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Purification and Characterization of -N-Acetylhexosaminidase from
Streptomyces sp. No. 499 —Note—

Mirsuniro Fujimort® and Akiniro Oxrrant (Department of Food Science and Technology, Nippon Veterinary
and Animal Science University, 1-7-1 Kyonan-cho, Musashino-shi, Tokyo 1 80-8602) Seibutsu-kogaku 76:
200-204, 1998.

In the course of our screening program for chitinase and $-N-acetylhexosaminidase (HexoNAcase)
from the fermented broth of about 800 stock cultures of Streptomyces sp. isolated from soil samples,
the highest amounts of both enzymes were found to be produced in the broth by Streptomyces sp.
No. 499 isolated from a soil sample collected at Toyonaka-shi, Osaka, Japan. The enzyme was
produced by Streptomyces sp. No. 499 cultivated with chitin as the growth substrate. HexoNAcase
from the filtrate of the broth was purified by chromatography using, successively, Amberlite CG-50,
P-cellulose, and Sephadex G-100 columns. The enzyme was completely purified, its purity being
comfirmed by SDS-polyacrylamide gel electrophoresis (PAGE). The molecular weight of the
enzyme was demonstrated to be 52,000 by a gel chromatography and 57,000 by SDS-PAGE. Its
optimum pH and temperature for hydrolytic action were 6.0 and 55°C towards p-Nitrophenyl-5-N-
acetylglucosaminide, and 5.0 and 55°C towards p-Nitrophenyl-8-N-acetylgalactosaminide. The
enzyme was confirmed to readily hydrolyze chitobiose, chitotriose, and chitotetraose in that order,
releasing N-acetylglucosamine in the mode of the exo-type hydrolase.
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K| TIL, AEDO4EMET 5 HexoNAcase DRFH ¥k X
BB DV THRANEBRC YW THRETS.

FFF — ¥ OEMBEL, 0.25ml OFEFFRRKIC 0.02M
Mcllvaine buffer (pH 6.0) I % ## L 720.0252% 7 /L A F
A F L% F v 6C (KATOKICHI #) B 1 ml & h0 %,
50°C T4 IR G, WHHE L 7R ICHE % Schales B0
) CEETAZ LR Lo, 1 B, 1 pmol
DN-T wF L7241 VicHYT 5 RETHEL EEET
LEEFRE S 1 B (U) & L7c. HexoNAcase DIEMEIE
3, 0.1ml OEEBIC 2mM D p-= b v 7 x = )L-N-T
€ F L a1 = F (pNPGIcNAc) ¥7cifp-=t+tr 7
2 2AN-TEFALHF 7 b4 3= F (pNPGalNAc) 0.2
ml & 0.1 M Mcllvaine buffer (pNPGIcNAc @ & XX pH
6.0, pNPGalNAc @ & X% pH5.0)0.2ml A%, 55°C
TN BIRINHES, B Lzp-= v 72/ =% 02M
Na,CO; B 2ml DFEMTHREIE, 420nm ORIE
CEETB LR . TR EEFEEAESE &
L7z. pNPGIcNAc b 1 SEH7 D 1 pgmol D p-= 1
BT e/ —AREETAEREY 1B (U) L L. ¥
FvA ) TESBREREOBER, 0.1ml ODEREIT
9mM* FEF—A, F b+ UF—A, FlIF T
S 4~ A 0.2ml & 5 mM Mcllvaine buffer (pH 6.0) 0.2 ml
Y ERE, SHMBERGYB I, HEETHN-7
FL LIV Uk Reissigh!) TEETAHZ LTI -
1.

BN A & 0 BRI L7 el DR o i L 7C I
BT A BRB0OE Y T T h A 7 ) — = v 7 RIRERER
(0.07% KH,PO;, 0.03% K,HPO,, 0.05% MgSO,-7H;O,
0.001% FeSO,-7H,0, 0.0001% ZnSO,-7H,0, 0.0001%
MnSO,-7H,0, 1.0% * # V¥R, pH7.0) iCEE L T
B— &Y — o —Hh—"T28°C, 130 rpm, 10 A HFEE L
fo. FofE, 4B S L BERRYBERLT, ¥F75—
&M & HexoNAcase fE1E (FH |3 pNPGIcNAc) % il
FLt. FORR, BhHCRRLIC—EEKE (Strepto-
myces sp. No. 499 k) OEBBPICHEBERO S - & LY
EGESENRD LR, £ TAEY, 150 ml DRIES
HREH (0.5% 7V 2 — A, 05%BER=FA, 05%

7+ v, pH7.0) C, iR — 2V - 2= =T
ARSRIERE L, WK CEALEEE, 30 ml OFEKE
BhE, chaBEe L. ThekEER (A7) —
= v 7 RAEEMC0.1% 7 v & 3 v E 0106 (NH):SO0,
Mz tcb D) TS V) BEELT, »n—x) -
= — % — T 28°C, 130 rpm “TEEFE Lo, BERFAYICERIRL
P B A B0 8 (8,000 rpm, 2047 L, 0 LiE
DESEFEM & e (Fig. 1). TEERIE M3 160RF AT
TCRIEY—-Z7IEL, D#EFF - EEEOETIIAD
Richs-71:hS, HexoNAcase TEHEIZEBICE T L.
=T, AEY FIRAEEEE CI60RMERL, Ok
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Fig. 1. Time course of production of HexoNAcase and
chitinase during cultivation. Streptomyces sp. No. 499 was
cultivated in an enzyme-producing medium, pH 7.0, con-
taining 0.07% KH,PO,, 0.03% K,;HPO,, 0.05% MgSOs,,
0.001% FeSO,, 0.0001% ZnSO, 0.0001% MnSO,,
0.1% glutamine, 0.1% (NH,),SO4, and 1.0% carbon
source (chitin powder, 65 mesh). A portion of the culture
was withdrawn each day, centrifuged at 3000 rpm for
5 min, and chitinase and HexoNAcase in the supernatant
were assayed with chitin and pNPGIcNAc, respectively.
The protein concentration was measured by Lowry’s
method.'® Symbols: O, chitinase; ®, HexoNAcase; O,
protein; --o--, pH.
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Table 1. Purification of 3-N-acetylhexosaminidase (Hexo-
NAcase) from Streptomyces sp. No. 499.

Total  Total Specific . .
Step protein activity  activity Y;eld Purity
(mg)  (U)  (Uimg) (%) (fold)
Culture filtrate*  70.6 110.5 1.57 100 1.0
Amberlite CG-50 7.15 92.0 12.9 83.3  8.22
P-cellulose 0.348 24.7 71.0 22.4 452

Sephadex G-100  0.0814  22.6 278.0 20.5 177.0

* 150 ml.
The enzyme activity was measured using pNPGIcNAc
under the standard conditions.

HES (60m) 4 b5 7 4 L& — (UHP43K, 7 F
NYT 7)) TIOfEE CEML, 0.1 MNaCl%2%50.1
M Mcllvaine buffer (pH 6.0) C3¥# 1t L 7= Sephadex G-
100 77 7 & (2.0X87.5cm) I CTHEH®T-1. B85
NI EMES (30 ml) ik F 5 — CIEMILEED S hir
mofe. LLED X 51 ULTHE LR IIEREEE (499E) T
i, MEHEBERES ST LR L, FoREM
278 unit/mg protein T, IER(120.5% & 75 > 7 (Table 1).
499E i, SephadexG-100 75 A7 m=} /57 4 —
TiX, 5 F&S52,000DM B HH L. SDS-PAGE T
X, DFEH57,000DE— v FRURH Xk, ABEE
B—r v 7 F TRBII I AR I hie (Fig. 2).
ABROEH pH X, Fig. 3IKR LA X 51, pNP-
GleNAc &3t L CTi6.0C, pNPGalNAc X L Cit5.0C
Hotc. FEER%E A pH, 4°C T8RRI Lim & &,

A B

Fig. 2. SDS-polyacrylamide gel electrophoresis of purified
HexoNAcase, 499E. Electrophoresis was performed in
a 12.5% polyacrylamide gel containing 0.3% SDS at
a constant current of 15mA according to Laemmli’s
method.’) Proteins were stained by the silver staining
method. Lane A, 499E; lane B, molecular weight mar-
kers and 499E (a, bovine serum albumin, 68,000; b, 499E;
¢, ovalbumin, 45,000; d, a-chymotrypsinogen, 25,000).
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Fig. 3. Effect of pH on the activity of purified HexoNAcase.
The enzyme was assayed with 4 mM pNPGIcNAc (O)or
pNPGalNAc (®) in 0.1 M Mcllvaine buffer of various
pH values at 55°C for 10 min.
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L7gdr 272y, 60°C Tix31% A%, 70°C Tix90% LI ks
KIE L.

FEERIT 1 mM D CaCly, MgCly, ZnCly, MnCl,, CoCl,,
K,HPO,, Na,HAsO,, EDTA, ICH,COOH, HgCl, % i
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Fig. 4. Effect of temperature on the activity of purified
HexoNAcase. The enzyme was assayed with pNPGIcNAc
(O) and pNPGalNAc (®) in 0.1 M Mcllvaine buffer of

pH 6.0 and 5.0, respectively, at various temperatures for
10 min.
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ERH KDL A, pNPGIeNAc 2t LTi% 0.33 mM
T, pNPGalNAc Tix0.40mM TH - 7c.

ABEF 0.1 ml i 2mM DFEE (pNPGIcNAc, pNPGal-
NAc, p-= bR 7 2 =2 LBp-C T £ FAF F EF ¥ F
(pNP(GIcNAc)), p-= + B 7 = = )-B-p-} U 7 & F L F
b b YA~ F (pNP(GIcNAc)s), ¥ P EF— R, b
F—A, FFTPIA-A) THELN0.1ml & 5mM
Mcllvaine buffer pH 6.0 (pNPGalNAc TiX pH 5.0) 0.1 ml
hnz, 55°C, 100 MIBULHE, &EBECHNT HIEREE
PR EREE TR p-=br 72/ =D, Fb
) IETIEIN-TEF AL 729 I v 1 H5HEBID
OB LB A RIE L. ABRIF P A —RACHL
TiX, pNPGIcNAc 53 B iEHEEDI5%, ¥ b b YA —
AR LTiE32%, ¥ 7 I+ — AR L TLE26% D
EHEEER L. ¥, pNPGalNAc X LTix62%
pNP(GIcNAc), Ti310%, pNP(GlcNAc); Ti32.1% D
MEEZR L.

ABEERLYFPEA—A, FL MV A —ABIUOF 7
FIA—ARIERER, TOREMYEERE 7 v <+
777 4 — (HPLO) T ic. TR, Fig. 51emRL
IO FPEF - AMBIIN-TEFAL T LT H I v
DEM, FLEPIA—ANSEFIEF—ALN-Tx
FLTZAAF IV, FETEFIA—ARDLIIF MY
A=A, FPEX—A, N-TEFALIZNAaH 3 Uik
ML, F T PSA—ANLLOERYTIIF b EA —
ALXDYN-TEFAITA TSI VOBMREZ &M
bbbt TORERIE, FETFSA—ARLITIF LY
F—ABROCERTHDO TR, F PPV A—RAE
N-TeFLrray I vRERINEZ L, DFEHEK
BRIBEHEOKRIER TS L2VR&Ak. ZDz &
E WA L 7c KEE K A pNPGIcNAc, pNP(GIcNAc),,
pNP(GIcNAc), ILEF L7z & Ei2, BEIAR IR E p-=
bR T —ADOEESESRIEREEELED L,
ABERIEHEHOERTKRIERAL, -TExFL 70
a9 vERERT A VEITHD LHEI N

IR E CIBRREBRERIC OV TIEARDLIZ A,
Streptomyces sp. 1.-13 THREXDRYD, HEZXROBME THYE
LcBE A MEER (L-13) LA RY b, F1,
BB A E Cit, Nanjo 57 55 Nocardia orientalis >
B LEBRENE)XHL. ThbDOEEE L 499E » i
3% &, SDS-PAGE THIE L 74 F BT 499E 7%
57,000, NE 354,000 CHlZILITV 5. ZFBEIL,
499E A% 55°C, L-13 % 40°C, NE 23 70-75°C TH », 3
FZBTHILh DECH DB, pNPGIcNAc R L TOEH
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Fig. 5. Separation of enzymatic hydrolysis products of
chitooligomers by HPLC. Reaction mixtures containing
0.2ml of 2mM of chitotetraose (A), chitotriose (B), or
chitobiose (C), and 0.36 units of purified HexoNAcase in
0.2 ml of 5 mM Mcllvaine buffer (pH 6.0) were incubated
at 55°C for 60 min. After the reaction was stopped by
boiling for 3 min, the reaction mixture were filtered
through a 0.2-gm TSK-W-type filter and 50 gl of the
filtered sample was applied onto a TSK-G-OLIGO-
PW+G-OLIGO-PW column (7.8 X 300 mm) and eluted
with 5 mM Mcllvaine buffer (pH 6.0) at a flow rate of
1.0 ml/min. The eluates was monitored by the differen-
tial refractive index. Peak assignments: (1) N-acetylgluco-
samine; (2) chitobiose; (3) chitotriose; (4) chitotetraose.

pH X, 499E %36.0, L-13%%.0, NE #4.0 T\ Fh &
I TH 5. pNPGIcNAc &3 % K, fliiE, 499E A3
0.33mM, L-13 3 0.25mM, NE A 0.11mM Th b, *
7z, pNPGalNAc 2% L TiX, 499E 25 0.40 mM, NE#>
0.40mM THH, WThILUETHS. {LEWEIC
X BB, Zn?t TA499E H395%, L-13 %38.1%, NE
D96% DERAE® AR L, L-13 DPEEHE L. Hg?t
TiX, 499E 7314.4%, NE2390% DEBRAFEMAY R L, B
EORENZE L. L EDX 512 499E 3, L-13 ®° NE
LWL OO R TR BEXETHHRTHD LEHR
Ihs.
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