s MEZESX| H5A H2E
Korean J. Biotechnol. Bioeng.
Vol. 5. No. 2. 141-149(1990)

B-glucosidases] nH3e} g4

re

g5y

%
7

_04

of 4 3ol &
EETEEE

Al sath et £707

fr o
=
o

o ok
:1_7 3

Immobilization of 5-glucosidase and properties of Immobilized Enzyme
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Kyungpook National University, Taegu 702-701, Korea

ABSTRACT

B-glucosidase derived from Aspergillus niger was immobilized by (1) covalent linkage on chitin and
chitosan with glutaraldehyde, (2) adsorption on DEAE-cellulose and Amberite IRA93 after succiny-
lation, and (3) entrapment on alginate and polyacrylamide gels with various cross linking agents, The
retention yield of 8-glucosidase immobilized on chitosan was 31.5% and operational stability was 69%
after continuous operation at column reactor(50°C at pH 4.8) for 15 days. The retention yield and
operational stability were 24.7% and 60% respectively, in adsorption on Amberite IRA 93, On the
other hand, the entrapment method by alginate and polyacrylamide gel was identified to be not
appropriate due to the continuous elution of immobilized A3-glucosidase. Optimum conditions for the
immobilization on chitosan were also studied with optimum pH of 4.8 and glutaraldehyde concentra-
tion of (0.4%(w/v). The properties and stability of immobilized /A-glucosidase are also investigted,
The conversion yield of cellobiose to glucose was also analyzed using the column type enzyme reactor
to evaluate the effectiveness of immobilized enzyme.
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anase (E.C.3.2.1.91) ¢ A-glucosidase(E.C.3.2.1.21) 9] A °“ THEAA ALL-slE Ao] FATAHL F7)|Ho
synergistic action®l] &3] APFFAH(1-4). 2 dA R ASAINAL, B vt 45 YAEdTE 29
Gz ol iR Adfd Bl Eh B A8 °ﬂ"1 Ea=gaka=d
B-glucosidase?] o] otate] A4 dglFe] 40~6 B-glucosidase®] A st the Hzo <A4(8)&
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AAFSE vb Qd e} B8 Desai G-2(9) Scyralidium lignicola
ol 1 A AkE B-glucosidase glumraldcnh\dcf‘ JhaEA
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Wl A fkel A%He $£EL AR2A
ey A vbal HAE Fvtsbel wAsHE Arzakd
3 Aol Roy $(12)¢] Myceliophthora thermophila
D14 F el B glucosidase s
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Burstand, alwaos
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orption, 7+ gel & ©1 83 entrapmentti FATE AL A
stalgdar, ugsty Ao HEAY mAb HESAUG

w nASH g4 columnd WSS 8519
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Agas ¢ 71d

w AF A AFE B-glucosidaset= Aspergillus niger
ANA FrefE AAE FE G4 Novozyme(Novo Co,
Denmark )9 3L, AHE 718 & cellobiose(Sigma Co.)ol A
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g % soluble protein &4

aarA Wl PGO(peroxidase-glucose
oxidase o-parainisidine) ¥ (13) 2.2 4 3 21, soluble
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gluaraldehyde 5 H7bstel v @480 F 4
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A &7 200mLe] 1% CaCl, g9 Pﬂoitta]tﬂ A] bead
HAstA shed
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Chitosan ¥HaJoll 314 8} B-glucosidase®)] W&l column
& b7l A cellobiose FREEE 1~10%, flowrated:
20~180ml. / hr{working vol: 130ml.)& W 3HA]7]HA
glucose ¥ 18-85 FAbsES U AME column® vb&7| =
water ]&d\LIO] WZE column reactor, water bath, peris-
taltic pump, 18] 4l flow rate contml]er(Spectra/(Ihrom
Flow Rate Controller, 1~300ml./ hr)& o] 5ol ¢},
AFLE column®] F17)3= 2.1X38em{working volume 1
30ml) gtk W3t chitosan $FA 9] void volume&- 10ml. /
gk a1 sl g4 §]"H 7 1% cellobiose 3
10ml / he8] flow rate 23 F=9)8te] 50Co A wH-&-AlA
glucose AFHgol Avto g Wujxe A58 a9t

2z 9 3@

Chitin % chitosan2 & 23 covalent linkage
of gt IH3
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Amberite ¥ DEAE-celuloseE 23t &&fol
ot 18
Soloman &(20) 9] succinylation method¥ 12918k
Amberite IRA93, DEAE-cellulose$} 7H& sHAlol o gt
are Ages ZatA 4 ekl succinic anhydride
o 7 AdEE AR, 05-5%(v /)7
AN BAE Addel pERgE AR
7"’}51 Fig. 13 7Fc} Succinic anhydride®] ARg-iko]
W/ )OI BSolis BRI T 80 S0
a0t 3 o4l SRANE Rin Aol 49
{j}ir]monﬂ 20, % 1]’ A e E i /l/do]Oj\L}
Table 2%= succinylationA] 7] &8 LA Q] anionic
exchange resin§]  Amberite IRA933 DEAL cellulose]
E2A1Zl Aot} SuccinylationA 7] F A5 Amberite
IRAG3el F 2N 2% Hdiel o4 9582 47%

Table 1. Immobilization of A-glucosidase on chitosan and chitin with or without glutaraldehyde.

Immobilized Activity Retention

enzyme activity yield of activity
Matrice "I'reatment (units) (%) (%)
Chitosan Glutaraldehyde 174 315 69.0
Chitosan None 28.0 63.3
Chitin Glutaraldehyde 14.5 26.2 60.0
Chitin None 124 224 5.1

Activity yield (afrer immobilized reaction) and retention of activity (after 15 days operation) were inverstigared in the

column type enzyme reactor using A-glucosidase immobilized on each matrix with or without 0.4% glutaraldehyde at

50°C. The amount of immobilized enzyme is 55.2 U and column working volume is 130ml.,
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Table 2. Immobilization of 3-glucosidase on DEAE-cellulose and Amberite IRA93 with or succinylation

[mmobilized Activity Retention

enzyme activity yield of activity
Matrice Treatment (units) (%) (%)
DEAL-
cellulose Succinylation 3.2 58 250
DEAE-
cellulose None 1.5 2.7 10.0
Amberite
IRA93 Succinylation 13.7 247 62.0
Ambetite
IRA93 None 13.2 239 53.0

B glucosidase(55.2 TU) with or without succinylation was added to each matrices(130ml. of working volume) previ-

ously equilibrated with 10mM of buffer(pH 4.8) and standed overnight at 4°C. The unabsotbed enzyme was washed

with the same buffer. Activity yield and retention of activity were calculated by the same method in Table 1,

N

b Aol we DEAE-cellulose®] 79 &4 A4
B8 58%° 2381 H 2.1, Amberite [RA93¢!] 8] 5]
o) - Yol B-glucosidase TR o= WA I Dy
#1598 F F 045 a4 #4 fAEE
succinylationA] 71 § 4 F AFE-3F Amberite IRAG39] 4%
Z7) 449 62%% FAF ¥ succinylationA] 7] 2]
B Halte B9 53% A oAk W 84 fAR

100

B
T

Residual activity(%)
= 2
T T

[N
=
1

1 ! | 1
1 2 3 4 5

Succinic anhydride concentration(% w/v)

Fig. 1. Effect of succinic anhydride concentration
on the activity of A-glucosidase.

E vehfigdeh o] v FEo] Amberite IRA930] .U}
A48 gAde ¥ F AN B-glucosidase S succin-
ylation A]7] % %iﬂ"ﬂ AN AS- a4 A4S

e & 57171 ¢

Alginate % acrylamide gel2 HHZ3# entra-
pmentol| ot 13}

Table 3&
YA & glutaraldehyde, succinimide & carbodiimide & 7} 2
Az shol G248 EHsk] 1GaAA Ashold). 7
B AA84 I5EE 187%EAM gluaraldehydeZ
7FnA 2 3ta] alginate geloll £GA7 A9-gc), A
acrylamide gel 274 8lof) Qloj Al &= glutaraldehyde & ] 2] 3¢
A9+ 11.1%, succiniimide 2 # @] & 4 9= 103% 2 A
alginate gel T 3P0l Hla) Autdo g FA%AY 345
&o] sokth, A3} B-glucosidase ] column BFL-7] o) A
o FARALE 4T 49 159 B33 glutaraldehyde
% 7luAE st acrylamide &4l A 8le] A9 43%9)
A& Astaiz BF 10~20% Aol o] vhe. A 8.3
R
o]

sodium alginate gel¥} polyacrylamide gel&

28 UHQon §49 £52 wWslel v F do)
ATt
Chitosang HHZ28 XN nYs x7e| &y
o) 7% Eh DASES 23 Mad A3, chi-

tosano] B-glucosidase 17 8ol 7174 2 3 1 o)) 2 oty
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Table 3. Immobilization of #-glucosidase on alginate gel and acrylamide gel with or without cross-
linking agents.

Immobilized Activity Retention
enzyme activity vield of activity
Matrice Treatment (units) (%) (%)
Alginate None 55 10.0 3.0
Alginate Succinimide 8.8 16.1 20.1
Alginate Carbodiimide 6.0 10.8 18.5
Alginate Glutaraldehyde 10.3 18.7 212
Actylamide None 39 7.0 13.0
Acrylamide Succinimide 5.7 103 15.0
Acrylamide Glutaraldehyde 6.1 11.1 43.0
o] 1 §]Z—,‘ 2gst 20 & HESA GAE glutar FEF HEF A= Fig 39 2o, glutaraldehyde
adehyde 5. LA pHE 2 Sk 04%9 Y RE S58E 98 4 U3

71 918, pH

A3}= Fig. 29} 1‘5} pH 4.8

°l A B5gol %R 7HE
+ Dbifunctional reagent 2 A] §3§:9} A g AAA T

7]—_ul°ﬂ sh.o.

e s

3o e

ol & ;iiiﬁl

ozt nel HPHNE BO JBe FARYG &
[o]

i4aE sk
M 17 8 B-glucosidase
#9t} Glutaraldehyde

gd5ses Ads 2 ‘}T: AllC— glutaraldehyde 8] 4

4 3] gmul

ol 1-')‘

50
O—C Chitosan
< o &4 Chitin
g\j
=
L
= 30[—
z, [a
=
s 20
<
10
0 | ! !
0 3 6 9
pH

Fig. 2. Effect of glutaraldehyde activation pH on
the immobilization of B-glucosidase on
chitosan and chitin; 0.4% glutaraldehyde.

o

o B3 glutaraldehyde & 241 8141 7] w9} & 4 A}o) 9]
FAEG A7) ke ARG Ak Fig, o)A 2E
H}QH-,‘O] 7 ghg A ghe] 5080l Lk,

weh BT 4 AR 28] 94
chitosan 18 ol 3] A B-glucosidase®] & 7}2e 10~3
Sunit2 W&A 71 A3 Table 49} {‘OD% BAE 20unit
BAVFE W 3 84 580 285%24 Mg &S

ey

Relative activity(%)

40
O—0 Chitosan
o—2 Chitin
20
0 1 1 1
0 1 2 3 4

Glutaraldehyde concentration(%)

Fig. 3. Effect of glutaraldehyde concentration on
the immobilization of A-glucosidase on
chitosan and chitin,



146

Korean J. Biotechnol. Bioeng.

Table 4. Effect of the amount of enzyme on immobilization of A-glucosidase on chitosan.

Soluble enzyme

Immobilized enzyme

Total activity Activity
(units) (units) vield(%)

9.25 1.70 184
13.88 351 25.3
20.00 5.27 28.5
23.15 5.09 22.0
2175 6.11 22.0
32.38 6.54 20.2

B-glucosidase(9.25~32.18 unit) was added to the chitosan which was previously activated by 0.4% glutaraldehyde at

pH 4.8 and 50TC.

t) detH oz G4 uBgel golM &re HslES
Z7EN ol et 49 total activityt: F /P8R, B4
g4 358, A8 Ao Y colum AN 59 A
Ao ueske] mAEA AgE asn "rrge] Ay
olof 3 Ao @ AAEHAT Chiting Righy 5(16)2] Wi
of we} NaOH S 02 226198 2450l Fig. 5o A9}
o] §A7 nAFE 7 % Ags pyA xR

chitosan & 2 M EE-& 4 2 9l

1H3 s-glucosidased EMH|D

100 -

40

Relative activity(%)

20}

0 L | 1
0 30 60 90 120

Time(min.)

Fig. 4. Effect of coupling time on immobilization
of A-glucosidase on chitosan.

©)

. Scanning electron micrograph of chitosan

and chitin;

(A) chitin particle(x200), (B) chitosan
particle( x200), (C) enlarged portion of
the circle in (B) (Xx300).
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143} B-glucosidase 2] -4 Wk FAbs 7] 98l
chitosan ¥} Amberite IRAG3 ¥haloll g byl & 49 pi

o 120 A obd A S soluble T 9 B s

Ak I1 A soluble AH 9] F ol 18l chitosan YHA)
of ZASH fdel A5z ALy} 50Tl A
60C2 10T F7hHt }1‘ MaL HA pHiz WUk 2o
ORolA okgtow e obgAw sTCHLE Zub:
v

Columng 13 g4 vi27]9 xx

Flow rate®] of 8f: Glutaraldehvde s 7}l it chitosan
GAo] n48a)z) B glucosidase®] 2} 0] columnd &4

3F-2-71(2. 1 X38cm, working volume 130ml.) of] 4] 2] glucose
xgx%z; < Ar Y o}, o][xﬂ Lo 271 o) _112—]§}5£] A-
o oL 180unit(12ml. of 151U /mlL)d
5% cellobiose T 71 2% flow rae 20, 60, 100, 140 L2
AL 180ml. / he[dilution rate(DD)=() 0.154, 0462, 0.769,
1.080 “1] 31 1.385 hr ']&2 W 8FA1 7] M A conversion vield
AR Ak Table 590 (b A4 glucose FLoi=
ZY7} 465, 43, 375, 315 I1el3l 245mg / mlY
version vieldi= ZH2t 093 0.86, 0.75, 0.63 Z1e)al 049
At ol# Mo dilution rate 7} S7FSERE 7] A g
retention rime 7R Q16 whEAlvEe] whEo i ol
A4 pass o F Qg we
Table 537 Wh-&-7]o A 9 dilution rate®l] w}& productivity
of WSHE vhEb B, productivityds A4 glucose 129}

glucosidase

al, con-

conversion yield &=
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dilution rate(D)& F8le] o9l
rate 7} 140ml. /hr°” o] & uf 7} ]
o] 4] flow rateo] A 1= O o] Ao Zvlsm w O] x| gkghiz
H, ©13= glucosei2 o] W ghgo] 7hagle] 7)o}, ”‘d
flow rate 100 140ml. / hroll 4 productivity = 28.8~34.
08 /1 hest 74 2kt 2488 8- glucosidase 2
o83 BEMSIINS] HH Az Aga]
9l af) ] 1= W1, reactor operational cost,
“12) 2l conversion vieldel] it v]g o HA A o] L
gkl el ol

4 P A Hel A2 s
A7) 98 cellobiose s #11~10% 3 H8}A] 7)1 A
AW glucose AEEL 21z flow raeo 20ml. / hr
b Aol glucose® WA= fow rate el 90
ml./hr 9] 714 9] flow rates H7tske] dolz glu-
cose AFE 2] W Table 6o YERRSITE 20ml. / hr

i},

Productivity 5= flow

= -/}o}LU}

productivity ¥=

Yo T

}6: [ et Q] o«)

o W flow rateol] 3= cellobiose 355 5% NA e
£ o conversion yieldi= 0.85% =9} productivity =
6.558 /L« hr¥ 239, 90ml. / hro o W flow rateol] A 3=
cellobiose FX7F 5% m conversion vieldvs (46072
vhok productivir\'l? 15928 /1. hrit b33 29 St

L} o] & %3y productivity 9} cellobiose i 4- = glucose
29| conversion vieldfr W% Al HA v dwes

/1 Z] 0}0;10]; ol /]o =4 ;\]__"g:][}
AP G20 A o) o
2 B-glucosidase 0] A G A 120} 8A k7| =

1A 4 3}A)

column

Table 5. Effect of dilution rate on conversion yield and productivity of A-glucosidase immobilized

on chitosan with glutaraldehyde.

Glucose Convetsion™
Flow rate Dilution rate® conc, yield Productivity™
(ml./ ht) (hr™) (g /1) (& /1) hr)
20 0.154 46.5 0.93 7.16
60 0.462 43.0 0.86 19.87
100 0.769 375 0.75 28.84
140 1.080 315 0.63 34.02
180 1.385 24.5 0.49 33.93

Conversion yield was investigated in the colum type enzyme reactor using - glucosidase (5"

chitosan with 0.4% glutaraldehyde,
* Dilution rate=tlow rate / working volumn(130ml.)
™ Conversion yield is ratio of cellobiose to glucose

* Productivity =Glucose concentration X Dilution rate

5.210) immobilized on
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Table 6. Effect of cellobiose concentration on conversion yield and productivity of B-glucosidase
immobilized on chitosan with glutaraldehyde in different dilution rate(D=0.154 and 0.692hr

-y,
Cellobiose concentration(%) 1 2 3 5
(D =101)
Glucose conc.( 8 /L) 6.50 15.20 24.60 42.50
Conversion yield 0.65 0.76 0.82 0.85
Productivity( & /L hr) 1.00 2.34 3.79 6.55
(D= 10692)
Glucose cone.{ & /L) 5.70 11.20 16.20 23.00
Conversion yield 0.57 0.56 0.54 0.46
Productivity( & /L - hr) 39 7.75 11.21 15.92
g wgsln % weE AA HED ARE F 4 A
6o deR E48A FAE @ WRE glutar-

aldehyde 2 *]&] & chitosan FA) o A AE 73 -9
i wa u]-7L;] /} 20 @A—] 7}4 /lgi—v arE

»—l— =
succmylatlon’\]ﬂ . Amberite IRAG3 ¥

nhil

Ao s A7
S ASoE RagA W7I7h 18d oA HHA
£ AvE AUt

2 %

Aspergillus niger -2 9| B-glucosidase & (1)glutarald-
chyde & 7}uAZ 3 chitin?} chitosan Ao covalent
linkage, (2) Amberite TRA933} DEAE-cellulose &4 of
succinylationA] 71 & &2, 12) 11 (3)alginate, polyacry-
lamide®) Z+% 7} A E o] & entrapment 59 WY OE
1A 359 GlutaraldehydeE 7FRLA 24 chitosan&
%M A7) & B-glucosidase S LA A AW TAEA

9] 315%2 /M HU%a, & columnd WE-7)
ﬂﬂAl&_o4 A58 FARE 69%2M 7+

-4 3H 3 o} 45 Amberite
IRA93  HAlo] FHAAE o a4x8A B5sd
47%931 4 FARAEE 62%% . wrdl entra-
pment HPHof 9]& B-glucosidase®d] L Ase aar9
A&AQ 822 B-glucosidase® A 3ol & H F3tA|
9kokt}. Chitosan A M nAH g HA2UE A
A 7baAQ glutaraldehyded HAFEE 04% %3,
glutaraldehyde ] &3 W3- pHi= 4.80) At} B&F column
8 Hl27] &8 o] 834 cellobiose = 5B glucose 2 2] 3t
&8 ZABlY n4g a4 84S FAESAL

F3F succinylationA] 7]

¥y 2 90 s giAduA 7)E A A

duiz FaHglen, Ay Add A=Y
Fongd
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