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Purification and Characterization of B-Glucosidase from Aspergillus niger SFN-416. Chan-Ki
Sung', Sang-Won Lee’, Seok-Kyu Park*, Jeong-Ro Park’ and II-Shik Moon®. 'Deparfment of
Chemistry, Chung-Ang University, Seoul, 156-757, Korea, *Department of Microbiological En-
gineering, Chinju National University, Chinju, 600-758, Korea, °Department of Food and Nu-
trition, ‘Department of Chemical Engineering, Sunchon National University, Sunchon, 540-742,
Korea. — B-Glucosidase (EC 3.2.1.21) was purified from Aspergillus niger SFN-416 by a sequential pro-
cess of ammonium sulfate precipitation, Sephadex G-100 and DEAE-Sephacel column chromatography.
Molecular weight of the enzyme was 46,000 daltons. The K, and V,_,, values for PNPG were 0.67
mM and 25 moles/m/ - min., respectively. The optimum pH and temperature of the enzyme activity
were 3.5 and 58°C, respectively. The enzyme activity was decreased by addition of metal ions, and in-
creased by addition of methanol, ethanol, isopropanol and 1-butanol at a concentration of 10% (v/v).
Stability of the enzyme was increased by addition of isopropanol and 1-butanol at a concentration of

10% (v/v).
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Aleko 2  p-nitrophenyl-B-D-glucoside(PNPG),
coomassie brilliant blue R-250 % Fluka Chemie
(Switzerland) A -8, p-nitrophenol(PNP), Sephadex
G-100, bovine serum albumin 5~ Sigma Chemical
Co.(St. Louis, US.A) AES, DEAE-Sephacel
Pharmacia Fine Chemicals(Uppsala, Sweden) #|&-&,
standard marker protein< BIO-RAD(Richmond, CA,
US.A) AEFS AH3Hodc) ol9fe O& Adn E3-&
ARt

pH vlE]7]+= ORION model 520A(Boston, MA, U.S.
A)E, WEUAEeE]7]E Vision Scientific Co model
VS-15-CF(Seoul, Korea)E, UV/VIS Spec-
trophotometerv= Hewlett Packard 8452A(Palo Alto
CA, US.A)E A3kt
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RE 9 F23848 wix]= 7} potato dextrose
agar(PDA) % malt extract agar(MEA) ¥j=] 5 A}-8-3}



lo, 4448 71 el =1 (6)= KH.PO, 2.0 g, (NH,),
SO, 1.4 g, urea 0.3 g, CaCl, 0.3 g, MgSO, - 7H.O 0.3
g, Bacto peptone 1.0 g, CMC 10.0 g, trace solution 1.0
mi(FeSO, - 7TH,0 0.5%, MnSO, - 7H,0 0.16%, ZnS0O,
- TH.O 0.14%, CoCl, 0.2%), tween 8¢ 2.0g, DW 1.0
Lz 2A|8}e] Abgsholc,

o B U TEAN TX

A RS AAuR] 10 mlE L-type A3 3ol o
AF(121°C, 10 min)3ky, FAFEEY 0.5 miE 774
ol A AHEdke] 30°Coll 59 -9 ZIEM ¥ (120 rpm,
storke 5.4 cm)dt thg, wieFl-S A2 (8,000 rpm,
20 min) &k 3, 21 ARA AL -20°CE W 7HA]Z] ethanol&
7}8led &1-2, 709 ethanol(v/v)# A &S §,000 rpmel 4]
20874 dAlR2] A1 71 3 0.02 M acetate buffer(pH 4.

0ol SHAA ZEAT AU
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w4 A 23HE Kohchifi (1Dl we} 0.05 M so-
dium phosphate buffer(pH 5.5)el] £&i3t 4 mM p-
nitrophenyl-B-D-glucoside(PNPG) 1 m/& &4} &3
gk oh-g, 37°Cell A 208-7F vH8-A]7]1 12, 0.5 M Na,LO, 2
mlE 7}sto] vhE&-& AR A 7] &, by o] gy
£ 400 nmolA A3t fFel® p-nitrophenol
(PNP)S HEFAdelA AwFsled o, 3434 unit=
umoles-PNP/m/ - min® 2 & A|3}iv},

kA o) =w = Lowry(12) 52 vl el uet 543}
odom o] u ZTHFIMNZAZ hovine serum albumind:
ARE-3ked 750 nmollA §38 5 F St AEFAUE
Ay &to] A ekslaic)

q5 A

ZE4E 4°CollA] ammonium sulfate® 30% E3HA]
A 1417} E<t vhx| 4170 3, 8,000 rpmeil A 10853k
Azl sl AFEel-S 2ol 4°Coll4] ammonium sulfate
2 90% FE3HAIA s 9 whE| A7) 3, 4°CellA 12,000
rpm % 3087 A Rest] 4 AHEE 0.02M
acetate buffer(pH 4.0) 2% 83§ A 7},

Sephadex G-100-2- 0.02 M acetate buffer(pH 4.0) &
A2 A 72417 gk EH T (10X 900 mm) e
ZA A17151 0.02 M acetate buffer(pH 4.0)E 3 A7l
& ammonium sulfate(30~90%)2 E3}A|H FHE A A
2 B4F 0.02M acetate buffer(pH 4.0)2 £-=A1%
t} o] v FEHFEe AAFELE 9y, &N
mi¥ Z¢ A| g el Rigir), o] ] 7} 8592 280 nmol| A
chulzl-8- shaelslod 71, o]ef{4] 400 nmeliA HA4 AR
& &3]3 opg, Ao} & HEaRE Hol YEdxro]
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DEAE-Sephacel<= 0.02 M acetate buffer(pH 4.0)2.

F AL vhE, EF3H(150 % 280 mm) ol FHA17] 2 0.02

M acetate buffer(pH 4.0)2 ¥ 38& §-X|A|Hc}) o] &

F3-L- Sephadex G-100 column chromatographyel <
sl B G485 FHAZ F 0~0.5M NaCl2

linear gradientd}o] §FA1Zc} o] o £-E5%%+= 15
mi/hr 2 3137, £ 3 mi4 2h A 3ol Hopal v,
ol9] z} £-FNL v A4 A EE FAT o
5, 357 & FEE Fol ol F AHAH mAdow
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AAE axe] ¢ 2 EAEE FA 7] fsA
SDS-polyacrylamide slab gel #7]°3%-5 Laemmli®|
g (13) 22 d1skdnt. o] o 10% polyacrylamide
gel-S AFE-3le] 25mAE 3A17F Fot A r)ed-wahed vt o
Fol Exl gelS 0.25% coomassie brilliant blue R-250
o2 A3 oS @A A A A Ao} EAfeke kel
% th.

Eapek-g A7) ¢lste] oAl A A7)
F3te] 152 AA A olF AR L] gt FFFAS A
Asle] FRlERS HAsknh AFdh A = ovalbumin
(45,000 daltons}, bovine serum albumin(66,200 dal-
tons), phosphorylase B(97,400 daltons), B-galactosid-
ase{116,250 daltons), myosin(200,000 daltons)= A&
aloict,
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B-Glucosidase2| &

Aspergillus niger SFN-416°2.24%-e] AqAdqk B-glu-
cosidase -20'CEZ “¥ZtA1Z) ethanold 7I3bed, 70%
ethanol(v/v)H &3 L3t

o] AAH-Ell 0.02 M acetate buffer(pH 4.0)¢l] £-3|| A]
Z1 ¥ ammonium sulfate (30~90%) % EIA|AH L&
A A B5 Sephadex G-100 column chromatography
2} DEAE-Sephacel column chromatography2 3,
Fig. 17 Fig. 2ell4] Ri= nps} 7ro] A AabAle- vhehy
%t

Table 10| v}elH vle} o], A A A specific ac-
tivityx> 8404 21.5 units/mg protein ¢S,
ammonium sulfateoll &g+ AAHH e 2= 324 units/
mg protein® 2 a4l Bl&)] 1.500 AHA=Hgc 12
1 Sephadex G-100°l £&]&lA{+= specific activity”}
137.1 units/mg protein &2 6.48] , DEAE-Sephacel®|
284 = 7054 units/mg proteino-F 32.89] A A|H
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Fig. 1. Elution profile of B-glucosidase on Sephadex G-100
column chrematography (10 < 900 mm).

An aliquot of each fraction was assayed for B-glucosidase ac-
tivity (—@®— ) and protein {—4&— ).
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Fig. 2. Elution profile of PB-glucosidase on DEAE-Sephacel
column chromatography (150 X 280 mm).

An aliquot of each fraction was assayed for B-glucosidase ac-
tivity (@-@) and protein (A-4). A linear gradient indicated by
the solid line.

Table 1. The purification of 3-glucosidase from Aspergillus niger SFN-416
%

t}. 3, Dharmawardhana 5-(14)-2 lodgepole pine xy-
lem®| B-glucosidase specific activity 0.04 nkat/mg®l
41 110.0 nkat/mg °.2 2760v] FAAHEE ¥ w3l 7,
Chun $(15)2  Penicillium verruculosum® B-glu-
cosidase specific activity+ 1.1 U/mg proteineix] 144.6
U/mg protein®2 1279 AHAEE Jehisic), 2 p-
glucosidase®] A A %=+= Dharmawardhana 53 Chun
2] Z2Fe} vlws] 2 o AAEE Jokor} specific
activity+= 4| epgo}

AT HEk

142] F571 B-glucosidase?] ¥MEE% ol rlx]:
F¥S HAET] A8t 0.05M sodium phosphate
buffer(pH 5.5)¢ll PNPG® 3=%& 0.1~2.0 mM7}=] ¥
A 7IHA vEL g 2 slo] Lineweaver-Burk®
P (16) 22 plotdt 23}, Fig, 3ol vpeldl vpe} 3o
K.at2- 0.67 mMeo|2l 72 V.. 352 25 moles/m! - min.©]
%t ¥HH, Dharmawardhana 5(14)2 lodgepole pine
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Fig. 3. Double reciprocal of PNPG concentration vs activity
of B-glucosidase from Aspergillus niger SFN-416.

L Volume Total activity Total protein Specific activity Purification Yield
Purification step (ml) (units) (mg) (units/mg protein) (fold) (%)
Crude extract 125.0 2095.6 97.5 21.5 1.0 100.0
{(NH,),S0O, (30~90%) 3.6 1489 .4 459 32.4 1.5 71.1
Sephadex G-100. 39.0 1229.7 9.0 137.1 6.4 58.7
DEAE-Sephacel 15.0 162.2 0.23 705.4 32.8 7.7




xylem?] B-glucosidased] K.zt& MUGeIA 2.3 mM,
4-NPGell4 1.9 mMe] MUG B-glucosidase®} K.zt
2 MUGHIA 0.18 mM, 4-NPGellA] 0.17 mMY-& ¥
31, Chun $(15)2 Pewmicillium verrwosum® B-glu-
cosidase®llA] PNPGE 7|&A 2 AFR-3}1-& o K 3kel 0.
20 mM, V..@< 0.29%x10° mole/secy-& 2ot £
B-glucosidase= PNPGel i3} Chun 5°] 228 72 X
o} kg 31318 7138 o o ek

=0 Ak

B-Glucosidased] Aol vl X += S EEI}E FA 7]
2]3bed 0.05 M sodium phosphate buffer{pH 5.5)l
PNPGE 4 mMEA &34]7]32, o] S4F 3l 2%
Z 20°Coll A 70°C7HA] Wd A 7| A A AH g4ade 7}
st AL &A3 A3} Fig. 40] viehdl ulel o]
58°CellA o AL vygct Chun 5(15)2 Pen-
ictllium verrucudosum® PB-glucosidaseol| 4] | &Al-&
EE 70°C, £EAHAAE 60°C o dellA o] F3F2~
A A4S welch £ B-glucosidased] HAHEAAZE
+= Chun 5°] ¥ 13 A2 v} gt

pHS| H&k
B-Glucosidase®] &Adell vl x| = HA pHE FA 3171
218}ed 20 mM citrate-40 mM sodium phosphate di-
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Fig. 4. Effect of temperature on PB-glucosidase activity of As-
pergillus niger SFN-416.

Aspergiflus rigerEFE] MM B-Glucosidase 47

hasic buffer®2 pH 3.001l4 pH 6.0717] A5}
PNPGE 4 mM=A &34 713, of -&83 FHalq A
A ZAaNS 7hetx, 2 84S SAI 2T Fig. 5l
A Hi=ule} o] pH 3.5 F-ZellA] A HEA3E ehy
At

pHeHEA-S &A3r] $13led 20 mM  citrate-40
mM sodium phosphate dibasic buffer® pH 2.6l4]
pH 6.07Fx] ZA|sl1, o] £H& #Hsle] A T4
5 7F8kar 37°CellA 14| 7Hg<t W% F 4 mM PNPG
£ 713te] A& ST 2 Fig. 694 B vjet 3
o] pH4.5 ol Atell A G437 4] ZAE Bt 3,
Dharmawardhana 5-(14)2 lodgepole pine xylem]
B-glucosidasellA] A pH+ 30°CollA 5.42F 59401 <]
+ B3, Chun F(15)2 Penicillium verruculosum®]
B-glucosidaseolA] #A pH+= 5.001d71, pH HAATS
4.594 6.0A 1S i) B B-glucosidase Dhar-
mawardhana 53 Chun 528 23} ¥t v Y2 pHel
A ) #gA4S B, pHM e o] W& pHellA 7
A% ¥sich

=250|=2] JF
F4ro] &50] B-glucosidase B ol vlal& o33FS <
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Fig. 5. Effect of pH on B-glucosidase activity of Aspergillus
niger SFN-416.
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Fig. 6. Effect of pH on B-glucosidase stability of Aspergillus
niger SFN-416.

5.5)°l PNPGE 4 mMEA L3473, o] L-Hof =z}
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Wi, 53] Cu*ellA AAdi&dAde] 16.7%= 714 A3 #

=7t w2 712 E vepgde}, §H Chun $(15)2 Pen-
ictllium verruculosum®] B-glucosidasesll4] 1 mM Hg”
= 89%, 1 mM Cu’'= 73%%] M)A EE el i
05"4 £ B-glucosidaset= Chun 52| ZA3}B ) Cu?telA]
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w7 | Z 0Ll HEk
+71-8-ui 7} B-glucosidase&Ad o] wlx]= 3 8kS <o}
®7] ¢3ted 0.05 M sodium phosphate buffer(pH 5.5)
]l methanol, ethanol, isopropancl % 1-butanol Z}7}2]
Z 10%(v/v)S A8l a1, PNPGE 4 mME Al 234
A, 3TCE FAAZIHA HAd 4N E 7lste] A
< &3 75-4 Table 33 Zc}. Table 3o viehd nvle}
2ol ¥ & A4S vz, 3] 1-butanolellA]
179% 2 713 %ﬁtlr.
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Table 2. Effect of metal ions on B-glucosidase activity of As-
pergillus niger SFN-416

lons Concentration (mM) Relative inhibition (%)
None 0 100
K' 2 95.9
Na' 2 98.3
Ca™ 2 94.5
Co™ 2 91.8
Hg™ 2 97.6
Sn™ 2 92.5
Mg” 2 96.6
Cu® 2 16.7
Fe™ 2 66.6
Mn* 2 59.4
Znt 2 86.0

Table 3. Effect of organic solvents on B-glucosidase activity
of Aspergillus niger SFN-416

Organic solvent Concentration {%) Relative activity (%)

None 0 100
Methanol 10 169
Ethanol 10 131
Isopropanol 10 110
1-Butanol 10 179

Table 4. Effect of organic solvents on B-glucosidase stability
of Aspergillus niger SFN-416

Organic solvent

Concentration {%) Relative activity (%)

None 0 100
Methanol 10 87
Ethanol 10 100
[sopropanol 10 107
1-Butanol 10 132

o] 0.05M sodium phosphate buffer(pH 5.5)¢] me-
thanol, ethanol, isopropanol ¥ 1-butanol 2422 F &
= 10%(v/v)= Al etar AA" AsHE 71s)e] 37°CE
A /‘l 5’]”‘1/‘1 30~‘!'?'-7P "—”’5{] gk % 4 mM PNPGE ?}6‘}"3"

i H}S’—} 5‘"“*] methanolﬂlﬁ "'HH%}”H O] 7% 2 <k} %
8 =] 37, isopropanol® 1-butanolollA| && #AS v
efiict. 53] 1-butanolellA] 132%2 714 3;,5—2{}1:]-,
H A2 RE Aspergillus niger SFN-416 2.2 e A
Ab=l= B-glucosidase F-7]-2-vf A B] A Q&I A
28 Aot wepy] fr] it eR 84 vhg-§ 9]
S8t HAEA, B S22 NE HEA 3 18
22 e s AeE Ak
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Fig. 7. Molecular weight determination of B-glucosidase from
Aspergillus niger SKEN-416 by SDS-PAGE.

A; Myosin (200,000 daltons), B; B-Galactosidase (116,250 dal-
tons), C; Phosphorylase B (97,400 daltons), D; Bovine serum al-
bumin (66,200 daltons), E; Ovalbumin (45,000 daltons), Lane 1:
Sephadex G-100, Lane 2 : DEAE-Sephacel.

A7]°d 55 3l] & 2 xRS &3 8] Fig, 7o v}
b}, o] AFRZRE Aspergillus niger SFN-4162

Z2HE] A B-glucosidase?] A2 46,000 dal-
tons2>2 #al=gdc} 3, Dharmawardhana 5(14)&
lodgepole pine xylem® PB-glucosidases SDS-PAGE3}
o 28 KD & dimeric structured2 ¥.33357, Chun %
(15)=  Penicillium verruculosum
SDS-PAGE3}™ 105 KDY 2iv)
B B-glucosidase®] A8 Dharmawardhana 5]

B-glucosidaseE

B3 BRlekd ol 337 Chun S¢] 278 ¥xjsky
o= 22 o2 v Mol
| =

Afra 93tat 59 34l exo-B-1,4-glucanase
(Cpe #BAL A8l cellobioses H3lA|7]= B-
glucosidase{B-D-glucoside glucohydrolase, EC 3.2.1.
21)5 wol Buldl= Aspergillus niger SFN-416££*‘?’—
B v|2AH f7]8 0o 243 B-glucosidaseS F-2] -
VA Aty

Aspergillus niger SFN-4162] wjoFi-& ethanol(70%)
AH, (NH,),S50,(30~90%) 3 *, Sephadex G-100 chro-
matography % DEAE-—sephacel 10n chromatography
-2 BAANAA-E A3 A 32.88) FAFEG T, A AL
| 4 A gL E 58C, A pHE 3501“4 Lo
Zo]of i3t A0 BAL HF-E JAIE
3] Cu®*ol|A A =7} 7+ 2 A vhepsdo

344714l PNPGell digk K.#b2 0.67 mM, Vi<
25 moles/m! - min®|sl 3, ¢] &4l ¥xp=ke SDS-
PAGE® ¢]3}] 46,000 daltons>-& AA =]}

L=
MJ—-;' g |
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o] TA8] f7)8ohel tE AT FHML 10%)
methanol ethanol, 1sopropanol % 1-butanoll] W&t 3

Lo AT A3 B B BHE BAT, 23] Lbu-
tanol‘*ﬂfﬂ Aol 179% 2 714 lg,;—akwu:] Qb A2
10%9] isopropanol % 1-butanolell4] &2 A2 ¥l
t}. o2 Aspergillus niger SFN-416<>1 AAFEE B-
glucosidasew B =& A} 77| Boljof 9%

Z1o2 Azt uebx] 2 B-glucosidases o]-£-8)o]
A Al Fol) SAs= HAHA cellulosed 7H=E3) Al 7]

el 7] 2del xpur} 9 Ao gz,
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