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Abstract — The extracellular endoinulase from Streptomyces sp. S56 was purified and characterized.
The culture broth was fractionated by ammonium sulfate saturation followed by DEAE-cellulose
column chromatography and Sephadex G-200 gel filtration. The ultimately purified fraction revealed
a single band in 7.5% polyacrylamide gel electropherogram. The purified enzyme showed the maxi-
mal activity at pH55~6.0 and 50C, but lost 93% of inulase activity after 30 min incubation at
55C . The essential amino acid residue for catalytic activity appeared to be tryptophan. This endo
inulase was activated by Mn®?", whereas inactivated by Ag’, Hg", Cu*', Zn?", Fe** and Mo®'.
EDTA and 8-hydroxyquinoline inhibited the enzyme so that the enzyme was considered to be
a metalloenzyme. The K, value for inulin was 0.287 mM, and no invertase or a-glucosidase activity

was found in the enzyme.

Endoinulase(inulinase EC 3.2.1.7) & inulin {42
B-21 AFE EtHsA MRtk aa(DE
AJEA 9] inulase(2, 3) 7} olol &b v EedA=
Aspergillus  niger(4), Streptomyces chibaensis(5),
Pseudomonas sp.(6), Aspergillus ficuum (8-11), Pen-
ctllium  purpurogenum (12) el w] A E-ol 2uk
Ryl v]AE-9] endoinulase+= ion-exchange
chromatography, gel filtration %2 wlgo g A
Ho] T oodukA Aol o, BIALES=d|(5-12),
exoinulase?kH= t}E2A] o] &4E invertase TA4lo)
#2) 9] 3 inuling 7FEE-sEle] FZ fructose oligo-
merE A s 72 deilch wd oE ulE
= o2 A Aspergillus ficuwm X Penicillivm pupu-

) e

I+

-

2z =
e

rogenum-2- & ol A endo®} exoinulase
25 3ol & ol

55 F-u]ska > 1 (8-12), o)e{gk B4
4-51e] inulin® 2% E fructo £2]aicde] Aako] A

ol o
AR

Key words: Endoinulase, inulin, Streptomyces, cha-
racterization

*Corresponding author

551

EEa ek(11).

2 AP e HR(13)ell o]e] EofolA
Streptomyces sp. SH6°0.ZHE] A
e, At 1 2hgs) st B
ez #HA pH, #HAH2x, A
S50l K, 59 oukd Agalst chemical modifi-
cations ©]-23le] Fa Zuf zpL

ZARSEe] M ghct

2§k
ndoinulase &
Fol i 7] 9%k

7 5ol 4,

en
o

KA ls
A

&}
1l
Lo
=1
A

e % amino
acid residue &

T

Az %
§¢9J' A
e Mgt Fadst bkl Asisted
’}—,1]01] A W5l Streptomyces sp. S56-2 A}-E-3}ed 0
™ 8k 5(13) 9] whe wet 755 wjokshe] A4S
A Aksksd o

540 HA
dAE AAT wekAlAe] (NH,),S0, 30~70%



552

E3AHMES 20T, 9,000X g8 YAlHe]lsle] 0.01M
sodium phosphate buffer(pH 7.0)¢l] %5l & &4
2 ARg3lgch 2E5 49 13 AHAl= 001 M sodium
phosphate buffer(pH 7.0) = 34|71 DEAE-cellu-
lose column(2X30cm)el| FE4 15mlE &34 7]
. =] puffer® NaCl =%=7} 0.~05M ZFE=E |-
near salt gradient HHHS AR, 30 mi/hre] 2
8- A1H P31} Inulase A -2 Zol gum
arabic®.Z FE3t17 F5FY 15 miE 001 M sodium
phosphate buffer(pH 7.0) ¢l ¥ 3 A7l Sephadex G-
200 column(2X100cm)ell FU3led FU buffer=
15 ml/hre] X232 §ZA1A AAA s el AA3A g
inulase S5 FA F FEste] obg A

AH-8-s}s ot

242 Yy M3

Gel filtrationel] &8 A% §.4-2 3 pH+ pH
3.0~75 H9 01N citric acd-Na,HPO,(Mcli-
vame) buffer® A}&-3le] 40T ollA 1587F ¥lL &

A E A48 FH 2= pH5004 vkeg-&

T E 30~70C 2 gu|sle] Aby] Al A ‘%,,}3 E‘_:a’:
#Ae FA4ste] AHstodch 549 AL 45~

60C Alelell A 5~605-7F A5t Polgle &4
A4S A pHe] Agua o] SAste] z A}
stedth Ka, Ve inulind 1~10%, sucrosee 2~
100 MM Q] Exel 4 24 7] dEse e 6057hA] ke
A ZIHA AZMEE AAgAAE FA Y ISR
+5}3. o} ZH-E] Lineweaver-Burk plot& zt%, &
2 Talkedrt

w40]2 9 chelating agent °3&AldE-2 CaCl,
NaCl, MgCl,, CuCl;, KCI, BaCl;, CoCls, HgCl,, AgNO;,
MnCl,, FeCl;, ZnCl,, LiCl,, MoO; % EDTA-2Na%}
8-hydroxyquinoline2] 1 mM £-<lo]| & A4E 30C ol 4]
3057 WA & Zpzbel A4S ZAsle] Askr).
712 B0) A2 inulin, sucrose, raffinose, melizitose 2]
2~4% &Ng 7|AR x}8Ee] 4848 A}
oJ o ¥REEo}lAlL 29 inulin 1 miol] &4 0.5 m!/
05U/m)E A7vsta 40T oA 158~7241717}A]
HEE-Al7IH A AIZHERE 1ol w88 A3,
TLC= EsjatE-& ZAiste] ZAlelde)

&4-2| chemical modification
A.42] tryptophan residue<= N-bromosuccinimide
(14), lysine residuet= pyridoxal 5 -phosphate(15),

Kor. [ Appl. Microbiol. Biotechnol.
argine residue< phenylglyoxal(16), tyrosine resi-
dues= N-acetylimidazole(17), histidine residuex
diethylpyrocarbonate(18) methionine residue+ ch-
loramin-T(19), cysteine residue+- 5,5'-dithiobis(2-
benzoic acid)(20), cystine residue+ dithiothreitol
(21), z&l3l carboxyl7|+= 1-ethyl-3-(3-dimethyl
aminopropyl)carbodiimide(22) & A}-£3led chemical
modification ] 7t}

A HiH

[nulase &2 7] 5(23)¢ uldel] uwle} & Ao
o)&) inuline] F3ll=o] A== feddakE DNSH
(24) o 7 =AHsted ARSI :fs‘_ﬁ;‘_c’r-ﬂ{- 177 1
pumoled] Fhdrdo] A= 71& 1HYE 3eich
Z7)°dF-2 acrylamide T2 & 75%% 33 Davis
(25)¢] wpge A8 A5k 01M sodium phos-
phate buffer(pH 7.0) 7] AAlsledc). gz
k2 bovine serum albumin(fraction V)-& X 52
&l Lowry 5(26) 9] WM& ARR-ele EA s}l
inulin #aj4kE-9] 242 Collins 5(27)9 uhg.&
A4, TLC® ss}gich

49 A

A AN FFE oS
30~70% %3} (NH,),S0, &%
A 8+ 7} inulase 3 ]‘i}f}(Tablt. 1)
(NH,),SO,2 AAX 7] 2843 DEAE-cellulose co-
lumn chromatography & zjﬁld{} A= 280 nmel] A
il 2] peak”} 470 vlelyt e o] 0.2 M NaClell A
225l = 3 peak”} inulase A& 71x]= 7le g
eludtH(Fig. 1). DEAE-celluloses] 213 4% o)
inulase +3-& gum arabic® . FZ3}3 Sephadex
G-200 gel filtration®. 2 A AA Sl e 72 Az 2
7ol Tl A peak F AMAA inulase FAdo] 1}
eldcH( Fig. 2). 2% A A& inulase & x%38)o] 7.59
polyacrylamide gel #7]<d %3} ZHat A AA & inu-
lasev= %71edF Aol A vkl band®2 velyton] o)
band-g slicing3dte] inulase AL Az B Azl
gA-S B3t ok (Fig 3).

Endoinulase-s- #¥lél= o2 vy E9] A Soll=
ion chromatography®. g A3} o) £52] en-
doinulase’} &gty B vsly glor}(s5-12) =

r& sl
m ]
e
mE
.ﬂ_]
N
vel
=>~

T8-2 49.7%




Vol. 20, No. 5

253

Table 1. Summary of steps in endoinulase purification from Streptomyces sp. S56

Steps Volume Total Total Specific Yield Purification
protein activity activity (%) fold
(m/) (mg) (unit/mg protein)
Culture broth 1150 2300 920 04 160 1
(NH,4).S0, 90 336.6 457.2 1.36 49.7 3.4
precipitation (30~70%)
DEAE-cellulose 51 11.22 290.7 25.9 31.59 64.75
Sephadex G-200 40 4.8 184 38.33 20.0 95.83
g 04}t E
2 E
N0.3F =
o 2
% 0.2 :% —  Activity
)
g 0.1f @ N
= E
100 200 300
Fraction No. (b m{/tube)
_|_

Fig. 1. DEAE-cellulose chromatogram of crude en-
doinulase from Streptomyces sp. 556.

@ — ®: absorbance at 280 nm

C—O: inulase activity (unit/m/)
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Fig. 2. Sephadex G-200 gel filtration of endoinulase
purified on DEAE-cellulose column.

@ — ®: Absorbance at 280 nm

>— o Inulase activity (unit/mf)
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Fig. 3. 7.5% polyacrylamide gel electropherogram of
endoinulase purified on Sephadex G-200.
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I'ig. 4. Effect of pH and temperature on endoinulase
activity.

® — ©®: pH; enzyme activity was assayed in Mcllvaine
buffer {(pH 3.0~7.5) for 15 min at 40C.

(> —{: temperature; enzyme activity was assayed In
0.1 M sodium actetate {(pH 5.0) buffer for 15min at
indicated temperature.
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Fig. 5. Heat stability of endoinulase from Strepromyces
sp. S56.

After incubation at indicated temperature for 5 to 60
min, residual activity was measured in the standard
assay condition.

Table 2. Effect of metal ions on endoinulase activity
from Streptomyces sp. S56

Metal 10ns Concentration Relative activity
(added as chloride) (mM) (%)
control - 100
Na™* 1 100
K~ 1 100
Ag? (as AgNO,) 1 54
Hg" 1 0
Ca** | 100
Mg* 1 100
Cu?” 1 13
Ba* 1 100
Co** 1 112
Mn** 1 128
Zn 1 64
Lie* 1 100
Fe’~ 1 22
Mo®* (as MoQy) 1 0
EDTA (disodium salt) 1 84
&-hydroxyquinoline 1 b4

Enzyme solution was preincubated with each metal
ion or chelating agent for 30 min at 30C . The activity
without metal ion or chelating agent is shown as 100

A 7] Mn?t o] Aspergillus(8) A ALE Aol M=
Aol o8, - qAire] EAAse]&]] Fe'' &
A7) dFel e T ATl R ruET gl
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Table 3. Substrate specificity of endoinulase from Stre-
ptomyces sp. S56

Substrate Relative activity (%)
Inulin 100
Sucrose 0
Raffinose 0
Melezitose 0

S/T'=0

Enzyme activity was assayed in 0.1 M sodium acetate
(pH 5.0} buffer for 15min at 40C and one unit of
activity was defined as the activity liberating 2 pmole
reducing groups, except for inulin (1 pmole), per 1
min.

total units of invertase activity

1 I= : : —
>/ total units of inulase activity
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Fig. 6. Thin-layer chromatogram showing the formation
of fructose oligomer during degradation of inulin (2%
(w/v) in 0.1 M sodium acetate (pH 5.0) buffer) by incu-
bation with 0.5 units of endoinulase at 40°C.

[: Inuln, F: Fructose, S: Sucrose, H: Inulin hydroly-
sate.
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Fig. 7. Inactivation of endoinulase by N-bromosuccini-
mide.

The reaction was carried out in 0.1 M sodium acetate

(pH 5.0) buffer with 0 to 0.5 mM N-bromosuccinimide
for 1hour at 40TC.

lase S/18]7} 02 Z 4] invertase &4do] Aol =
A3 A<l endoinulase(inulinase, EC 3.2.1.7) & v}e}
wth(Table 3).
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Fig. 8. Reaction of endoinulase with various chemical
modification reagents.

The chemical modification reactions were carried out
in 0.1 M sodium phosphte (pH 7.0) buffer, except for
carboxyl groups (0.1 M sodium acetate (pH 5.0) buffer),
with the indicated concentration of modification reage-
nts for 1 hour at 25C .
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