LEA flask ujef A-$-9] 23.3g/Lrch
148% 2] 3717F sdslch. AeRol 249 fga-
lactosidase 2] #A1L 0.271unit/capsule® A flask
#jok9} (.146unit/capsule Bt} 86% 9 Z712 B
At

FIRS

HAZ g2 A3t AEE Az 98ty
Eschericia colig calcium alginate 7jgujsd] A
Fot wioFstdct. B colid] AeWR AxFefo)
100g/Lell 2sloict. bAoA wfeksl= Fal
Aol A= vAEY o] BT E A
Wi-ol 4=l Bgalactosidased) BAT E9bch.
A Ao F&ole ZnttE 2x 107 M Hrlgke
2N Aelfel EH=e f-galactosidases] A
3 2% 2707 5 Asdeh. AEAEA Aule]
& FIH2 2% WHe 24 AEURe A5
+ f-galactosidase 2] 4L 10% 271212 4 Q)
sk, FAAADA S, kerd 255h7 Q) Zepasz
4l ke 82h™ ¢ concentric air lift reactor el
A A48} E. coliZ wfko 2y Aeuie] AHa
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