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Purification and Characterization of Extracellular
B-Xylosidase from Fungi
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Abstract — The B-xylosidase from Penicillium sp. FX-102 was purified by 40~80% ammonium
sulfate saturation, CM-Cellulose column chromatography, Sephadex G-200 gel filtration, and isoelec-
tric focusing. The optimum pH and temperature for the activity of the B-xylosidase was pH 45
and 50T, respectively. The enzyme was stable at the pH range of 4.5~55, and at 55C for 10
min. The molecular weight of the enzyme was estimated to be about 300,000 daltons by Sephadex
G-200 gel filtration and 310,000 daltons of monomer by SDS polyacrylamide gel electrophoresis.
Isoelectric point of the enzyme was determined to be pH 4.4. The enzyme activity was strongly
inhibited by Hg**, Ag’*, #n-bromosuccinimide and p-chloromercuribenzoate. Xylobiose (10 mM) was
completely decomposed to xylose after 8 hrs enzyme reaction with 2 units of the B-xylosidase.
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1028 AMg-sldct. a9 vl 05% xylan,
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Fig. 1. Column Chromatography on CM-Cellulose of
extracellular B-xylosidase.

Crude enzyme solution (150 m/) after ammonium sul-
fate precipitation was charged on a column (3X30 cm)
of CM-Cellulose which had been equilibrated with 0.02
M sodium citrate buffer at pH 4.0. Elution was carried

out by the application of linear gradient of 0~05 M
NaCl. |
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Fig. 2. Sephadex G-200 column chromatography of (-
xylosidase.

The column was eluted with 0.02 M sodium citrate

buffercontaining 0.1 M NaCl (pH 4.5).
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Fig. 3. Isoelectric forcusing of the B-xylosidase.

Isoelectric forcusing was carried out at 4C for 48 hr

at 500 V.
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e . AA = B-xylosidaser °F 32%2 3
-8-3F glycoproteine] §1.2.9, Aspergillus niger KG
(18)7} A AHgl B-xylosidase®] w§HaFe] 22.5%< 7l
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&4 §AM0| ojxls pHY 2o 85X &
A mA= pHel %3-S JEZ A= Fig 59
ehd whel o] B-xylosidaser pH 452 0.02M
sodium citrate buffereA] Zd FAL Jehjich
o|2¥} A= Chaetomium trilaterale(13)3 Emerice-
lla nidulans(14)%} Trichoderma vz‘ride(lS)?} Y AbS
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Fig. 4. Polyacrylamide disc gel electrophoresis of the-
purified p-xylosidase.

Table 1. Summary of the purification procedure of P-xylosidase from Penicillium sp. ¥FX-102

o n Total protein Total activity Specific activity Yield
purification step (mg) (units) (units/mg) (%)
Culture filtrate 12,400 26,550 2.1 100
(NH4).50, saturation 3,186 22,978 7.2 87
CM-Cellulose 154 14,640 95.1 55
Sephadex G-200 15.4 2,883 187 11
Isoelectric focusing 3.2 1,280 400 4.8
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Fig. 5. Effects of pH on the activity of B-xylosidase.
The buffers used were sodium acetate buffer (—@—),
sodiumcitrate buffer (— & —), potassium phosphate bui-

fer (—O—).
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trilaterale(13)3} Emericella nidulans(14)2} Trichode-
rma viride(15)8] A &% 55C 2} Penicillium wori-
manni7} YA 45572 B-xylosidase 8] HA 2w
7} 55C o] 65C a1 7ZiXc} yglc)

4 ot5Mof olxle pHRE =52 HEE . S-xylo-
sidase?] atAAdoll v]xl+= pHE ¢332 pH 4.001 A
5.5 Alolell wlA <rAE] 2, pH AL Peni-
cillium wortmanni7} AR B-xylosidase FAE0)
pH 5.0¢ 4] 6.0 A}e]ol]A] gtA3}r}= Matsuo 5(5)%]
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Fig. 6. Activation energy on PNPX hydrolysis.
Buffer used was 0.02 M sodium citrate buffer (pH 4.5)
for the B-xylosidase. Reducing sugar was determined
by Somogyi’'s method.
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Fig. 7. Effects of temperature on the stability of extra-
cellular B-xylosidase.
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Fig. 8. Determination of the molecular weight of the
purified B-xylosidase by 5% SDS-polyacrylamide gel
electrophoresis.

A: apoferritin, B: B-amylase, C: alcohol dehydrogenase,
D: bovine serum albumin

it Aol skl

= Al | Sephadex G-200¢] 2131 gel <)o 2]s
49 FAeFS A A, A= B-xylosidase 2]
22 o 300,000 F35 92w, SDS polyact-
ylamide gel F7|d%] 2 AF7lA] REax u}
P+ FA=F oF 310,0002] monomer®E 3=}
(Fig. 8). ¥ 2] B-xylosidase?] 7% 1 71 w}al
A o] o) choksle). Aspergillus niger(6)7} A Ak
gt B-xylosidases= Sepharose 6B gel o 3}o] 2]3)
¥AFF °F 480,000, SDS polyacrylamide gel A7)
& &3l 128,0002) tetramere]l¢lex, Chaeto-
mium trilaterale(13)¢] 4%} B-xylosidase= Sepha-
dex G-200 gel oJ3}ol] s Ex}gF <F 240,000, SDS
polyacrylamide gel A7) <45l ¢Jsl 118,0009] di-
mer® B V=W, Bacillus K-17(16)c] A ALaH
B-xylosidase—= SDS polyacrylamide gel %17] °d%-oj
o5 FEAFsF ek 51,000, Emericella nidulans(14)7)
A A3} B-xylosidasex Sephadex G-200 gel o3}
ofs) EAl=F <F 240,000, SDS polyacrylamide gel
A7} 4z 23 116,0009] dimere)g i, Malbran-
chea pulchella var. sulfurea No. 48(17)e] Y 4MgF B-
xylosidasex Sephadex G-200 gel o«3}ol] o] X
A=F 2F 26,0002 ¥ ¥ g}

713 S0ld 3 7|A sk %

218501 : ZF glycosideol| W3l A 7]H 5olAd
< AEF A7, 2mM xylobiosed] W& B-xylosidase
#A4E 10028 395 o, 2mM xylotriose, xylotet-
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Table 2. Hydrolysis of various glycosides and synthetic
glycosides by purified B-xylosidase

Glyr(:;ﬂs)ldes Concentration Izgtlia:;z;e
Glycosides
Xylopentaose 2 mM 79.8
Xylotetraose 2 mM 85.7
Xylotriose 2 mM 92.1
Xylobiose 2 mM 100
Cellobiose 2 mM 0.5
Laminarin 2 mM 0.0
Xylan(oat spelt) 1% 20
Soluble starch 1% 0.0
DDS 1% 8
CMC 1% 0.1
Synthetic glycosides
ONPG 2 mM 04
PNGP 2 mM 5.1
PNPX 2 mM 100
MXP 2 mM 0

ONGP: o-nitrophenyl-B-D-glucopyranoside, PNGP: p-
nitrophenyl-B-D-glucopyranoside, PNPX: p-nitrophenyl-
B-D-xylopyranoside, MXP: methyl-B-D-xyloside

raose, xylopentaose® Z+7} 92%, 86%, 80% 7}4-5
g5t 52, 1% xylang 20% H-3l38lgd o, 1% DDSE
8% H3 &l r, CMCE 4% F&lslel.em, lamina-
rin, soluble starch+ " F38§&lx] X3} Table 2).
A 713 dF 7 sl &2 2mM PNPXE 2
units/m/ 2] B-xylosidase 2. 7}5=H-sl3to] JAIxl p-
nitrophencl2- 100°.2 3¢l o, ONGPE 04%,
PNGPE 51% 7}33] sl MXPol= 3 A}
2312 B3t Table 2). Penicillium sp. FX-1027}
A Abs= B-xylosidase”’} ONGP2 PNGPE Eajsh=
d4-& B-glucosidase 443} 7 F&3S A|AFshH,
Chaetomium trilaterale®] B-xylosidase #&4de] B-glu-
cosidase &AM FA -FEJth= Uzie 56, 13)¢
B} Stachybotrys atra®] AAEH B-glucosidase ¥
do] B-xylosidase ¥AS vehfy, o] F A4
gAido] ZH2 e 7]9lgtc= Bruyne 5(19)2] X
aots dzjzhs Adck a2 o]lE F A4 ¥
Aol fAIFE 57 A Q] v K297 AP v
AHdx K20, 21). ulzbx], AP B-xylosidase2}
B-glucosidase &Ajo] 72 Zv] H-9o Exfjst= %
o] FE AFe A3l FF FHI}H AFLE E3)
HEE o Aot} rgl, MXP F-siol] &lodi= Mualb-
ranchea pulchella var. sulfurea No. 482] B-xylosi-
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Fig. 9. Lineweaver-Burk plot of [-xylosidase.

Table 3. Effects of various metal ions and some reage-
nis on the activity of extracellular pB-xylosidase

Relative activity (%)

Reagents
1.0mM 01mM 001l mM
None 100 100 100
Metal lons
MnCl, 95 92
ZnCl, 100 86
CdCl, 96 101
SI’IC]Q 70 84
Hg(l, 0 15 30
MgCl, 97 89
BaCl, 106 8G
CoCl, 92 95
SrCls 103 88
CHC]z 109 96
KCl 91 100
FeCl, 61 82
FeCl; 27 51
CUSO.; 32 67
Reagents
SDS 92 96
EDTA 91 95
NBS 0 0 42
»-CMB 0 82 98
L-Cystein 100 G5
Na;HAsO, 103 86
PCP 95 G4
2-Mercaptoethanol 98 92
MIA 85 80
TCA 104 100

SDS: sodium dodesylsuifate, EDTA: ethylenediamine-
tetraacetate, NBS: n-bromosuccinimide, p-CMB: p-ch-
loromercuribenzoate, PCP: pentachlorophenol, MIA:
monoiodoacetate, TCA: trichloroacetate
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Fig. 10. Time course of hydrolysis of xylobiose by f3-
xylosidase.

dase”7} MXPE #sl3lx 3t Win(25)¢ A3
o} AdA)stg e}, Aspergillus niger®) B-xylosidase
+ MXPE E3)3}lgch= Takenishi 5(23)9] B <}
= AhbEE AAE Jehf o

Km % Vi - 0.02M Sodium citrate buffer{pH
4.5)el 4] B-xylosidase2] PNPXd| ¥t Km #te Li-
neweaver-Burk plot(24)2. 28 &A% A7, Km

L2 083 mM/miejle™, V...~ 1.33mole/mine]
A cHFig. 9).

2% 0l % 32 XaHel Hg: B-xylosidase
galel| vlale= G5 o] &9 <d&e& 1mM Hg" ¥
1mM Ag’'ell k%3] #Ae] A= en, 0.1 mM
Hg*" ol 85%, 0.01 mM Hg?* % 1 mM Fe**, Cu?' 4]
70% A=y &4 X3 A7} B-xylosidase 4]l
vl 43S HES A3, 1mM NBS, p-CMB =
0.1 mM NBSel| 7}s}4) A& xgies, 0.01 M NBSeq
60% &)= glcHTable 3). ©1218F A#= Penicillium
wortmanni(5)7} A AYsh= B-xylosidase7} 1 mM NBS,
Trichoderma viride, Chaetomium trilaterale, Penicil-
lium wortmanni 1IFQ 7237 X Malbranchea pulchella
var. sulfurea No. 48 (5, 13, 15, 22)2] B-xylosidase”}
1 mM Hg®" "2 NBSel| ZtsHA| Asis vk d3ele
HAskA ok

Xylobioseoll CHBF B-xylosidasell ZHe-EED}
7 &8 422 HE

Xylobiosey= 4Fg 2059 50%, 40%- 70% A%
w3 ¥l 5, vhg- 821 1ol s ¥ F-8l = ¢l cKFig. 10).
10 mM xylobioseol] th3t A A B-xylosidase2] 7}
F&] A28 TLCel| 9&) ZAg A7}, vk 208-5-¢
el xyloseZl A&, wHS 8417k 2HH 3
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sates by B-xylosidase.
X:: xylose, X2: xybiose, X3: xylotriose, X,: xylotetraose
as standard

11.68

1% Xylose

Retention time (min)

Fig. 12. HPLC of xylobiose hydrolysates by [(-xylosi-
dase.

xylose 2 ¥3l =] gl chFig. 11). o]={dt Aal= Malbra-
nchea pulichella var. sulfurea No. 48°] A Absl= B-
xylosidase”} 2% xylobioseZ 7AX)7 o] 2143 s
stdvl= Matsuo 54(22)°] R uel%® fA}sle]on,
Win 5(25)8] Penicillium wortanni IFQ 7237¢] A
Ak B-xylosidase2} Z-8 transxylosilation acti-
vity© f1i-2m, HPLCell 93} ek o oy
e AE dgickFig. 12),

Kor. J. Appl. Microbiol. Biofechnol.
2 ¢

Penicillium sp. FX-1022%-8] AM3E B-xylosida-
ses A4 ¥, BAE AHASI BT AAS
AE 3t

A E9] B-xvlosidasew v AE-H o2 HE 40~
80% 344} ot2F B3 CM-Cellulose column chro-
matography, Sephadex G-200°] &3t gel <3} 2
isoelectric focusingell 2]3] AAI=E¢lom, v|FAL
400(units/mg), 3582 ofF 4.8%% 2F 1908 FH A
gl AA = B-xylosidased) Ei,'*(280 nm)= 104
olglew, 32%2 < Fi glycoproteino]gich A
24 33 pH+e 4.50]91o9, vkg 33 %= 50T
gom, A3} oy x]+= 3.2 Kcal/molel o} B-Xylo-
sidasex= sodium citrate buffer pH 4.5¢l4] <}# 3}
gon, oo g HAHAL 50T oA 108 <A
stoj o), 80T olA 108 24135 A=} F-#
22 Sephadex G-200¢] 2%t gel od3}o]| 2]3}e] <}
300,000, SDS polyacrylamide gel #7]ed%o]] 2]&}ed
F-2peF <F 310,000%] monomerZ. F+AE g om, B-
xylosidase®] SAHHL 4.40]gdch PNPXe| i3k B-
xylosidase®} Km 32 0.83 mM/mieo|gl o, 7)A
E.0]A]-& laminarin, soluble starch& ¥33}%] &3}
Heoewm 3FHA 7]z ONGPe} PNGPE Falstge
g B §4+ B-glucosidase A TE37 Q-8
< FAE 7 Ut

B-Xylosidaset= Hg**, Ag**, m-bromosuccinimide
%! p-chloromercuribenzoateol| 7}3}A] #Ado] A3l 5]
At} 2 units/ml2] A = B-xylosidase+ 10 mM xy-
lobioseZ WHS- 8A|Zbel] b 3] F-sf)slaict

2l @

B d4+= 19929% IrEtaist od-tu] ® Y
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