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2.1k -B-D-E A B M B (NAGase, EC3.2.1.52) 2
JUT Bl RA RS 2 —, BA MBI T, 7R L
TSI FRIN- 2 AR L T S e,
A6 15 B BN A Gase L5 A5, Kogos™
MK ZE(Bombyx mori)K % = FHALTE H IR NA-
Gase, W FL R H 0 A 7E 3R )7 JZ FINAGase 5 H i
Ao gy AT E Rz AR K DTAH 9%, T 40 AT AE N IE N A-
Gase EZINRE 2T LT &Y, 515 %,
T i 4 SR i O\ R 1T B B A0 3R AN A Gase = 22
Z3 5T TR APt Bl R 3R B TR s A B AR, T
WHENAGase R FEE RS S5HAE LT &
. AR, ARTHALIENAGase ) Th e 5 M 5t
BB B FTE . Kakizaki%s' "M H At A1 4 1 9
A0 T8 4 B8 B v v 1 B DB LT B AT AU R
NAGase, & IUBG/E P FR L E R IEH A, w6
PR R L NER Tl 7N e AN ER A 2 | )
(Oreochromis niloticus) Ik 73 2 EINAGase, [# 8] T
o2 v BN Dy e Bk A AU, X LRI AL IENA-
Gasefi T ¥ NI

H A& il (Anguilla japonica)F J& T tg i H 68
SR, S BT 2R, fE K R B . Rk AR
K, pifig FE DL, B, BERKAE B H KA Y
R, NTHFETEER TN TR AR, &
—Fh IR B IR K TR . A I8 B v 1L
TN AR LT RS 77, nTDARI & LT R
it (o A 686 50 D) BN A Gase i K A B
Fo A, AT H 2 i i Ji7 18 2 B4 29
NAGase, fiff 70 H i 22 VE J AN Dy Re 2k [, FRER 58
IRl 25 0 6 il JH A4 B N A Gase ) 520, ik — 20 i) B
ST A LT B R I 45 5 Th e BE v A

1 MR5ERE

11w

H At i L 15 7 AT 2R K B A PR A A
PRI R K(43+2) em P TCiR 3% 68 09 b, A f HOH:
N ER S, B R A S SR T 20 ARG R DT S5 B,
To B T AGE VG I, B AR N 1 SR B2 i ) /)
o, VA o

NAGase i) % fil§ 5 28 -N- L B -B-D- 2 K i
& BE T (PNP--D-GIeNAc), 7 b ifg e 25 Tl 58 B
A=, > B2 U Sephadex G-10072
Pharmaciar= fiti, DEAE-32 & Whatman% 3%, 2 L&
HE AR, Bk HRMRs T EirdEEA
(Phosphorylase b 98.0 kD~ - Ifilii5 [ 25 FIBSA 66.0 kD
Egg Albumin 47.0 kD Carbonic Anhydrase 30.0 kD+
Trypsin Inhibitor 22.0 kDfla-Lactabumin 14.4 kD)

H R AR AR A PR A & H o A=A 7R
7K H R (p CMB) Al % H 3L il ik % (PMSF) /&
Sigmaj= fih; ZEREF(AcAn). =3 A A#ER (TNBS).
THIE I FERE(DTT) LEEREH(AcAc). RICZIR
(BrAc). N-JRACHEIIEL W Z(NBS) M & B tb 4%
2y R E PR Ay M 4l

1.2 75k

HAREBEMAZIENAGaseBI IR E N E  Ffibl
B3ANFE S AS, N IRR JE VI ER L em/h B, JEEURE
100 g, N300 mL ¥ f£10.01 mol/L Tris-HCIZE ¢
#i(pH 7.4), 10000 r/min 451 2) ¥ 1min, 4°C fh$2
4h LA, 20000xg?4 ¥ 25 0>30min, B iER . KK
K FH35%, 75% RN FE i B e 40 0 o S g 1, OB
DUIEYD, BTG A% 35 00(25000xg) 30min, 75K i
#1771 . 25458 Sephadex G-1007%3 197 Bk A (A
}%82.6 cmx60 cm)ZHT 73 85, PeliikZ£0.01 mol/L
Tris-HCIZZ M#(pH 7.4, £70.2 mol/L NaCl), Jii# A
0.4 mL/min, H 23S S ICEE I H W, 42554 mL
WCEE, AE 10T, 48 rh v 770 i BBl IS A 5, R
LEBETR, JE4k 2 T DEAE-32 5 73 b (FE #0 %
H1.6 cm*40 cm)Z 4T, [FIFE RGP GEm, W&
NaCl (0—1.0 mol/L) B £ 15 F& B i, I 14 °40.25 mL/
min, FFEWCEES mL, WSS 7 06 (1) 5 I B, &
M1 Ja F T B A 1208 % FIRg R L. R
FIBradford"" ™ {1 75 5 52 Ut 4 1) R IR B, BALZE
M35 & A AARER H, 4550 Phdg0 RN

HZA484NAGasedti B L E K FH 5 I Tt
iz e 12 HEL UK (PAGE) FISDS-PAGE % iE Wl 41 i, 43 55
2RI 4 FBE VA FBE 43 53 N 10% F113.75%, =% T i = i
R2504% 1,

HAEBEINAGasel 3T 0 FREANE M
SDS-PAGE H 3k B 1 5 N A Gase £ [ 3V 2 AH XJ 43
TR, LA PR I IE R 2R (28 o) X AH .73
JoR 2 1 (R Ey) A B, MRS A SRS ok
ity B I PR A 7 T

HAEEEINAGaseFHSRME SR
(1417772, R 45 i fUR A FLUK 70 550 BN A Gase
LA

HABEHINAGaseiEIMEAER  NAGsae
IS0 S B SCHR[ 141/ 7R3 T . 2 mL B9 I3E
AR EA: S mmol/LIK#0.2 mLy 75 mmol/L
Na,HPO,-NaH,PO,Z% i (pH 6.0) 1.0 mL. dd H,O
0.78 mL, 37°C TR 10 minJ&, JIAIKE ~0.111 mg/
mLFINAGsaeZlifif #7720 pL, ML 44 A B
10min, £L0.5 mol/LEE LB (NaOH) £ 1k b7, 7E
405 nmiE K T E S R LR UAE A5, BEALTS
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F6E IR ZH 78 BV 44 & Rl SE NAGasedil 17, % 3
By MR AT R AT

1B 7 3L (U) 8 SOR: BEminfiE A 7K g r=
A1 pumol/LX A 3 KBy (pNP) I 75 BB & . LLi
J1HAL 9 U/mg.

pHX H A ERENAGaseSE THISZNE  7ENA-
Gasedf /7l 4k Z A, Wl 2 A [FpH3.2—10.0 N )
NAGaseiif /7, HorFpH 3.2—5. 8% £ Fifs i -t FR 44 2%
M, pH 5.8—8.01# JINaH,PO,-Na,HPO, 2 MK,
pH 9.0—10.0K FHRI S -NaOHZE vhif, M4 A AR
TRl BE I [FIN AGaseidd 77, 1 € B (1 feidipH; FRF
NAGsaeZfifif 175 (0.111 mg/mL) %> 5 5 & F A [H
pH(pH 3.2—10.0)Z2 M SE 2R G, (E4C T E
1h, BUH20 pLAR BRIk g 71, 205l ©.4E37°C
HRFR IR 10min ) S R4 5 (%5 mmol/LJE470.2 mL,
75 mmol/L pH 6.0f¥/Na,HPO,-NaH,PO,Z 1.0 mL,
dd H,0 0.78 mL)H, {4t [ B 10min, 43 7130 7 76 42
Wi 3, S 56 4L AR 6 B (%), T
NAGsael?FRBg AR € PE o

BE X HALEHINAGsaesE DRV 7EI
TR R A KA [E] R (20—90°C) FNAGsae 7%
77, BEE 77 5 K 1R 50 3 ) 2 N A Gsae [ g il
IR PE; P NAGsae4ififFH]55)(0.111 mg/mL) & T %
PR FE (4—90°C) T 4 A AL EE 1Th, BLHI20 pLik
PRI AR 7, 4 N EAE37 °C A BRI 10min
1) [ LA £ (5 mmol/LJE#0.2 mL, 75 mmol/L pH
6.01¥/Na,HPO,-NaH,PO,Zz "7%1.0 mL, dd H,0 0.78 mL)
R A RONE 10min 5 A I L R B S ), TSR
U5 2H I AR N RS (%), B 7 N A Gsae 135 Fa € 14

H AR 2N A Gasel§ 1€ &k K 51 115 S AN
E o ENTEER R, UL SR R B ([STVE F:
0.15—1.5 mmol/mL), Wl 5& A~ [ JE PR FE T HINA-
Gaself 1 (LR BEAR & SLE FE ), L/vAT1/[SIE

1200 A 7 3.0
3 a 0—o Ay
e
§ 1000 | o MmEN 1o
I~ Enzyme activity
>
= 800 2.0
3 <
o 600 r 1.5 é’i
£
g 400 1.0
[43)
R
W 200 105
% o< S
0 0—0- 09 o0 0
0 20 40 60 80 100
e 45554 Tube number

fif3{% J1Enzyme activity (U/mL)

K, F1| FH Lineweaver-Burk /F 323K Hi B oK R824
(K ) 5 RSS2 S (V) B o

S RBETFX A AIEBHINAGaseTE IHIEM 7
TTER 2 A, S0 I\ 23R B 452910 mmol/L 1]
NaCl. NaNO;. Na,SO,#1Li,SO,, ll ¥ NAGasei
77, %Na'\ Li's CI'. NO; #1S0,” %NAGaselt]
SN, B2 5 AMgSO,. CaCly. BaCly,. Cu,SO,-
ZnSOy4. FeSO,MIFeCly, & FE4°0.5 mmol/L, LA
J A5 mAN0.1 mmol/L MnCly. 1 mmol/L Pb(NO;),
A1 pmol/L HgCly, MisE A A4 & & F1EH T 1
NAGasei /1, ABXTEEIE 1 (%) Fw, i &8 &
FXF H A SN AGsaeih 71 5200 o

HARSEEINAGsaelFEFRILFIEIF  NAGsae
(A8 1 7 325 LA B A 1 Wl 3 0 0 7 1k 2 R Sk
[15]. K AcAc. pCMB. BrAc. PMSFAINBS%;
A AR R R R (Arg) I3, 2 & B (Cys)Fi
H . HE IR (His) DKM AL . 22 & JR (Ser) R AR
P& (Trp)W5I WL (& M6 77, DTT & (A B
BT, AcAn B & A TNBS M E R (Lys)
e-Z LB . K 4LHG 5> 71 5 8 Fh A [RIE 1 77 LA
1 3R FRVR A& i30min, ZENAGsaell VG 44& £ op il
JE S BB TS 11, B8 RAB RIS 71 °9100%, Wl
SE A 1 W P R X B Y 70(%), B 5 AS [RIME 1 751 % il
R AR

2 #R

2.1 HAREEHHIZIENAGase RIS N E

I A {05 i /7 7 N A Gisae KL 1) 771) 22 3o 7 SR i
IEAEJE T 40, IEATRRE(A 1a)mT 4, 3R/75 T34
EAME, R FE2/NE AR X R B A NAGase ik
P, KR USCEE B () B 1) 771 2 DEAE-32 4] 4 25 55 158 #
FEEHT, WEHT B (E 1b) AT WA i, UL A
IR 04 X ) B NAGasel 1, USCHE fi % 7704 &
Bl RO, R A5 LU vG 71 2517.40 U/mg, 1538

2000 My o—0 Ay 1 1.2 7 3.0
i |
1600 r Enzyme activity , 110 23
[ 73108 120
1200 2
. Elo06 415 &
800 s e @
4 Z 404 110
7
400 1 102 105
e
0 20-0—0-6- L Py 0000 0. 0
20 4

0 0 60 80 100 120

e 4£ 554 Tube number

1 [ A 68657 ENAGaself]Sephadex G-100(a)FIDEAE-32(b)4: 24T Fl i
Fig. 1 Column chromatography of NAGase from intestine of Anguilla japonica on Sephadex G-100 column (a) and DEAE-cellulose (b)
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54.99%, Atk fEH 27,71 FINAGaselig #]57); 3t —
Wt EA T R, 85 RER DEIR, 40 S 2k ]
[MINAGase H i 3 f4ifb i 015 2R W 7t =, B A3
RNG T b, B o SR MBEHIFI 2 K. 195,
P REAZ N E S e

4 FINAGaselif il 7| 2 PAGEFMSDS-
PAGEHLK 4 52, M 2] 20 3 B B 3k F 45 SR 25
A —E A, A HIKINAGaseli i 7 C.i& £ Bk
ai; fr— S UK 2o SRR A NIERRCEE
)R FH B 73 I A R (A ) (E P, [BA— B2k
HFEN: y=—1.646x+5.207, KIFNAGaseliff 2 (1 1.
LA 3T R N69.98 KD; K 4l Bl 2 25 e, 3R
FE K, 7S H A SN A Gase % H, 15 pI oy 4.98
2.2 pH¥ HAEEERNAGasesE SIHIF N

H A& 62 HiN AGase iz i&pH N6.0( & 3a), pHAl £
6.0/t K, NAGasei§ /1 /)n; NAGasefEpH 4.8—
72X 38k A A e, TEpH 9,038 155 G 040 8 4%
34.9%, 1E£pH 4.0LL BRI IR 53 g 2 5 s (] 3b).
X H A S INAGasedih 11 5 5% PR 55 A R Bk A5
A
23 REX HALREINAGaseiE IR

] 407 L, H AB2 611776 N A Gase 1) 5 & iR £
N60°C, IR FEAE60°C LA L BEIE Sy P N &, 6 IA
80°C i, i 25 1%589.6% (K 4a); fE60°CihE LR,
NAGase & 845 i #AFa 2 P, 65°C UL L EgAR E 1
WH T B, E70°CHEE N AL FE 1h, B 3E 77403 R
10.3%, 90°C FNAGasefZilr 1% (& 4b).
24 HZAREEHHINAGaselBIE R BN NFSHBINE

7£0.15—1.5 mmol/mL [S]F, M€ A F[STH H
AW HINAGased /1(v) 152, 45 R (K 4) 578, B
F[STHIHE K, Bl s N FE v K. BL1vst1/[S]1E
FE(K 5), HEI14 B LR, B FE N y=0.044 x+0.131,
R’=0.9985; LLHE It 77 72 sk 15 H A 8 i N A Gase 7K fif
JE#IpNP-B-D-GlcNAcHIK,, {5 70.336 mmol/L,

Vonax [ A7.634 pmol/(L-min) .
25 E£RBRETXHAIEEHHNAGasesE SIHIF M
M 2F %1, Na'y Li'. ClI'. NO, f1S0,> %t
NAGaseif /1 JL -4 #0; 0.5 mmol/L Mg™ . Ca’'
Cu” FIFe™ Al 43 4 H A 5 i i N A Gase i /742
B16.72%- 8.34%. 4.15%F151.56%, 0.1 mmol/L
fRIMn”" T A8 I )35 34, 14%, X 2643 J8 B F X
NAGase 2 IA A2 Z I BUEEH; 0.5 mmol/L
Ba’ %INAGaseiF 71 JLF %A §4; 0.5 mmol/L
Zn HIFe’ A 4 BN AGasel 7112 229.27% Fl
45.38%, g 2 BLHNHI/E . 10.0 mmol/L Pb” Al
1.0 pmol/L Hg” A 43 5 {3 B % /172 2:65.17 %A
83.69 %, Hg A /E FH B 3.«
2.6 HZAREEHINAGaseRJEEH
MEMEEMNLFEIE  AcAchbL — &1
EARArg PRIMTEE"" ) Seob 45 1K 6a)E B,
AcAcHE0—200 mmol/L, XNAGasef& i 5, iF /1
JUFASSZ 520, b b ) B Ar g T3S AN 2 H A 68 fif
NAGaselEET L ER . AcAneE AR A LB
iz, S2ue R W], NAGaseZ AcAntE i 5, BEE 71
EAWT A (K] 6a), T IHE R E H A6 HINA-
Gaseifi JJFT A 75 1; M TNBS A& LysHe- 2 3 (1) —Fh
ARt BETNBS i B3 K, 1B 5 NA-
GaselE 1AW R B, 420 mmol/L TNBS/1& 4 ) i
W 1 LT AR 2 (K 6b), Ui LysHe- g 2 H A
HE AN AGasel] 0 75 3 ] .
HRESHBHOLFERIE  pCMBECYsH
L — RN, NAGaseZpCMBIE I 5, b
pCMBIK LI K, BiFiE 71 2 AW N B, 4pCMB
MR FE1X50.5 mmol/LET, Bigvd 714 F116.11%( & 6¢),
g R EIR, S e H A2 N AGase i 14 1) 0 75 3
. TDTTR R [ 47 b hi A s i1
2 —, DTTE 1 5 i 8 11 1) - hi ki 4, i 2 A #4
Sl R kAL, NAGaseZADTTIEM G, B

F 1 BARERHHIFENAGasedI D B4k

Tab. 1 Purification of NAGase from intestine of Anguilla japonica

o BRI % /1 BT ] L3 71 ARG A
Pur{ﬁcati/()v 0 /ste s Total protein Enzyme activity Total activity Specific activity Purification Yield
P (mg) (U/mL) )} (U/mg) (fold) (%)
P
Crude extract 280.62 202.30 25489.80 90.83 1.00 100
35% ANBR IR B2 M 3B
35%(NH,),SO,fraction 185.37 213.28 20475.07 110.45 1.22 80.33
75% AR R 4% EE AT B AT
75%(NH,),SO,fraction 57.29 444 .48 16668.07 290.92 3.20 65.39
R BRI G-100)Z 7
Sephadex G-100 fraction 15.68 191.32 15496.76 988.10 10.88 60.80
DEAE-3221 4E 5 & 1 = M
DEAE-32 cellulose 5.57 280.33 14016.50 2517.40 27.71 54.99

chromatography
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J12 TS, MDTTIKEEZ £ 100 mmol/LET, NA-
Gaselili 1172 7 81.29%(F 6d), 1t B H A BE AN A-
Gaselif§ 5 [ 1) Wi se SHE0E /1 BB AKX, R AR
SE (1) 25 AU AL) G A2 B 1 BT 0 75 1) o

BRAREL, BEGREMNLFEZIF  BrAc
TERME 1 F B % — Mo &1 2 1 SR Hisfr ke
E R K, FEBrAcik LIS K, 121 JFNAGasedii 71 A
Wr T F%, 150 mmol/L BrAcf&HiNAGase /5, fi JLiT
i (B 6d), His DKM L 2 H A B2 N A Gased 14 1)
WM. PMSF X & A i 73 H SerfR 3 147
L"), KR EPMSFIE N AGase 5, B i
J1 AR T s, 50 mmol/L PMSFI&iNAGase
Jei, WS 1A 4.28% (] 6e), i Serf1#53E 5 H
A2 N A Gase i M 55 V) AH G, A2 B P 1) 06 75 5%
M. B4h, NBSA2 & F15 A Trphgl W2 i 4 7 45 1
FIU NAGase HINBSIEH 5, B 714l R F%, 12

kD
98.0—

66.0— —69.98 kD

47.0—
30.0—

NAGase— 22.0—

14.4-

a Mw b

2 HAHEHHNAGaseltIPAGE(a) 2 SDS-PAGE(b) i ik &l it
Fig. 2 PAGE (lane a) and SDS -PAGE (lane b) of the purified
NAGase from intestine of Anguilla japonica (Mw molecular
weight standard)

a. Ji&pH; b. MRHAR & 1
a. optimum pH; b. pH stability

—
(=
(=]

(e}
(=]
T

(=)
(=]

[
(=]

FEXT G JiRelative activity (%)
&

(=]
[}S)
b
[=)}
oo}

10
pH
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PURIFICATION OF N-ACETYL-B-D-GLUCOSAMINIDASE FROM INTESTINE
OF ANGUILLA JAPONICA AND ITS ENZYMATIC CHARACTERISTICS

LIN Jian-Cheng, HU Jian-Hui and WU Qin-Duan

(Fujian Provincial Key Laboratory of Ecology-toxicological Effects & Control for Emerging Contaminants, Key Laboratory
Ecological Environment and Information Atlas (Putian University), College of Environmental and Biological Engineering,
Putian University, Putian 351100, China)

Abstract: In order to investigate the purification and its enzymatic characteristics of N-acetyl-S-D-glucosaminidase
(EC3.2.1.52, NAGase) from intestinal tract of Japanese eel, Anguilla japonica, NAGase was purified by extraction with
ammonium sulfate fractionation, then chromatographed on Sephadex G-100 followed by DEAE-cellulose (DE-32)
columns. The purified enzyme was determined to be homogeneous by polyacrylamide gel electrophoresis (PAGE) and
SDS-PAGE. The kinetic parameters of NAGase for the hydrolysis of pNP-£-D-GIcNAc (enzyme substrate) and en-
zymatic characteristics were also determined. The specific activity of the purified enzyme was 2517.40 U/mg. The mo-
lecular weight of enzyme was 69.98 kD. The optimum pH and optimum temperature of the enzyme were 6.0 and 60°C,
respectively. The K, value was 0.336 mmol/L and the V,,,, value was 7.634 pmol/(L-min), respectively. The enzyme
was stable with pH of 4.8 to 7.2 and temperature of 4—60°C. The enzyme lost its activity rapidly when temperature >
65°C. The effects of metal ions on the enzyme were also studied. Mgh, Ca”, Mn2+, Cu’" and Fe’" showed diffe-
rent degrees of activation effects on the NAGase. Na', Li" and Ba’ had no influence on enzyme activity. Zn”', Fe”',
Pb’" and Hg2+ showed various degrees of inhibitory effects on the NAGase. Hg2+ inhibited the enzyme the most, and the
enzyme activity decreased by 83.69% when its concentration reached 1.0 pmol/L. The essential groups of the NAGase
were investigated using chemical modification method. The results demonstrated that essential groups of NAGase in-
cluded lysine's e-amidogen group, cysteine's sulfhydryl group, histidine's imidazolyl group, serine's hydroxyl group and
tryptophan's indole group, while guanidyl of arginine was not an essential group of enzyme. Disulfide bond was essen-
tial for the catalytic activity of the enzyme. In conclusion, the purification scheme of NAGase from intestine of 4n-
guilla japonica was effective and feasible. The activity of enzyme was affected easily by acidity-alkalinity, temperature
and metal ions. The enzyme had similar essential groups to the NAGase from other animal sources.

Key words: Purification; Enzymatic characteristics; Essential group; N-acetyl-f-D-glucosaminidase (NAGase);
Anguilla japonica
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