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In our previous study, inulinase P- IT, one of the two inulinases P- I and P- II, 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- I 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 of inulinase P- IT

described in the previous report.

The molecular weight of P- I was estimated to be 72,000 and 70,000 by Sephadex G-200

gel chromatography and SDS-PAGE, respectively, suggesting that P- I is a monomer

enzyme. The optimum pH was 4.0 for P- I and 5.0 for P- IT and the optimum temperature

was nearly 50t 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 50°C. 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- I , and 1.87 and 12.50

mM for P- IT.

Next, the effects of metal ions and inhibitors on the activities of P- I and P- IT were

investigated. Mn 2 + ion activated the both enzymes and Ag+ and Hg 2 + ions showed nearly

complete inhibition of them. In addition, Fe 3 + and PCMB had strong inhibitory effects on

the both enzymes and only P- I was slightly resistant to the inhibition of EDTA.
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Fig. 3. Gel filtration of the Peak-Ion Sephadex
G-lOO.
A column of Sephadex G-lOO (1.5X43cm)
was equilibrated with 0.02 M acetate
buffer (pH5.0). Elution was performed
with the same buffer at a flow rate of
7 ml/hr. Fractions 11 to 17 were com
bined.
-------, protein; -0-, activity on lllU

lin; --.-, activity on sucrose.
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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 (pH6.0). The column was eluted
by stepwise elution with 0.02 M acetate
buffer (pH6.0) containing 0.1 M, 0.2 M
and 0.3 M NaCl.
-------, protein; -0-, activity on
inulin; --.-, activity on sucrose.
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Fig. 2. Gradient elution pattern of the Peak-Ion
DEAE-Cellulose.
column size:2X45cm, flow rate:15ml/hr.
DEAE-Cellulose was equilibrated with
0.02 M acetate buffer (pH6.0). The co
lumn was eluted with a linear gradient
of 0 to 0.5 M NaCl with constant 0.02
M acetate buffer (pH6.0).
Fractions: 106 to 126 were combined.
-------, I2rotein; -0-, activity on in
ulin; ---.-, activity on sucrose.
-----, NaCl.

Fig.4. Gel filtration of the Peak-Ion Sephadex
G-200.
A column of Sephadex G-200 (1.5X56cm)
was equilibrated with 0.02 M acetate
buffer (pH5.0). Elution was performed
with the same buffer at a flow rate of
5 ml/hr. Fractions 27 to 34 were com
bined.
-------, protein; -0-, activity on lllU

lin; --.-, activity on sucrose.

Table 1 . Summary of purification procedures of extracellular inulinase P- I from Asp. niger 12
Fraction Total protein Total units Units/mg protein Units/mg protein lisa) Yield

(mg) with inulin (I) with inulin(I) with sucrose(S) (%)

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) 2804 (0-0.7S) 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-lOO 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 f1 mole of
fructose liberated/min at 40°C and pH 5.0; substrate cone., 0.25%.
Sucrose-hydrolyzing activity unit was expressed with 2 f1 mole of fructose or glucose liberated/min
at 40"C and pH 5.0; substrate cone., 0.25%.
a)lIS expresses the ratios of hydrolysis rates with inulin and sucrose as substrate, respectively.
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Fig. 7. Effect of pH on the activity of
extracellular inulinase. The reaction
was carried out at 40"C 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 +NaCI-NaOH buffer (pH 9.0).
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Fig.5. SDS-polyacrylamide gel electrophoretic
pattern of extracellular inulinase P- I
from Asp. ni~er 12.
A,/1-galactosldase C:v1.W.=1l6,400); B,
fructose-6-phosphate kinase (85,200);
C, glutamate dehydrogenase (55,000);
D, aldolase (39,200).
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T 1 ! , , ,

2 5 10 20
Mol.wl.X10 4

Fig. 6. Estimation of molecular weight of
extracellular inulinase pol by Sephadex
G-200 column chromatography.
A, cytochrome c (M.W.=12,400);
B, chymotrypsinogen A (25,000);
C, bovine albumin (67,000);
D, y -globulin 060,000);
E, blue dextran. See "Methods" for the
experimental details.

80

70

~ 60

~ 50

40

30

A

~~,~

b) ~;m)A!1l

pH5.0(:MIiI~Lt-:0.5%1~ 1) /igiitO.5mU':, M~
iit (~B'iIl:m:27.7,u g/ml) 0.5ml'i-1JD.z, 30~70"(0)

~iJil\.OC-c'30)Na'f-'Fffl~-ttt-:. *5~~UiFig. 8 (.:iF Lt-:.

jllljM*O) .3?~i.ffi\.OC';;I: c 'b I': 55"C1t iii 'i-iF L t-:. .::. h ;;:

l"?W.fS-~h lv\1.>*~;I(i!i0)1 ~ 1) -j---!:fO).3?~iMJt';;I:,

Asp.niger'C-55~56"CIOI, Asp.ficuum-c'60 "CIII , Pen.

sp-IO)p-I, p-ll, p-mM~71l"ofh·eh.3?~i.ffi\.1t45

"C, 45"C, 50"C 0)'$RfS-1.J{if.> 1.>.

c) pH~:JEtt

0,025MO)~fipHO)~~iit(':igML t-:M*iit (~B

'iIlE220,ug/ml) 1 ml'i-~~~I': J::: IJ, 30"C-c'241tf

rJH*t;J Lt-:l~, O.lMIft=~m.~fNJ* (pH 5.0) 'C- 81~

t:~lRL, *AJJ.l:~O)M*ift'i-M~~c Ll~~ff-tJ.>ffi11

'i-iDIJJE L t-.:. of 0)*5*~ Fig. 9 ,.::* L t-:. jllljM~ c 'b

pH 4.0~7.00)flilm'C·Wt2JEl"if.> IJ, of0)1mO)pH%.i'!~

(.:;j:3V'l ,;;I:, *~*I.J{P-ll ~*'':.J:t«l'tCJE-c' ib 1.> .::.

c iJq? I.J' '? t-:. ;;: t-: 1m 0) € i)]\ 0) 1 ~ 1) -j- - -!:f -c' Ii ,

Pen. sp-1 0)~~*71 O)pH 4 - 6 O)~rm-c''tCJE'C-if.>

IJ, C.KefyrO)*tllJl?2p;j$'i-1 ~ ,) -j- - -!:f131 15) C~ b IJ ~
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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.
-0-: P- I, : P-II.

30 40 SO 60 70

Temperature ("C)

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).
-0-: P- I, : P-II.

100

'0'e
>.
+-'.s;
......
u SOro

ro
:J

"0
l/)
(1)

0:::

0

Fig. 9.

345 6 7 B 9
pH

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 +NaCI-NaOH
buffer (pH 9.0) at 30'C for 24 hr.
-0-: P- I, : P-II.

v,']j{, A.ureafaciensO)-fh']j{pH 4 ~ 11 14) O),~I:HJ-z"~

JE-z" &; ~ 0) ~:J:I::.r-(~ C~~ .::. C ']j{5t']j'),~ t:..

* 7) t±, 40°C, 305t-z"~5E-z"&; ~ ']j{, Pen-sp.- 1 0)*Hl

Jfrl.pgP-II, P-ill, P_NM*16) t±50'C, 305t-z"~5E,

C.kefyr O)M*13) t±55'C-z"&;~.

e) ~.1 =-t /sJ:tJ~~lllia~J(7)~ •

M** (~B~M55A,ug/ml) 0.25mH:-fh-f'h

4 mMO)~ll~J;i;-1:;t :/if}*.t3 J: lJ'~Jl~lfIJif}* (0.05

M~Mt\[*'l1iJ~, pH 5.0) 0.25ml~1JD:t, 30'C, 1 ~

ra~~~ Lt:. . .::. O)~~*~ fflv'~1~~i5'~~il~5E Lt:..

Table. 2 ~:~ L t:. J: -) t: fiIUM*, Mn 2 + t: J: ~ ~~m

~h, Ag+, Hg 2 +, Fe 3+, PCMB-z"~m<~Jl~~~~t

t:. . .::. O)*5*t±, Pen.sp.- 1 O)~~T ~ *HlJfrl.)i.M*7)

cAsp.-niger12f*0)~~T ~P-illM*9) O)-fh c-3&

T ~. 1iliO)~ijO) -1 7.. 1) T - ~~:MT ~ ~J;i; -1 :;t :/ .t3

J: (1 ~Jl ~ lfIJ 0)~~ t: "':) v' ~ t±, Aspergillus J;i; 0) M

*17) t±, Fe3+-z"~m <~i5 ~ h, Mn 2 +, Mg2+ -z" ~Jl~ ~

~'t~ v' ~ . .::. ht±~~ G ']j{1.!ft:.~M*']j'iMn 2 +~: J: ~

~i5'~11:: ~ ht:. ~ 0) ~:J:I::.r-(~ c SA G']j'),~:~7d: ~ ~v'~.

d) AA~;Ett

0.05MfFMt\[*'l1iJ* (pH 5.0) "'C' 2 m~:mfR Lt:.M

*r~ (~B~£27.7,ug/ml) 1 ml~~~W~: C ~,

30~80'C 0)~i1i!~"'C'305tra~~ t, WI t ~:f@~ L t:.O)t,

*~~O)M**~M~cL~~~O)~~$~mJEL~.

-f 0)*5* ~ Fig.10 ~:~ L t:.. -f h~: J: ~ c ftIijM* c ~ ,

50'CJ,Xr"'C'~JE-z"&;~']j{, 60'C"'C't±, P- I M*']j{80%,

P- II M*']j{54%0)1~~i5tE$~~ Lt:.. 1iliO)~ijO)~A

~JE'~-z" t±Pen.sp.- 1 O)fFlHJfrl.)i.p- I, P- II, P- ill M

f) ~.!M=~tt

~~ c L ~ 7}v 7 ~ - 7--5tr~-5'UY 3 f! (W:W:;~

~, *H&) , 771 / -7-- (W:W:;~~, ~n&), -17.. 1)

:/ (D.PAO, Merck), )\7 T 1) 7 v/\:/ (Bacillus

natto) ~~j{{c L~~U', M*O)~~t:MT~5tM

1J ~, -1 7.. 1) :/ ~ 100 c L ~ffiMm'I1:$-z"Table. 3 ~:

~ L t:.. '&llit±~0.5%~~if}*0.5mH:, M~~ (~

B~£27.7,u g/ml) 0.5ml~1JD:t, 40'C-z"305tr~'&lli

~ 'itt:., ;). v 1- ~ - 7--~: ~j ~ '&lli~r~ t±24~r~ c Lt:..
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Aspergillus niger O)~~T ~*H1JrrI)7i..I.-1=- '/~1 Y. 1) j---E (P- I) 0)'~1j{~:":)v)-C

Table 3. Substrate specificity of extracellular
inulinases P-I and P- II As~er 12

Table 2. Effect of metal ions and enzyme inhibi
tors on the activity of extracellular
inulinases P-I and P- II from Asp. niger
12

The enzyme solution were preincubated with chlo
ride of each metal and inhibitor 0/500 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)EDTA : Ethylenediaminetetraacetic acid
b )PCMB : p-Chloromercuribenzoic acid

Relative activity (%)

P-I P-II

g) l' x I) /-$tMI¥~O)~[;j

4 %1 y. 1) /?~?w. 5 mU:M~~W. (M~1I5ttO.13

u/ml) 5 ml ~1JO.z, 40°C -e110ffl "6 -tt-c, *.£~t8~:~

$:~j[;*j~7HIJ5ELt:.. i"0)*t*~Fig.1U:~Lt:.. fjIjj

M~ t b 1 y. 1) / ~ 100%1JoJ](frMT ~ .:: t iJ{;fJ iJ" 0

t:.. :9\~:, g~t8~:f~t:.JJtEt~W.~:":)v'-c, JJtEt~~:J3

~t ~ A.-1=- '/ - 7- (H, 77-7 l' - 7- + -7~ }v::Z - 7-) t

-7"}v::Z-7- (G) O)~$:;~:":)v'lt~H~fr--::Jt:.. i"

0)*t*~Fig.12~:~Lt:.. ~ipGflJjGip7j:J: -7 I:, A.

-1=-'/-7-t-7"}v::Z-7-O).l:t (H/G) Ii, JJtEt6~Fa'

"C'45~~L, 1JoJ](frMiJ{:ittfrT ~ ,:f,itv'H/GiJ{/J" "6

<7j: fJ, i"0)~*~1wHi39~~ L t:.. JJtEtfJJMip GH/

G.l:tiJ{39':Jliv'1i1!~5FL -Cv)~'::' t ~i, 1 y. 1) /fr-f

':M L l single chain attack 0) ~*:A:"C'JJtEt iJ{:itt f-r L

-CP ~ J: -7 ':}l!;UJh~. :9\,:, -"Z- J\- -7 0"7 l' -7~ 7

7 l' - ~ ffl v) -c, IJzfiJJtEtiw. ~g~t8 ,: 7- *' '/ l' L -c,

frM~~ttm~~~HL t:.. i"O)*t* ~ Fig.13~:~L t:..

JJtEtfJJM iJ" G.3::. ,: 1 ":) O)~-~m (77 -7 l' - 7-) iJq~

lB"6h, JJtEtiJ{:ittu~:":)h-C, tp.;~:~$:"6h-Cv,~

.::. t iJ{tJ iJ~ --::J t:..

100
105
107
100
133

a
a

100
100
35

105
66
30

100
100
100
100
131

a
a

100
100

20
104
87
34

Inhibitor or metal ion
added (1.0mM)

None
Co 2 +

Ca 2 +

Mg 2 +

Mn 2 +

Hg 2 +

Ag+
Na2+
K+
Fe 3 +

KCN
EDTAa)
PCMB b

)

The concentration of each substrate was 0.25%.
The results were compared with the hydrolysis
rate of inulin.
a)Levan : Bacillus natto.

*M~Ii 1 Yo 1) /, ~ 3 ~, 7 7 l' / - 7- ,: 110 ffl T ~

if;, J'\ -7 T 1) 7 v J '\ / J3 J: rJ;J. v T l' - 7- ,: Ii 110 ffl L

7j: v)'::' t iJ{tJiJ~--::J t:.. Chrysosporium pannorumO)~

~T~F 2 M~18) Ii vJ'\ / ~:1tffl L7j:v'M~"C'*M~

t [P] t~j}j~5F L lV)~. *M~0)1 y. 1) /frMtJ t
~ 3 ~frMtJO).l:t U/S) liO.25"C'&0 --::J t:.. ~1r G iJ{

f-!tt:.~1 y. 1) j---Eo)I/S~iPen.sp.- 1 O)*HIJrrI)7i.P- I ,

P-II, p-lIIM~7)O)tJJiii, i"h-f'h2.0, 0.65, 1.1~5F

L, S.fragilis0)1/SiJ{0.043 12
) -C' &0 ~ ~:.l:t.r( ~ t ;@J v'

'fW! ~5F L -C P ~. Pen.sp.- 1 19) 0)*HIJrrIji-1 Y. 1) j- --E

Ii (3 - ( 2 -+ 6) *Sii 0) V F{;/ ~: 110 ffl L -C v' ~. f;t--::J

-C, exo~ 1 y. 1) j- - -E ~: Ii , v J'\ / ~: b 110 ffl T ~ M

~ t 1tffl L 7j: v'M~O)= ,,:)iJ{tfttT ~ J: -7 "C' &0 ~.

P- I P- II

Asp. niger 12 k) ~tlj.lJlt J~:Jit)lJl t 0)~1~

*M~O) 1 Yo 1) / (1l5Efr-f- ;5,40020
) J3 J: rJ~li:t

1) ::Z"~':MT~Michaelis5E~ (km) ~Lineweaver-b

urk0)1t~1t"C'>JU6, *S*~Table. 4 ~:~ Lt:.. ~M

~O) 1 y. 1) / ':MT ~km1i1!Ii, (P- I, km =0.4), (P

II, km=1.87) ~5F L, P- I M~o)~;l-7iJ{£j{ft*DtJiJ{

;@J v' tv) .z ~. :9\ ,: , 1 Yo a :t 1) ::Z"~* 9iJ (Fn ) t 7

7 -7 l':t 1) ::Z"~*9iJ (GFn ) ~:":)v'lkm1i1!~ .l:t.r(~ t

fllj G iJ"':~~iJ{~:.?,~ G ht:.. fjIjjM~ t b, £j{O)~jt&

iJ{j( f:: <7j: ~ t km1i1! li/J""6 <7j: fJ, 1 y. 1) /0) km'fW! ,:

Jli-=>' <.::. t iJ~ G, *M~iJ{;@Jfr-f-O)£J(~:M L l ~m v'

ftwtl: ~ ffT ~ .:: t iJ{~:.?~ G ht:..

~ ~

Aspergillus niger12**0)~~T.Qexo~P- I M~~:

":)V'l, DEAE-Cellulose7J 7 Po ,: J: ~ 1 :t /3<:~-7

0"7 l' -7~ 7 7 l' - J3 J: rJSephadex ,: J: ~ If}v ilI~-7~

0"7 l' -7~7 7 l' -~: J: 0 -C, 1t~?7kJJJt8~:, It-$:fr

,:m~ L, i"O)M~t8~i'~1j{,:":)v'-C, :7t ':*i.1f L t:.

exo~P- II M~ t .l:t$X~gt L t:..

(1) *M~O)fr-f-; Ii, Sephadex G-2007" }vill~-7

0"7 l' -7~ 77 l' - J3 J: U'SDS-PAGE~: J: fJ, 72,000iJ

J: rJ'70,OOO t J$:lB"6 h, *M~~i.:c/"7 - t 1l~"6 h

100
126

19
a
a

100
394
120

a
a

Inulin
Sucrose
Raffinose
a)Levan
Melezitose

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

Michaelis constants with various sugar
of the extracellular inulinases P- I and
P- II from Asp. niger 12

~ 100

6 12 24 48 72 96
Reaction time (hr)

Fig.l1. Time course of the hydrolysis of inulin
with Inulinase Peak- I and Peak- II .
--0- : Peak- I , ---.-: Peak- II .

Table 4.

Sugars

Inulin
Sucrose (GF)
l-Kestose (GF,)
Nystose (GF3)
Inulobiose (F 2)
Inulotriose (F 3)
Inulotetraose (F,)

Asp. niger 12
P- I P- II

Km(mM) Km(mM)

0.40 1.87
7.14 12.50
3.70 5.88
1.74 3.13
3.33 6.67
1.43 2.94
0.74 1.87

--0 r-,

E 38 39 39 E...... 20

f 600 ......
OJ OJ

5 ::I.

Q)

II>
42 400 Q)

0 II>
X 10 0
Q) (J

..c ::l

ro ZOO G....
0
I-

0 0

Fig.12.

12 24 48 72 96

Reaction time (hr)

Production of total hexose (calculated
as fructose) and glucose during
enzymic hydrolysis of 2 % inulin with
extracellular inulinase Peak- I .
The numbers at each point on the glu
cose curve represent the ratios of total
hexose to glucose.
--0-: total hexose, ---.-: total glu
cose.

Reaction time (hr) l1lil1li11

~.

(2) ~~nnt, 1 7. I) / ~ 100%7tWH... , 1 7. I) /~:

:tt't~f'FffltlH1Ht, 17. 1) /7tr0)777 r-A*YI/ij

1J' G7 7 7 r - A!j! ffL~: single chain mechanism-c'

f'Fffl't ~exoMM~-C'<f.>~.

(3) jjlijM~O)33.~pH';t, P- I M~1J{4.0, P- II M~1J{

5.01."<f.> ~, ~~7.1ill.~li, jjlijM~c: 'ili(]50t1."<f.>-:::> t.:. .

;1;t.:., jlljjM~';t, pH4.0-7.00)~1H11."'tCJE1."<f.> ~, 50

t 0)~:\1Lb~1." 'il ~f tl'mtt ~Wfif L... t.:..

(4) ~J!t!tHH1':"Jv,-c,;t, jlljjM~c: 'il, 17. 1) /,

A7 0 -A, 771 /-A':f'FfflT~iI{, VI~·/.t::>J:

,(J':J. VT r -A~:,j:f'Fffl L...~1J'-:::>t.:..

(5) ~M*O) 1 7. I) /.t:> J: '(J'A 7 0 - A ~::ttT .Q kmfili:

~i, P- I M*1."-f n-("nO,4mM, 7.14mM ~~ L..., P

II M*1."-fn-("n1.87mM, 12.50mM1."<f.> -:::> t.:..

(6) ~~1;;f/.t:>J:O"~Jl~tiUO)~~H:"Jv'-C'j:,jjlijM

*O)ij§'tl:'i, Mn 2 +-C'/lJitij§'1t ~ n, Ag+, Hg 2 +1."'f c:

Iv c:'7i:~~:~J:l~~ n, Fe 3 +.t:> J: O"PCMB1."~.i <~Jl~ ~

~Itt.:.. EDTA~::ttL...-C';t, P-IM~1J{;5'f1."'j:<f.>~

iI{fl'bj§'tl:~~ L... t.:. .

=\=--1)- F : 17. 1) j---lf, 7 A~)V~)VA '="71-,

.L't-'JM17. 1)j---lf,17. 1)/

Fig.13. Paper chromatogram of a product
from inulin with inulinase Peak- I.
The products of in the course of inulin
hydrolysis in Fig.lO were applied on
the paper.
F I fructose, F, : inulobiose,
F 3 inulotriose, and through F g.

St. standard, S : sucrose.

~liJf1'E~:~ L..., :::'t§'~~TJl ~ ;1; L... t.:.ftg~iIJ-*~.a~

fr~r:pi~IDiX-£l~~~, .t:>J: 0'';''7 T 1) 7 vl'/ ~ :::,!~:~.

<t:. ~ -:::> t':'JCtl%f;YiJ'9:r*~~#~til~~':7* <ffi.l';~v'

t.:. L...;1; T. ;1; t.:., ~.iWlO)-jl;-1H:m1J L...t.:.#..t~Ilf:I.Pd:

ffi.l';~L...;1;T.
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