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Properties of Extracellular Exoinulinase (P-1) from Aspergillus niger
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In our previous study, inulinase P-1I, one of the two inulinases P-1 and P-1I, which are
known to be produced by 12 strains of Aspergillus niger was purified to an
electrophoretically single peak and its characterization was done. In the present study, we
attempted to purify inulinase P-1 from Aspergillus niger by ion-exchange chromatography
in DEAE-Cellulose column and gel filtration in Sephadex column. The catalytic properties of
this electrophoretically homogeneous enzyme were compared with those Vof inulinase P-1I
described in the previous report.

The molecular weight of P-1 was estimated to be 72,000 and 70,000 by Sephadex G-200
gel chromatography and SDS-PAGE, respectively, suggesting that P-1 is a monomer
enzyme. The optimum pH was 4.0 for P-1 and 5.0 for P-T and the optimum temperature
was nearly 50C for both enzymes. Either of the two was stable within the range of pH 4.0-
7.0 and the activity was not affected by heat treatment at 50C. Further, both enzymes ex-
hibited specific activities to inulin, sucrose and raffinose, but not to levan and melezitose.
The values of Km for inulin and sucrose were 0.40 and 7.14 mM for P-TI, and 1.87 and 12.50
mM for P-1I.

Next, the effects of metal ions and inhibitors on the activities of P-I and P-I were
investigated. Mn** ion activated the both enzymes and Ag* and Hg’* ions showed nearly
complete inhibition of them. In addition, Fe®' and PCMB had strong inhibitory effects on
the both enzymes and only P-1 was slightly resistant to the inhibition of EDTA.
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Table 1. Summary of purification procedures of extracellular inulinase P-1 from Asp. niger 12

: Total protein Total units  Units/mg protein Units/mg protein a) Yield
Fraction rrf)g) with inulin(I)  with in%l?n(l) with sucgropse(S) U8 (%)
Culture filterate 24,650 147,500 6.00 0.19 31.6 100
Concentrate 12,740 137,700 10.80 0.31 34.8 93.4
(NH4),50.(0-0.75) 3,590 118,100 33.00 1.00 33.0 80.1
DEAE-Cellulose (stepwise) 735 230 0.31 1.78 0.17 0.16
DEAE-Cellulose (gradient) 182 113 0.62 3.14 0.20 0.08
Sephadex G-100 132 ° 97 0.74 3.62 0.20 0.07
Sephadex G-200 52 87 1.68 7.30 0.23 0.06

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., 0.25%.

*I/S expresses the ratios of hydrolysis rates with inulin and sucrose as substrate, respectively.
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Fig. 5. SDS-polyacrylamide gel electrophoretic
pattern of extracellular inulinase P-1
from Asp. niger 12.
A, B -galactosidase (M.W.=116,400); B,
fructose-6-phosphate kinase (85,200);
C, glutamate dehydrogenase (55,000);
D, aldolase (39,200).
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Fig. 6. Estimation of molecular weight of
extracellular inulinase P-1 by Sephadex
G-200 column chromatography.
A, cytochrome ¢ (M.W.=12,400);
B, chymotrypsinogen A (25,000);
C, bovine albumin (67,000);
D, 7 -globulin (160,000);
E, blue dextran. See “Methods” for the
experimental details.
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Fig. 7. Effect of pH on the activity of
extracellular inulinase. The reaction
was carried out at 40C for 30 min.
Buffers used were 0.05 M acetate
buffer (pH 3.2 to 6.0), phosphate
buffer (pH 6.0 to 8.0), and 0.1 M
glycine +NaCl-NaOH buffer (pH 9.0).
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Fig. 8. Effect of temperature on the activity
of extracellular inulinase.
The reaction was carried out various
temperature for min, in 0.05 M acetate
buffer (pH 5.0).
—(O—:P-1, —@—: P-1.

100} OO
7

o
X
S—r
>
-
S
S
o 50}
‘©
=2
o
n
Q
o
o A I L A L [l 2

3 4 5 6 7 B8 9
pH

Fig. 9. Effect of pH on the stability of
extracellular inulinase.
The enzyme was incubated in various
buffers 0.05 M acetate buffer (pH 3.2
to 6.0), phosphate buffer (pH 6.0 to
8.0) and 0.1 M glycine +NaCl-NaOH
buffer (pH 9.0) at 30C for 24 hr.
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Fig.10. Thermal stability of extracellular
inulinase.
The enzyne solution various in 0.05 M
acetate buffer (pH 5.0) were kept at
various temperatures for 30 min.
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Table2. Effect of metal ions and enzyme inhibi
tors on the activity of extracellular
inulinases P-I and P-1I from Asp. niger

12
Inhibitor or metal ion Relative activity (%)
added (1.0mM) P-1 P-1
None 100 100
Co** 100 105
Ca®* 100 107
Mg*” 100 100
Mn?* 131 133
Hg** 0 0
Ag® 0 0
Na?* 100 100
K* 100 100
Fe®* 20 35
KCN 104 105
EDTA® 87 66
PCMB®’ 34 30

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 40°C for 30 min at pH 5.0 after
addition of the equal volume of inulin solution.
*)EDTA : Ethylenediaminetetraacetic acid

®’PCMB : p-Chloromercuribenzoic acid

Table 3. Substrate specificity of extracellular
inulinases P-I and P-II Asp. niger 12

Asp. niger 12

Substrate

P-1 P-1
Inulin 100 100
Sucrose 394 126
Raffinose 120 19
] evan 0 0
Melezitose 0 0

The concentration of each substrate was 0.25%.
The results were compared with the hydrolysis
rate of inulin.

Yevan : Bacillus natto.
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Time course of the hydrolysis of inulin
with Inulinase Peak-1 and Peak-TI.
—O—: Peak-1, —@—: Peak-1I.
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Production of total hexose (calculated
as fructose) and glucose during
enzymic hydrolysis of 2 % inulin with
extracellular inulinase Peak-T .

The numbers at each point on the glu
cose curve represent the ratios of total
hexose to glucose.

—O—: total hexose, —@—: total glu

cose.
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Paper chromatogram of a product
from inulin with inulinase Peak-1I.
The products of in the course of inulin
hydrolysis in Fig.10 were applied on
the paper.

F. : fructose, F: : inulobiose,

Fy : inulotriose, and through Fs.

St. : standard, S : sucrose.

Tabled4 . Michaelis constants with various sugar
of the extracellular inulinases P-1 and
P-T from Asp. niger 12

Asp. niger 12

Sugars P-1 P-I
Km(mM) Km(mM)
Inulin 0.40 1.87
Sucrose (GF) 7.14 12.50
1-Kestose (GF.) 3.70 5.88
Nystose (GF3) 1.74 3.13
Inulobiose (F.) 3.33 6.67
Inulotriose (Fj) 1.43 2.94
Inulotetraose (F) 0.74 1.87

Substrate concentration was calculated by as-
suming that the molecular weight of inulin was
5,400.
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