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Properties and Immobilization of Extracellular
Endoinulinase (p- ill) from Aspergillus niger

Toyohiko NAKAMURA', Taira FUJITA' and Kazuyoshi OHTA'

Our previous study demonstrated that the extracellular inulinase from a strain,

Aspergillus niger 12 is a new endo-inulinase which is specific only to inulin but not to su

crose and raffinose etc. In this study, the endo-inulinase purified to electrophoretically ho

mogeneous was immobilized onto amino-cellulofine according to carbodiimide coupling

method. The activity yield of the immobilized enzyme was 35%.

The characteristics of the immobilized enzyme were compared with those of the native

enzyme. The optimun pH was around 5.0 for the both enzyme and the optimum tempera

tures were 45°e for the native and 40 0e for the immobilized enzyme. These results indicate

that the immobilization resulted in the lowering of optimum temperature by 5°e. In addi

tion, pH stability of the enzyme became broader and temperature stability was raised by

approximately 10 0e by the immobilization.

Then, the effects of various reagents on the enzyme activity were examined. An activation

by Mn 2 +, and strong inhibitions by Hg 2 +, Ag+ and NBS were found for both enzymes.
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(AmiconU~) ~ ffl '" -ciAUffi ~ iT '? t:.. :9\.1:iAl:*ffiif!I:,
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Fig. 3. Gel filtration of extracellular inulinase
P- ill Asp. niger 12 on Sephadex G-75.
-0-, activity on inulin; -------, protein

Fig. 2. Isoelectric focusing of extracellular
inulinase P-ill from Asp. niger 12.
-------, protein; -0--, activity on inu
lin; --.-, activity on sucrose; - - - - 
pH.
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i~:tJo L -r, 7')v 7::>~ tJ 7 L 7+ [] '7 r 7+ 7 7 1 - ~ iT "J

t..:. f-0)*5*~, Fig. 3 ,:~ L t..:. ~i6~ G SjJ G i6~7':t J::

~ ~:, ~Bif( cM*15tEO) HE~i6{-3&L, M*i6{~Jt

~:ffl~~ ht..:'::' c ~~ L lit) ~ .

~JLO)~ffl~~fllH:13't ~M*~J1O)Jti5't1:,t3 J:: rJ'

~X$~ Table. 1 ~:~ Lt..:. ji*~M*~J1':"':)It)-r,

f- O)j:Sj_It1:~~~tT ~ t..: ~~:, SDS;f- 1) '7 7 1) )v '7 ~

F1tt~i7kD~1T"Jt..:. f-O);f.5*~Fig. 4 ~:~ L t..: c 13

fJ, M*,:-tt7''!',/ F'±~~Ghf, *M*'±T1 A

71tt~i7kfJJ8"J~:1it-J£5t-r~~ t*lJltIf~ht..:. 7':t,t3,

SDS-PAGE (Fig.4) --c'*~t..:*M*O)1tJE5t-f-:l:'±

68,000 c1tJE ~ ht..:.
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Stepwise elution pattern of extracellular
inulinase from Aspergillus niger 12 on
DEAE-Cellulose.
A column of DEAE-Cellulose (2 X 60cm)
Was equilibrated with 0.02 M acetate
buffer (pH 6.0). The column was eluted
by stepwise elution with 0.02 M acetate
buffer pH 6.0 containing 0.1 M, 0.2 M
and 0.3 M NaCl.
-------, protein; -0--, activity on inu
lin; --.-, activity on sucrose.

Fig. 1 .

?1t0)1tl't1:1it1lL, C'± l'mJE1tM*0) i5J~1:1it1lL~ £Z~ L -r

It)~ .

b) ~~.s.~~l.)7:xtij!,: J: ~ *~~

L ~c.0) P- ill @5t0) M*?1t (~ B if( m 2.1g, M * 15'~1:8

4,430U)~, ~ij}i1Ijl~J~ (YM-10) ~ffllt)-r, 5m11

-riAUmL, ~1tt,85t@'1&tiLKB2117 Multiphor) ~:

J:: 6*1!f~~ 5 !ill ,:5t't-riT"J t..: o 7')VO)~~'±, 7')v

iJl:Jt~ 4 %, 5 %7/7:t 71 /ffliJJ?1t (pH~~1HI2.5

~6, LKB~) ~:7':t6J::~~:~~L, ~~7')v~:L~c.

M*?1t 1 ml ~:tJO it -r J:: <ii~D L i7kjjj L t..:. ilkjjj ~1tj:

,±1lt1J:J 8 W-e171J:J rs'iT "J t..:. ?7kjjj{£, TI1[t) ,: 777 y 3

1. Endo?MI.1' X I) T - ttO)*~~

a) DEAE-Cellulose1J"7 b.? D ~ ~ 1'"77 l' -

*JlM* (:~ B j1(m20. 75g, M*i5'~1:198,525U) ~,

0.02Mm:~tiUiiJJ?1t (pH6.0) ~:M L -r -~~tJTL,

[PJ{f-liJJ?1t-r-'¥~1tL t..:DEAE-Cellulose tJ 7 L (2.6 X

100cm) ~:u1k~ ~ -ttt..:. ~~tB ,± [PJ{f-liJJ*!=p ~:NaCli6{O.l

M, 0.2M7':t G rJ'~:0.3M~-a-td1t-rstepwise':~~tB ~

fr"Jt..:. f-0)~~tBHE*9'F.'±Fig.1 ':~Lt..:. '::'O)~i6~G

~~Gi6~7':tJ:: ~ ~:, Asp. niger12l*Et3*0)17- 1) -j---t!

'±, DEAE-CellulosetJ 7 L~: J:: fJ, 3 ~jJ1'i0)1 7- 1)-j-

-t! (P-I, P-II, P-ill) CL-r5t@~ht..:. ~!ill'±,

JZffl8"J~~i6~Gl'mJE1tM*0)~~~~fT~t..:~':, 1 7

1) /n5''/:10)~It)P-ill @5tO)M*~:"':)It)-rm~~iT"J t..:.
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Fig. 4. SDS-polyacrylamide gel electrophoretic

pattern of extracellular inulinase P-lII
from Asp. niger 12.
A, phosphorylase b (M.W.=97,400);
E, bovine serum albumin (66,200);
C, ovalbumin (45,000);
D, carbonic anhydrase (31,000).

2. ~:iE1t:;1'.x I) :t--ttO)11.

a) l![I:lE1t:;M~0)ID:J~

Asp. niger121*E±BI~O)endo~Hy. 1) -j---t'i", L~C

1Ji!~:'£"5~, pH5.0, :t.EH;f;:il:500mg/ml, ,m.g-1'fiJEDC

20mg/ml, f~fflM*~B:1{ lID. 7mg / ml 0)~ 14-r l" IlI!I

lEfti"fT"? t..:. if.j!j*i"Table. 2 ~:~ L t..:. 3!(:i.P GilA G

1P"/;t J: oJ ~:*M*O) IlI!IlEft$Lt85.5%, il5t1~X$ Ii

35.5%c, :i.1'"/;t~~v)111!i"~L-cv)~'::C;0'G,72

/ --e )],-0771 :/ 'i:;jf~"/;tt.E!1*c~;tGh~. 72

/ --e )],-0771 :/ ~:[!'!]lEftL -c, [!'!]lEftM*O)ft$

8"J~tt:1{~:-::Jv)-c, NativeM* C .tttX:~M L t..:. "/;tH,

[!,!]lEftM*'iO.OlM~~tjjt*~1IJifl (pH5.0) ~:~i~ L

4 °C l"f*tf: L t..:.

b) ~iitipH

0.05MO)~fipHO)*i1JJ~i"'@;tsO.5%1 y. 1) :/i@~

0,5mU:, M*~i~~ (M*iI5t10.26U/ml) 0.5ml1.JD

;t, 40"C, 305trE'BtI;t~-1t-c, M*il5tti"i~~lELt..:.

*i5*'iFig. 5 ~:~ Lt..: C H ~, jIljfM* C b, ~~pH

5.2ft:i5: i"~ L, ~ft'i~.2.¥:>Gh"/;t;0'"? t..:.

c) ~iiti)M,Ji

pH5.0~:~~Lt..:0.5%1y. 1) :/i@~0.5mH:, M*

Table 1 . Summary of purification of endoinulinase P-lII from Asp. niger 12

F a tion Total protein Total units Total units Units/mg. protein 1/8') Yield (%)
r c (mg) on mulm on sucrose on muhn

Crude enzyme 270,660 196,215 3,168 0.7 61.9 100.0
Concentration 20,751 198,525 2,380 9.6 83.4 101.2
DEAE-Cellulose (Stepwise) 2,099 84,430 289 40.2 292.0 43.0
Isoelectric focusing 179 28,145 0 157.4 ()() 14.3
Sephadex G-75 100 18,473 0 184.7 ()() 9.4

Reaction mixture: 0.5 ml of enzyme solution and 0.5 ml of 0.5% substrate solution (inulin or sucrose
in 0.05 M acetate buffer, pH 5.0). Inulin-hydrolyzing activity unit was expressed with 1 p. mole of
fructose liberated/min at 40"C and pH 5.0; substrate cone., 0.25%.
Sucrose-hydrolyzing activity unit was expressed with 2p. mole of fructose or glucose liberated/min
at 40"C and pH 5.0 ; substrate cone., 0.25%.
,II/S expresses the ratios of hydrolysis rates with inulin and sucrose as substrate, respectively.

Table 2. Immobilization of endo-inulinase from Asp. niger 12 onto Amino-Cellulofine with EDC

pH
Activity loaded

(U)
Activity in

washings (U)

Activity of
immobilized

inulinase (U)

Immobilization
yield (%),)

Activity
yield (%)bl

5.0 290 42.1 87.9 85.5 35.5

x 100

x 100

(U)Activity when loaded (U) - Activity in washings

Activity when loaded (U)

Activity in immobilized inulinase (U)
b) Activity yield(%) ------------------------

Activity when loaded (U) - Activity in washings (U)

a) Immobilization yield( %)

EDC, 1-3-( 3-dimethylaminopropyl) -carbodiimide hydrochloride.
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Temperature (OC)

Effect of temperature on the activity
of extracellular inulinase P= ill from
Asp. niger 12.
-0-, native; --.-, immobilized.

~i~i-tt (m:~irs-tEO.15U/ml) 0.5ml ~ no;z, 30~70

°C(1)~ili!Jl-c'305.tFa'1tffl ~-ttt-:, *5:~H±Fig. 6 ~:~ L

t-: C B IJ, Il!IlEfl:m:*(1)~~ili!J~t'f.I{Nativem:*~:.lt.~

-e 5 °CLt c'f5:T Lt-:.

f) ~lI1';;f/SJ:V:lllia~jO)~.

Il!IlEfl:m:~(1)irs-tU:&':fT~~l' ;t / B J: rY~iI.~~J

(1)~W~~~t-:*5*~Table. 3 ,:~ Lt-:. *iJ"> t; SA t;

iJ">7j: J: -7 ~:, fffijm:~ c <b, Mn 2+ ,: J: -:J -eMirs- ~ fL,

Ag+, Hg 2+ B J: rYNBS~: J: -:J -e~m <~iI.~~~~t ~.::

d) pH~;Eft

0.05M(1)~flpH(1){f.i1jJi-tt-c'2 f-tr~:$m L t-:m:~~

i~ift (m:~i15tE1.08U/ml) 1ml~, 30"C-c'24~FJ]~-:J

t-:1-&, O.lMM:~ij[{f.iijJift (pH5.0) -C' 5 f1?f ~:~~ L,

*9J1~(1)m:~ift~M~~ c L -eJ~ffT ~ iJ5tE~i~ljlE Lt-:.

-t(1)*5*~Fig. 7 ~:~ Lt-:. Il!IlEfl:m:~(1)$:lE:PJO~I±

pH3.2~9.0cJ.t<7j: IJ, Il!IlEfl:T ~.:: c~: J: IJ pH$:

lEtEiJ{~'I'1fMIJ, 7 }v'fJ 1) fMIJ(1)fffij:pJ[:t.9X-c'~* Lt-:.

e) M~;Eft

O,05MID:~tl[{f.i1jJi-tt (pH5.0) -c' 2 f-tr ,: $m L t-: m:

~~i~ift (m:~irs-tEO.15U/ml) 0.5ml~, ~ili!Jl-c'30

5.t Fa'1*i?, If[ i? ~: 7&,~ L t-: (1) i?, *9J1~ (1) m:~ i~ ~M
~~ c L -eirs-'~1(1)J~tf$ ~ 7~ljlE L t-:. -t (1)*5* ~ Fig.

8 ,:~ L t-:. Il!IlEfl:T ~ .:: c~: J: IJ, ~$:lEttiJqO"C

1:1 c'~*T ~ .:: CiJqJiJ">-:J t-:. $:lE'~1iJ{~*T ~ .:: c

Ii, I~Et-.n:fljfflL J: -7 c T ~ j:~if~:;JF1In:1fflj 7j: ,9
c7j:~.
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Effect of pH on the activity of
extracellular inulinase P= ill from Asp.
niger 12.
The recation was carried out at 40°C
for 30 min. Buffers used were 0.05 M
acetate buffer (pH 3.2 to 6.0), phos
phate buffer (pH 6.0 to 8.0) and 0.1 M
glycine +NaCl-NaOH buffer (pH 9.0).
-0-, native; --.-, immobilized.
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Fig. 8. Thermal stability of extracellular
inulinase P= ill from Asp. niger 12.
-0-, native; --.-, immobilized.
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Fig. 7. Effect of pH on stability of
extracellular inulinase P= ill from Asp.
niger 12.
-0-, native; --.-, immobilized.
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Table 3. Effect of metalions and enzyme inhibi
tors on the activity of extracellular
inulinases P- ill from Asp. niger 12
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Fig. 9. Time course of the hydrolysis of inulin
with native and immobilized extra
cellular inulinase P = ill from Asp.
niger 12.
---()----, native; -e-, immobilized.
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Fig.lO. Thin-layer chromatogram of the pro
duct from inulin with immobilized
extra-cellular inulinase P= ill from
Asp. niger 12.
St : standard, I : inulin, F : fructose,
F 2 : inulobiose, F 3 : inulotriose,
G. : glucose, GF : sucrose,
GF 2 : 1-kestose, GF 3 : nystose.
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added (1.0mM) Native Immobilized
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None 100 100
Co 2 + 117 100
Ca 2 + 100 108
Mg 2 + 84 80
Mn 2 + 132 136
Hg 2 + 0 0
Ag+ 0 0
Na+ 100 100
K+ 100 100
Fe 3 + 20 80
SN 2 + 74 100
EDTA') 48 56
PCMB b) 17 75
NBS C ) 0 0
PM dJ 70 81

Relative activity (%)

The enzyme solution were preincubated with chlo
ride of each metal and inhibitor (1/500 M) for
1 hr at 30"C before activities measurement. and
were incubated at 40"C for 30 min at pH 5.0 after
addition of the equal volume of inulin solution.
a JEDTA : Ethylenediaminetetraacetic acid
b)PCMB : p-Chloromercuribenzoic acid
clNBS : N-Bromosuccinimide
d)1. 10-phenanthroline monohydrate
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