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B -N-Acetylhexosaminidase from T'ypha Pollen

Toru FUNAGUMA, Satoshi OKI and Akira HARA

Laboratory of Biological Chemistry, Faculty of Agriculture, Meijo University,

Shiogamaguchi 1- 501, Tempaku-ku, Nagoya 468, Japan

B-N-Acetylhexosaminidase (EC 3.2.1.52) was detected in the crude extract from
Typha pollen. The activity decreased little by little during the cultivation of the pol-
len on an agar medium. The enzyme was purified about 20,000-fold with a yield of
about 23%. The purified enzyme was homogeneous on polyacrylamide gel
electrophoresis (PAGE). The molecular weight was estimated to be about 120kDa
by gel filtration and about 56kDa by SDS-PAGE. The enzyme showed high activi-
ties toward p-nitrophenyl- 8 -N-acetyl-p-glucosaminide (optimum pH 6.0; Km
0.68mM) and p-nitrophenyl- S-N-acetyl-p-galactosaminide (optimum pH 4.5-5.0;
Km 0.83mM). The enzyme possessed weak ability to hydrolyze N-acetyl

chitooligosaccharides.

Key words: S-N-Acetylhexosaminidase, Glycosidase, Tvpha pollen.
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1. &8

#= (Typha latifolia) O EAAER (& 1993 426
KU 1994 ED 6 HICEREL R AL B & Ok
MR B WTEIN L, %R T 4 HREEZ G, (1 2
T —20°C TERIFEL 72

2. BEsm

p-=btO 7 2=N-B-N-TEFIN-D-7 T4 I =
F (pNP-B-GleNAc¢), p-=+b8 7 = =)b-B-N-7T
FN-D-HF 7 b= F (pNP-B-GalNAc), 4-
AFIY R T 2 )I-8-N-7 & F )b-D-7 )b 3 4
I =F (MeUmb-B-GleNAc) BLU4-AF o v
N7 2 )IW-B-N-TEFIW-D-H5 27 bH 3 =F
(MeUmb-3-GalNAc) (3 Sigma tt2 SlA L 72,
flhd p-= ~ o7 = = UECHIA, Gt + - ~ (Sil-
Best stain, ¥ ¥ HH) BXUFFviz+ a5 4
FAIHMOEA LI, E/2, N-TEFLF A
oW (B-1,4-%56 L7 GleNAe DA ) o= —, -
GleNAc:, 1-s) B LELEMSMAL 2.
DEAE Bio-Gel Agarose 4 Bio-Rad Laboratory
¢/ 5, Con A Sepharose, Epoxy-activated
Sepharose 6B 4 & ¢ HiLoad 26,60 Superdex
200pg & Pharmacia Biotech fL4 5, TSK gel
Phenyl-TOYOPEARL 650M, TSK gel DEAE
2SW B X0 TSK gel Amide-80 ld5 v —#lh SHEA
L7. &7, Ultra Thimble UH 10010 {
Schleicher & Schuell tLA SHEA L 72,

3. TEMOEES LUBRRDORAE

A8y % RIS 2 IRFRTES et s U 7o MO o 1% 20em
DYy —LZEMEL, 1.5% LRKDHDEMHIZ 200m]
oMK, ThENICIER 500mg 2k IC £ &,
30°C THEFE L 7o BIFIC/ERY A& 10mM b ) 2 — I
Meiz g (pH 7.5, LAN A Bl &4 5) 10ml (<
WothL, KB FcF7oy—#H5AKEY F A H—
T (3,000rpm, 10min) L7, &FEY £ — K

& AR LT BT R, m0 s EE (20,000 X g,
10 min) Zfrv, Honi& LiEEECrE 8-
HexoNAcase DiGVAT) 2R 2 1o OREHKK & L
7z

4. pB-HexoNAcase ;&MAIE
omM pNP- 8 -GleNAc (£ 72 (& pNP- B -

GalNAc) 0.4ml B X 40mM B+ ~ ) o A %E
i& (pH 6.0) 0.5ml % 37°C IT 5 SyfIfRIEL L 7214,

L 7o 0.1m] & A TG DG & &
f:. Z® 10 5%, 0.1M NaOH 1m] %/NA TG %
i, IGTlHiL7zp-=to 72/ — V%
400nm DS TIIE Lz, B 1 HALIZ
FFFTlMiclumol D p-= b 72/ — %
Wiled 2 DICHERRERE S LTER L. i, B-
GleNAc, 53 fif % e 1 SO T alE it L 72 GleNAc %
Morgan-Elson 7k " CTERT A 2 ik » THIEL
fo. FF oA %;oﬂz/}u fehs, HEIC
JoA ¥FF v (Shimahara 5O J7 #: W cHE
THF v odE) Mo,

Lad

5. SUNTEDRE

g N HEBFIMEO TNV T 3 vafldty vy
TELTHML, Lowry 2 ™ 2 k& ofiﬂuiﬁLt.
F7, 7o0< b7 5 AT 280nm IS8T BWOEE
LA,

6. RUZIUNTIFTIVERKEN (PAGE)

Native-PAGE 3 75% oKX )77 YT I KX
70 (10%13.5em) MV, 8.3mM bV 2-Y x
F ey — VRS (pH 7.0) T 10mA @
LRI CIT - 7o, BRIk ENE, oy v s B
Mget Lc, &7z, ru L ToifEoRBE sy v E
0.ImM MeUmb-B-GleNAc (% 721 MeUmb- S -
GalNAc) &8 40mM FEE - ~ V) v A&k (pH
6.0) 1T 37°C T 15 iz Lictk, SEAMAEKY 4 2

L - TiT» 12,

%72, SDS-PAGE (3 Laemmli @} i " 124
72, 0.1% SDS =& 7.5% 4 v (10X13.5em) %
W, 0.1% SDS 258 50mM ~ ) 2 — 271 & %

flrity (pI 8.3) T 16mA OWMEEIT - 72, TBXK
Wik rvho s vy ORI AT -1, 1538, #

H1E 2% SDS & 20mMB- A MK T P28 ) —LE
G 10mM ) S+ )Y A8dE (pH 6.8) thT
100°C, 5 Sy[HIALER U 7%, Dkt L 72,

7. pNP-B-GlcNAc #4& Sepharose &)L DI EL
6g D Epoxy-activated Sepharose 6B % 0.1M
g~ )y siclgisdri. ThE, pNP-8-
GleNAc 0.1g 200 L 72 [Al# 50m1 o L, 30°C
T 16 LIt Lic, AV E RS 27 4 vy —
L0 IM B MY oL, Uk, 0.1M BREAKFE S b
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Y ABRO0 MBS b U Y A (pH 4.0)
TYeAr L7ctk, rovhoiliiiA + > 5 v k% 1M €/
TY/—=NTIVTTO s L. O VEKTIE
ik, H 5 LIFEE LTI L7

8. B-HexoNAcase D5EL

7= 4Ek 60g & A FE Mg 600m1 I H#E# L, 10ml
FoKGFIETF 70y —HF AHE Y F A HF — Tl
L7, REY R — % AREERICK U@k, &
Lo (20,000 g, 10min) L7z, 15 50 2 filhhih
IS0 1 BFRDO 1% W7oy 3 AR N LEA SN
Z, 30 sylulifiE e, mLCVSYEE (20,000 < g, 10min)
Lic. L% A Bfngios UClbr g, A fEflik <
Vb L7 DEAE Bio-Gel Agarose #7194 (2.5
30cm) i L7z, A BEfrHg 500ml TH 5 4 % P
L7ct%, A R 300ml & 0.5M NaCl &8 A #%
flifig 300m1 THERL E 5 NaCl o (155 1 2 1 2 i i:
TH NI EDENETT - 12, T OFER, KRR OTE
PE1Z NaCl 525 0.18M i Tiah & e, ik sy
24, 0.5M NaCl 258 A fEfliig (LI~ B #& 1k
LS B) ok LTENT R, B TP L L
Con A Sepharose # 5 & (1.2X7.5em) IZiEML
7. B#Efii 100ml TH 5 2 &AL, 0.1M
73— 2EEE BREMGH 100ml ©5 v 87 PO
-7, 2 ORI, AREROIEIEE 7 v a — 2%
SO AR, 4 Clmibisnio irkmis 24,
L2M 7 v &= & (%) A58 A Tt
L T&ENR, IMWLEEST A il (LUF C #%if
L34 5) TFEMAIL L 72 Phenyl-TOYOPEARL
650M # 7 4 (1.3 x30cm) (L 7. C &l
50ml TH 7 A ZPAL7Ict, CREMNE S0ml & A #&
fliritg 50ml THEEK & 112 W2 O BRI IR AN T &
YNy BOENETT > 1. T ORE, BEROTEE R
LR 0.6M fHE T th & e, iGPEm 4 % 4o,
0.IM NaCl &L A ¥l (LUK D il s 4 %)
ot LCsirig, D REfi ¢k L7 DEAE 2SW
715 4 (0.46 % 25em) WML 7z, D #& i 50ml
TH I LEBEH LK, DZEHK60ml & 0.5M
NaCl 25 A %l 60ml THik & 5 NaCl ©
ERRRE AR Ty v N 2 O 2 T 7. T 0
FEUL, BERA O NaCl i 0.2M LTt h
fo. TEPEMISY AW, 40mM WERE - b Y o AR
(pH 6.0, E k&9 5) ot L bk, E Rl
Tk L 72 pNP- B -GleNAc # {1 Sepharose
HZ 4 (1.2XT7.5em) (CRML 72, E & 50m]l

TH T L& Lok, EEEK0ml & 0.2M
NaCl 258 E #&li# 50m] TR E N % NaCl @
ERIRIE LTy v s BOBIETT- 1. 20
Fi, WEREOMMEE NaCl 32 60mM {1 T &
Pfc. ik A2y, D EER I L TENE,
Ultra Thimble UH100,710 2 H W THOTE N2
Iml M L7z, 20 % D& TR L
HilLoad 26,760 Superdex 200pg #7 5 & (2.6 X 60
em) ISIRINL, 7vigiszair - 7.

9. F AU THOBRERSBRY DS

1%N-7 & F v+ b4 TP (B-GleNAe,, B-
GleNAc, # 7213 B-GleNAc,) 1011 1 f## 30 1 |
(0.1unit) & 0.2M BEfgF b ) & LW (pH 6.0)
10pl 2MA, 37°C TRIGEE7. 2, 4, 8%k
BOS# 100l 255 LTELA v b UFPLITGC24 i
ZHOWTIER® L, MSEERE L. Wiz 7€ b
= b Y—Jk (75:25,v./v) TILOfEICHML, 20
10 21 Z ]y < i b L 72 TSK gel Amide-80 7
£ (0.46%25cm) 127754 L, TRIROTAR-V
2 WT 60°C, 1ml/ min O FR#H T E#KIA 7 o<
757 4 (HPLC) %17- 7o, FHH T o B &
UVIDEC 100V % H W T 210nm T O &AWL Tl
L, BEHEVIET & O RN o LLig 2 S [A]E L 7z,

ES IS

1. EEFICEES B-HexoNAcase DEHEH

A= ALk 2 B U RN IS BRI, B A T Y
L, B-HexoNAcase OiftEEF~/. Fig.l <R
& 91, pNP-B-GleNAc /fiiGtt, 4bb B-
GleNAcase APk EE L T OBRECER Tt b &5
Moto, £ L THEMDBIES L TiEEZ MRS EE1 U
W7o REAE 1 IS 1340 6% b L, HE4E 4 1 & 8
R 3 & Sciib L T2 h 2 84 o f
75% £ 59 50% (278 - 7o, pNP- B-GalNAc 7 fifti%
TE, 9778b 5 B-GalNAcase ifitk & 3 F[Ekic 4 C
Lgomkdb L7 F/4, AEHECHitbsEH -
7oy (ANEEPEmSY) TG & b, AR T
niE Pk B-GleN Acase DIGTEDH 12% L <, =
O R4 U TR E ETH - 7.

2. B-HexoNAcase D#55
B-HexoNAcase (&, #'<OHAER 2 & A §%
Wil LT 7o 4 3 YALEE%, DEAE Bio-Gel
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Fig. 1. Changes in B-HexoNAcase activity during cultivation of Typha pollen

on an agar medium. Five hundred mg of T'ypha pollen grains was cultured on

a 1.0% agar medium without any nutrients at 30°C for the indicated time, har-
vested in 10ml of 10mM tris-HCl buffer (pH 7.5) and disintegrated for 10min

with a teflon-glass homogenizer.The homogenate was dialyzed against the

same buffer and centrifuged at 20,000 < g for 10min. Activity in the supernatant

was measured. Each activity was expressed as units per whole cells cultured.
(O), B-GleNAcase activity; (@), B-GalNAcase activity.

Agarose, Con A Sepharose, Phenyl-TOYO-
PEARL 650M, DEAE 2SW, pNP- 8 -GleNAc #i
% Sepharose # & U Superdex 200pg D574 5 4 7
B b5 7 g ZNARET - TR L fo. ARER IS 7
o2 S5 74BOTIDOE—2 & LTHEN
7o, FR O Z 7 v 7O A Fig. 2 (<R, iF
HEF 120y +—7FRE—27 & LTHIEN, TON
BB ROEM Sy — v 3y v Db D& L —H
L7 RROMIE 2 Table 1189, ARBER G
(20,000 ) kRIS N, ICRIEH 23% TH - 7-.

AR BB SL 2 0 T Native-PAGE %17 - 72l
R, Fig. 3lcmd Loz, v 2 BHEiEMNE (B-
GleNAcase BX U B-GalNAcase) (W@ blE L
P ICfi DNy K& Z

3. AEEROHTE
AKBEFZ DS TRE, Fig. 4 (A) ITRT &£ 5T,

Superdex 200pg 1T & 2 7 ovigd ik 5§ 120kDa
LHREb 6N/, F/, SDS-PAGE Tit, Fig. 4
(B) 1Z/RT L1, #56kDa ERHENk.

4. REZRO—MRIOMHE

% pH &, Fig. 5 (A) WrRT &3, B-
GleNAcase iifEIC > W T 6.0 THhE2DIZH L T
B-GalNAcase ilitk Tl 4.5-5.0 TH v, i TH
755 T,

pH ZEEE, Fig. 5 (B) 1OR3 X510, Gtk
&b pHSS—pH8.0 TEH SNA, pH4A5 & pH
9.0 TUFIGHEAYH 40% (K F L 7=

72, BEEE 45°C — 60°C T 10 3 HImA L 7 1%,
WPEZE L& 2 A, [liiEiks & 50°C £ T 80%
Pl l, 55C Tk 70% fF L T8, 60°C Tl
75% il L7,

BIEA A T, ImM @ Ca®', Mg’ BLU
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Fig. 2. Gel-filtration of B-HexoNAcase fraction through a column of Superdex

200pg. B-HexoNAcase obtained from the affinity chromatography ona pNP-

B -GleNAc-Sepharose column was filtered through a column of a Superdex
200pg. Fractions of 2ml were collected. (O), 8-GlcNAcase; (@), B-GalNAc-

ase; (---), absorbance at 280nm

Table 1. Summary of purification of enzyme from Typha pollen

B-GleNAcase

Step Protein Activity Specific Yield
(mg) (units) activity (%)
(units/ mg)
Crude extract 3880 60.1 0015 100
Protamine treatment 2210 65.4 0.030 109
DEAE Bio-Gel Agarose 122 62.9 0.516 105
Con A Sepharose 7.06 36.6 5.18 60.9
Phenyl-TOYOPEARL 650M 0.37 25.4 68.6 42.3
DEAE 2SW 0.21 23.3 111 38.8
pNP- A-GleNAc-Sepharose 0.080 15.7 196 26.1
Superdex 200pg 0.044 13.5 307 22.5

* Both activities were measured at pH 6.0.

The ratio of

GleNAcase activ-

B =

ity to B-GalNAc-

ase activity *

L

[S\]

1.4

1.1
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Fig. 3. Native-PAGE of the purified enzyme. The purified enzyme was run on
a 7.0% native-polyacrylamide gel at a current of 10mA in 8.3mM tris-
diethylbarbituric acid buffer (pH 7.0). After electrophoresis, protein was
stained with Sil-Best stain, 8-GleNAcase (or B-GalNAcase) activity was de-
tected by UV irradiation after incubating the gel with 0.1mM MeUmb- 8 -Glec-
NAc (or MeUmb- 8-GalNAc) in 40mM sodium acetate buffer (pH 6.0) for
15min. (A),protein; (B), 8-GleNAcase activity; (C), B-GalNAcase activity.

Arrows indicate the position of the enzyme.

b (B)
_ 40 Fe 10F o a
5 30 2 8 b
= = sl
« 20 b=
E o 4l <
- d
3 2z
5 10 E
é 8 2 2+
: :
s =
4 1 1
1 1.8 2.0 0 0.2 0.4
Vel Vo Relative mobility

Fig. 4. Estimation of molecular weight of the purified enzyme. (A), The mo-
lecular weight of the enzyme was estimated by the gel filtration method using
a Superdex 200pg column. Standard proteins:a,ferritin (440kDa);b,catalase
(210kDa);c,bovine serum albumin (67kDa);d,ovalbumin (43kDa). (B), That of
denatured enzyme was estimated by SDS-PAGE. Standard proteins:a,
phosphorylase b (94kDa);b,bovine serum albumin (67kDa);c,ovalbumin
(43kDa);d,carbonic anhydrase (30kDa). Arrows indicate the position of the

enzyme.
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Fig. 5. Effect of pH on the activity and stability of the enzyme. (A), Activity
was measured under the standard assay conditions except for the use of 40mM

buffers at indicated pHs. (B), The enzyme was kept in 10mM buffers at indi-

cated pHs at 4°C for 24hours and remaining activity was measured under the

standard assay conditions.

Buffers

used;( O ), sodium acetate buffer
(pH 3.0-6.0); (@), potassium phosphate buffer(pH 6.0-8.0);(A),tris-HCI buffer
(pH 8.0-9.0).(—), B-GlcNAcase activity; (---), B-GalNAcase activity.

Table 2. Substrate specificities of the purified enzyme

Substrate (2mM)

Relative activity (%)

pNP-5-GleNAc
pNP-3-GalNAc
pNP-a-GlecNAc

pNP- B-Glucopyranoside
pNP- B-Galactopyranoside
pNP-a-Mannopyranoside
pNP- 3-Mannopyranoside
pNP-B-Xylopyranoside
pNP- -D-Fucopyranoside
pNP-a-L-Fucopyranoside
B-GleNAc:

100
71
0.21
0
0.11
0.83
0.40
0.17
0.64
0.67
0.1
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Fig. 6. Time-courses of degradation of N-acetylchitooligosaccharides by the

enzyme. The enzyme was incubated with 0.2% B-GleNAc, (or 8-GleNAc;) in

40 mM sodium acetate buffer (pH 6.0) at 37°C. The reaction mixture of 10 u1

was removed at the indicated times and filtered through a membrane (cut-off
molecular weight, 10,000; UFP1 TGC24, Millipore). The liltrate was diluted 10-

fold with acetonitrile-water (75:25,v/v) and the sugar products were separated

by a TSK gel Amide-80 column (0.45%25c¢cm) at a flow rate of 1.0ml min.

The elution was monitored at 210nm. (A), degradation of B-GleNAc,; (B),
that of A-GleNAc,. (@), B-GleNAc; (O), B-GleNAc,; (A), B-GleNAc,; (A),

B-GleNAc,; (LD, B-GleNAc;.

Co®" @iliyEtEicxt L Ty db A onlih - 7o
25, ImM @ Cu®’, Cr' 8L Fe’  (FiliihE2 50—
70% BILE L 72,

b, AEROELGHEMS km B

AR DY I > W T~ /2. Table 212
KT &I, AREEE p-= o7 2 = VIR AT,
pNP-B-GleNAc & pNP-B-GalNAc (2xf L Thro
THLMEML, ME L7z pH (6.0) TOWiiGkEo
3R 100:70 TH » fo. Zoflic, W< 20 ORCHE A
WCHEF U 728, iGPEdesh - 7. £1, KARPHED 5 -
GleNAc, 1ot L TABR ZEHl s 2 & 2 A,
THIVIGTEARES & e,

pNP- B-GleNAc, pNP-B-GalNAc 8 XTS5 -
GleNAc, ioxf 9 2 KEESZ O km il 13 Lineweaver-
Burk 7w v o, ZNEN0.68mM, 0.83mM
LU 1.26mM EHtHE N,

6. KEEEDON-7EFINF AU THEICXTTBE
A

N-TEFVF b A THICAKBREZEHS S, £
Doy % HPLC Tt L7c. Fig6 @ (A) &
(B) wRd ko1, iEHD B-GleNAce, & 8-
GleNAc, UG & & SicmEicmdb Lz, mb->T
M c L 2o, B-GleNAc, 7 6 (3 S -
GleNAc & B-GleNAce, TH D, B-Gle-NAc, » o
13 B-GleNAc & B-GleNAe, TH - 7z. B-GleNAc,
3, TOEINTRIBEALEHSNE -7, £/
B-GleNAc, 20 O FEIF NN L 72 D (F B-GleNAc
P Th-7z, TDLEHICB-GleNAc HSREIRET I 1
m4z &0 FREABES NS DHHEICKH L T
FUMCEMNT S &2 R LTVWS,. LirL, oo
A5 WFF BN LTS - 1.

£ 2=

A= AEnc W U 72 B-HexoNAcase 13, {EF o



H2EBDB-N-TEFIAFYH I =y —+ 117

FEH I K OB E DMV, Wb i d -
el Eho, E& LTS OWIINCHiEL Tw 5
nfEvESH B, COREREB A < ®FJZ$ME%7’)& S,
Kz o< b7 57 02170, £ 20,000 fi5 158 &
Nt 5% TICHE éhfvém%ﬂ%@%*@%»
3000 fEFEE TR IENTLA Y DB &, A
BEROREAVEBLE D EVEVZ S, B oNis
#(2 Native-PAGE T1 AD % v/ /N v KA
Z, N &[E LA i B-GleNAcase & B -
GalNAcase OEVESIRI & Nz D TR KT I
—Td b EHMW L. B-GleNAcase & B -
GalNAcase OEHEOLLE, K7 o< 75 7 ¢ 4
CTEE—E Q4-1.7) Thby, RS G814
(HRE pH 6.0) TH-1z. T OflilZ T o FEDFKEHE
DLIY ETwi, ThTHLT, F o< 4MTo
BERTEMN 2.2, =y FoifFErE S 2O 7
AVHA L3ENZEN4.0-12.99 & 1.9-4.8V D fili %
RY. DX I B-HexoNAcase (3 2 2 DiEYEA
ALTLED, T AFEORHHETIE 2 > OGO
HALDE—Th 2 EHEsTVWE Y, F12, B-
HexoNAcase &8l 72 % 351 B -GleNAcase (EC
3.2.1.30) 3b B4, ZOREFICIE B-GalN Acase i
MEHT2b0bH5EMHONTEY, KD
R T EMTRED 1 3.3 DA kT s T
WA,

S FRUT S WT R = AL OB (Vi ILE T @
120kDa, SDS-PAGE T3 56kDa & 5l &z,
DT EnS, ABHKEFE_RATHIEZEZON
5, ZORREY X5 < A ODW’;ﬁ (5 F-hi % 53kDa
DT a=y O RAK)TEISLUTY S,
62kDa & 64dkDa ¥ A4 7= b o5 v K
i rOTA YA LD 1> (B-HexoNAcase-11)
L3S, Fi, FHAFTY, EvDEPEBL
Ul 7 OfEFR (5 7hi 100-125kDa) &b EITW 5
B, TNSDH Ta=y IO VWTEAWTH 5.

A= AL DEEFEE pH ZOEVEPIIELE I LT
GGl DA W) 2R Lcas, figli pH 22> 0T
12 B-GleNAcase #WitEDs pH 6.0 TH 2D L T,
B-GalNAcase iiitEAS pH 4.5-5.0 & 575 - T /2,
oY ofEFETS, ki, B-GleNAcase itk
Dl pH O HEV T EAEShTVE! ", @&
Wl R THD LD S, 2 DDOIEVEDIE pIH A3 4
1850 BHETIS WD, RN TIERKEA A Vi
(K17 LIcBED Db 200 b LA v,

A= AE OBEF (E pNP- B-GleNAc & pNP- -
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