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Properties and Immobilization of Extracellular
Endoinulinase (P-I1) from Aspergillus niger

Toyohiko Nakamura®, Taira Fusita* and Kazuyoshi OnTa*
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Our previous study demonstrated that the extracellular inulinase from a strain,
Aspergillus niger 12 is a new endo-inulinase which 1s 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 45T for the native and 40C for the immobilized enzyme. These results indicate
that the immobilization resulted in the lowering of optimum temperature by 5C. In addi-
tion, pH stability of the enzyme became broader and temperature stability was raised by
approximately 10°C by the immobilization.

Then, the effects of various reagents on the enzyme activity were examined. An activation
by Mn’*, and strong inhibitions by Hg’*, Ag® and NBS were found for both enzymes.
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Fig. 1. Stepwise elution pattern of extracellular
inulinase from Aspergillus niger 12 on
DEAE-Cellulose.

A column of DEAE-Cellulose (2X60cm)
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.
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Fig. 2. Isoelectric focusing of extracellular
inulinase P-Tl from Asp. niger 12.
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Fig. 3. Gel filtration of extracellular inulinase
P-l Asp. niger 12 on Sephadex G-75.
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Fig. 4. SDS-polyacrylamide gel electrophoretic
pattern of extracellular inulinase P-1I
from Asp. niger 12.
A, phosphorylase b (M.W.=97,400);
B, bovine serum albumin (66,200);
C, ovalbumin (45,000);
D, carbonic anhydrase (31,000).

2. BEEIXVF—EDOMHE
a) BEE{tBFEOHAN

Asp. nigerl28RH¥DendoM 1 2 1) F—¥ %, L7
Hikiz#o X, pH5.0, #HE&ES500mg, ml, #EAHFIEDC
20mg,/ml, HHBEFEAEEL g,/ mlOEGET TH
AL EITo 7. #HE%ETable. 212/R L7z, EHHHS
P &) CABROBEELSIE85.5%, FHMHINEIL
3B55% &, PLHDEVEERLTVE I 06, T3
J—na T A VIIEERHKEEZLNE. T3
=77 A EEL LT, BEbBEE oS
HFEEEIZ DWW T, NativeBi# & MBRE L7 &b,
Bl LB R IZ0.0IMEEBRIEAE i (pH5.0) (BB L
4 CTHRIEL 72

b) ZE&EpH

0.06MD ZFEpHDMEE I * & 1:0.5% 1 X 1) VB
0,5mliZ, BEFRMER (BFEEM0.26U, ml) 0.5mlin
Z, 40T, 305HIRIG 28T, MREHZHE L 72,
HRIIFIg. bIZR LBy, MBEEL L, FépH
5.2HE%x/RL, ZibidED o dr o,

c) EERE
pHS.0IZFEE L 720.5% 4 X V) >~ i##0.5mli, BE

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

Total protein

Total units  Total units Units/mg. protein /s Yield (%)

Fraction (mg On Sucrose on 1nulin

Crude enzyme 270,660 3,168 0.7 61.9 100.0
Concentration 20,751 2,380 9.6 83.4 101.2
DEAE-Cellulose (Stepwise) 2,099 289 40.2 292.0 43.0
Isoelectric focusing 179 0 157.4 oo 14.3
Sephadex G-75 100 0 184.7 o) 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 # mole of
fructose liberated/ min at 40°C and pH 5.0; substrate conc., 0.25%.

Sucrose-hydrolyzing activity unit was expressed with 2# mole of fructose or glucose liberated./min

at 40C and pH 5.0 ; substrate conc., 0.26%. .
*1,7S 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

Activity of

H Activity loaded Activity in immobilized Immobilization Activity

p () washings (U) o k yield (%)’ yield (%)’
inulinase (U)

5.0 290 42.1 87.9 85.5 35.5

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

Activity in immobilized inulinase (U)

X100

a ) Immobilization yield(%) =

X100

b) Activity yield(%) = — SV ;
Activity when loaded (U) — Activity in washings (U)

EDC, 1-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride.
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Fig. 5. Effect of pH on the activity of
extracellular inulinase P=T11 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).
—O—, native; —@—, immobilized.
§ 100 t
2
2
=t
5]
= S0 F
=1
b
2]
Q
29
1 1 1 | 1
30 40 50 60 70
Temperature (°C)
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Fig. 7. Effect of pH on stability of

extracellular inulinase P=1I from Asp.
niger 12.
—(O—, native; —@—, immobilized.
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Fig. 8. Thermal stability of extracellular
inulinase P=1I from Asp. niger 12.

—O—, native; —@—, immobilized.
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Table3. Effect of metalions and enzyme inhibi-
tors on the activity of extracellular
inulinases P-M from Asp. niger 12

Relative activity (%)

Inhibitor or metalion

added (1.0mM) Native Immobilized
inulinase inulinase
None 100 100
Co?™ 117 100
Ca?®* 100 108
Mg?* 84 80
Mn?** 132 136
Hg** 0 0
Ag”* 0 0
Na* 100 100
K* 100 100
Fe®* 20 80
SN+ 74 100
EDTA® 48 56
PCMB®’ 17 75
NBS® 0 0
PM? 70 81

The enzyme solution were preincubated with chlo-
ride of each metal and inhibitor (1,500 M) for
1 hr at 30C before activities measurement, and
were incubated at 40C for 30 min at pH 5.0 after
addition of the equal volume of inulin solution.
“EDTA : Ethylenediaminetetraacetic acid

»"PCMB : p-Chloromercuribenzoic acid

©'NBS : N-Bromosuccinimide

91, 10-phenanthroline monohydrate

b ol:. 7, Native®FE L, Fe** BI W
PCMBTH i< AE% T 575, BEtBERIZFNIZ
EEWHERZIT eI ENbhos. BELT A
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Fig. 9. Time course of the hydrolysis of inulin
with native and immobilized extra-
cellular inulinase P=11 from Asp.
niger 12.
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Fig.10. Thin-layer chromatogram of the pro-
duct from inulin with immobilized
extra-cellular inulinase P=1 from
Asp. niger 12.

St : standard, I : inulin, F : fructose,
F: : inulobiose, F; : inulotriose,

G. : glucose, GF : sucrose,

GF, : 1-kestose, GF'; : nystose.
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