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Abstract

In separating cells from CGTase fermentation broths, high recovery (98.7%) was obtained by diafiltra-
tion using spiral-wound type membrane. The flux was increased effectively by increasing the flow rate,
temperature, and molecular cut-off size for the recovery of CGTase. On the other hand, the flux was
decreased by increasing the protein concentration and pH. In a batchwise operation, the system suffered
from a severe fouling problem, which was relieved drastically by applying diafiltration and backflushing
technique, although the technique increased the permeate volume. By starting diafiltration after concen-
trating the broth to specific concentration, the minimum level of permeate volume was achieved.
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M =

Cyclodextrin  glucanotransferase(EC  2.4.1.19: 1,4-0-
glucan 4-(-D-(1,4-glucano) transferase, cyclizing
CGTase)x= A¥-2 7122 3 cyclodextrin(CDY& 4§
2F3l=  intramolecular transglycosylation ¥H-$-(cycliza-
tion), CDS} th& FFe}e] intermolecular glycosylation
HH-3-(coupling) & CD % ZF¢| 783 v8 &
Zullsh= E42AM Bacillus circulans, B. macerans, B.
megaterium, B. ohbensis, B. stearothermophilus, B.
subtilis, Klebsiella oxytoga, Micrococcus sp., Thermo-
anaerobacter sp. ‘59 v|QE 23t i)
(Dalmia er al., 1995; Yamamoto er al, 2000). =
v BEE o] &3 CGTase A4 AL falMes AX
9] & (extracellular enzyme)?] CGTaseE E-&Fo|3L
AR Wy o g EalEeshe ol We- Fasi
ol& E3ld AW CGTaser CD Aol AME-E|of
A tHYamamoto et al., 2000).
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FEuGY o RE FA4 B € 54 35 Al A
E¥oz diiey dutsrge] geo)] AMEEX
AL} olE2 FEjEo] WAL ds3kg]o] o8-
™ aerosol, filter cake o] FAHE ©Hol U}
(Jeong et al, 1989). °|&i% EAHES sHdsl7] 9
gl Hoe 2ol Tslx, & £l 4% o
WA "ol yithe s 7 Rz AEEEH
Age] He] 4 Hed felgh el 7led o3 #
A ® F48F 4ol @93 AFEI Qv E
3 ol9] 43¢l A4 ut FH9] sublayer FA] B
fouling @402 2%t FAT fluxe] HAZE Ustd B
£ Aokg wolsiti(Jeong ef al., 1989; Kim¥# Chung,
1989). 2&v A M2 AF o HEH cross-
flow filtration 71€¢] 3822 flux b FAE 4T
3] sjdsled 2 S8Vt B8] §EL UTHChen,
1997; Voigt et al., 1999; lee et al, 2000; Lee et
al., 2000a). 2ol fouling A4S AAYY, KPA #
% 2 59 R 4Fe €8S woengz ol
23t &4 249 Ao 43 A 4 UrhJeong
et al., 1989; Strathmann, 1985; Bowen, 1933; Patel
et al, 1987; Kuo®t Cheryan, 1983). A3 <2 A
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28 Astd THEeld] HEAHS e e Y
£ diafiltration®] ©}(Cheryan,1998). Diafiltration< per-
meation=| = FHE9] E& retentate (concentrate)o] F
F3led £o2MN foulingg A3 A7l FAll &
FAEY H4EE g5 Wyl a8y o] W

& F71E Bl o3t 9 9 23 AT K
87t sojue ©AEE 7R Sl

E dFoME CGTase HE HigfliogRE 4
AA 8 g4 B Al 2] fouling Aol g Hg
QAo thhed ARSI diafiltrationel] )& @A A
el Aga ool ¥ CGTase ¥ W39
A 1 E3o] it

Mz W UH

F

100 A% EFHAEFZRE CGTase AUATE ¥
sxgd e ¥ HEHHR agar plate oA 9 clear
zone B4%5L viwsle 13 AEd ¥ MEsz
Weke B3 7k BelaFe AUiE vindly 365E
221 A, 23 AEE 58 5 L gERAA
st §, E4E AA s &9 WSEA (pH, 2
T, g4, CD 24 5) ¥ %8 54¢ A 3
on, o]&& sl MRig 7FsAol U Bacillus
sp. AR oFE AEs o] #FE BCDY A
Aol X, HE Yy & EFo] Ut

IR B St

5L HE2E o)g3td WA ® g =1 HAg
A¥9e FYsAch dad, d4d, FIdRe =
3 AYZAL AT H 2102 06% soluble
starch, 0.6% yeast extract, 0.6% bacto peptone,
0.16% ammonium chloride, 0.2% potassium pho-
sphate dibasic, 0.01% antifoam B emulsion®] %178
Ack. wikzA HZHSIE Qs WYF pH, ISR,
7%, e 2218 4R J3 2HeRe
pH 80, ¥l 30°C, THFEE 400 rpm, 7% |
vvm °|ith. 5 L L& HH3 270 7|2 0L ¥
BRAAM E2QNE FYst o B dHed ol
sttt Eae] AL 50°ColX Kitahatat Okada %
H(197490 3t FA 83Tt

Membrane moduie
Ao AlEE module & V|F Koch Membrane
System INC.AFS} spiral-wound type module(Model:

PROTO-SEP IV)ol®} @ ¥@HL 023 m’ oAt} &
A AAE 9% microfiltration® 7§ 02 um filter
(polysulfoney® AMR-8IM o™ MEL F4U CGTase
3474l 2§ molecular cut-off size(*|&: polysuifone)
10,000(10 K)&+ 30,00030 K)9| ¥ 71A& AMgs
o} B3 fluxs AlE @eloietz)e] T HE ] g
permeate ¥ 2 AAHAHLAmM). ZE 4P 33
ol Ax HAg Azl Hae HaHoh

e g Nty

Microfiltration0l] 2|8t =3 &2

gujglo g Re A AAE A% SEe A &
Y (retentate)e] 2 FF flo) A&Ho FHE
the BE9] Aole w59 HE 71 ¥ fouling
of ot fluxyt F&3] A "t olg 27 9
o E diafilration® HEY F$ fluxd] F712
uhe] o]§ HE&S FolU Be iz <l B
g &4 Mg TEdled 2oF A9 ¥ F
teteg 39 AR FAHY Rt F7kEA 8o
(Scott, 1988; Mahenc er al, 1986). WA «ofe) =
7HE A8 AFIEAM B hxE ARk WEeE
3|82 vHEEle} diafiltration® AYH FHFg D&
ARt B84 =REe]e)l 339 diafilrationd
3 z+ gAY flux ¥ ¥ Za 348 Fig 29
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Fig. 1. Schematic illustration of discontinnous diafiltration.
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Fig. 2. Flux profiles of different operating modes in
microfiltraion.
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Fig. 391 z}z} UYehiith Ml E9] 849 CGTase 3]
7o A% B wEed og #4 AA A
527% &4 BEE den 13, 23, 33 A
diafiltrationd A3} 2tz 753, 885, 98.7% Fd 3F
-2 Ao 330 ZH3 diafiltration 23} tiFRe] &4
g A28 Besid A58 5 AUtk B flux
Wsh= A< gel polarization limited behaviorg X
o &7) 2YAZF Bkl FHE Zasle] o) ALY
of st YA FAEeH diafiltraton A)H-2
oo fdo| YFEA FRIEE A AlREIE

Beioiziol 28t 4 2B2lA| flux0l CHEE HEFRIX}

Transmembrane pressure

Permeate fluxoll th$} tansmembrane pressure(TMP)
o] FEg Yolny) YsiA TMB ¥slol] W& fluxE
24319t} Fig. 40lA Hie viel o] ghilae] &
A3 G ASEFHNE fluxs TMP 7o )
#sle] F718la] gel polarization o] Hojxl &
v Gld (2.3 mg/mLp] SAske A9 AHAHA gel
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Fig. 3. CGTase recovery of different operating modes in
microfiltraion. 1: batch, 2: one times diafiltration, 3: two
times diafiltration, 4: three times diafiltration.
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Fig. 4. Effect of transmembrane pressure on the flux.
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Fig. 5. Effect of protein concentration on the flux.
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Fig. 6. Effect of temperature on the flux.
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Fig, 7. Effect of flow rate on the flux.
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Fig. 8. Effect of pH on the flux.

o] Bigt H3pel o] el WE Axel i
o] 7I1%t Aeg FAHE). & A7e] A 4°Col H]
ata] FL20°CelIN 2JE F9 flux FEANA 42%
Z7He Bt webr Fihel d HEE Ty
7Fedt 52 2xoM BEEE dAEke Ao #E
T Aoz WIETE pHe Fig. 894 Hi= e} 7ho)
|d9o pH/t ZAATFE fluxe 2318 /e ¢
T STt o)#d BAFL pH W] wE 84 W o
27k EE9 &= Aol Z|Qldle Aoz ¥
Z  Slth(Cheryan3} Merin, 1981; Kuo%} Cheryan,
1983). o]5ol ejshH f-oio] pHIF F7hetd &4 Wi
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Fig. 9. Effect of molecular cut-off size on the flux.
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Fig. 10. Effect of backflushing on the flux.

4(E3] calcium phosphate)& 2] &a =7} 7Ha sl
insoluble FelZ 2 HHo] E2H o] fluxE A7)
= 98F 3A "t B dFAe= potassium
phosphate®] 8= Ao 7198le Aoz AgsH
o}, £3%] Cheryans} Merin(1981)e 2 EH 2 x-ray
48 B8l ol dHEq.

4=

FYUEEE cross-flow filirationo|l M £a3 488
e WS E(Kuo 9 Cheryan, 1983; Jeong er al,
1989), &= Flol wet 8 flux F7F EHE
Fig. 7°1M & = AAth. #9)e3} A] gel polarization
o] A7l o]¥dde FUKEY Frld 93l fluxE F
7INE F dded ole #U%E7l concentration
polarization®]\} membrane fouling & ZHZA7ed &
A7F 2tkKim3} Chung, 1989).

Molecular cut-off size

99l molecular cut-off size ¥= F2|H}A| ALEEHE
9] molecular cut-off size?} F7HEFE Fig. 9914
He ble} Zol fluxe 5718kl Molecular cut-off
size 10,0000 Y13l molecular cut-off size 30,0009
S fluxes A 35% F71e O, dfoge] AL
AR 5-10% 4= F7HH.

Backflushing

ot EAolM F2 fouling FAR At FAHEE
98 backflushing §2.2H flixE EF & gL A
282 #BIEHKimH Chung, 1989) 3 A<
backflushing®. & =+9] fouling &A1& sldstaz} 319
o} A 158 F< 2AEe) uhe E3g ol
£ AMgiA 38 B9 backflushingdhs A& WHE3kod
3 F7)(cycle)el A HAEHCL ol 39H, TMP
¥ 04 kgflem®, 28] backflushing 5-3& 27 L ©)
At} Fig. 10014 2e bk} 7o) 3 F7] (cycle)E &
A fuxe HAHLR 7k 7hAEHE AL Ho
F71e AT L FlA Y backflushing®] E3-E
B AYe sl 808 5 dsid.

2 ¢

AL 542 CGTase 359 3% 3E4 9 K
o o5 A AA A 527% IAFEL dUeH 1
3, 23], 339 AA diafiltrationdt Z3A 27 753%,
88.5%, 98.7% 3|¢&& Qo] 3z A diafiltration
A gREe] A4E FHNERYH Bsle T 4§
AU BAI5E A FAHe) FE & R4

ES 2%, 2 molecular cut-off size, %2 pHolAM ¥
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2 fluxE B Fer fouling FEF protein FE
7 BETE B f&o] HETE A7 Ao o
Ebstct. ol21d fouling Aol ¥ flux Zide
diafiltration} backflushing®] 2§02 &3] 9314
Z & SJ%Avt. Diafiitration®} backflushing®] €3+ &4
3¢ Al Z71HE HEste ARts 54 5274
FEAL F A o] ZHYGAIZH o] R
g H4s8 £ AUt
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