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Abstract: The molting of arthropods is closely related to N-acetyl-B-D-glucosaminidase (EC3.2.1. 52, NAGase).
In order to investigate the effects of Hg”" and Pb*" heavy metal ions on NAGase from arthropods, the NAGase
were extracted from the viscera of Tachypleus tridentatus. The effects of Hg”* and Pb>" on NAGase were studied by
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using the kinetics method of enzymatic reaction. Besides, the conformational changes of NAGase caused by Hg**
and Pb’" treatment were evaluated by the enzyme fluorescence emission spectrometry, respectively. The results
showed that both Hg”* and Pb>" had strong inhibitory effects on the NAGase. The inhibitory effect of Hg”" on NA-
Gase was stronger than that of Pb>". The inhibitory effects of Hg*" and Pb”" on NAGase were both reversible. The
inhibitory effect of Hg”" on NAGase was the competitive type and its inhibition constant K, was 22.68 pwmol-L™".
Hg*" only combined with the free enzymes (E) and did not combine with the enzyme-substrate complex (ES).
However, the inhibitory effect of Pb’" on NAGase was the competitive and non-competitive mixed type. The inhi-
bition constants K, and K were 19.13 mmol-L™" and 7523 mmol-L™", respectively. The affinity of Pb*" for free
enzyme was stronger than the enzyme-substrate complex. The fluorescence emission intensity of the NAGase trea-
ted by Hg”" and Pb>" were both decreased, but their fluorescence emission peak of NAGase did not shift. The re-
sults indicated that the inhibitory effects of both Hg’" and Pb’" on NAGase were caused by the conformational
changes, which suggested that Hg’" and Pb’" had regulatory effects on the activities of NAGase from Tachypleus

tridentatus.
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AWNYLT g M1 LT B ALE A D1 B 5T
N- 2, ik -B-D-% 5 4 4 5 11 il (EC3.2.1.52 , NAGase)
43 Fhe 4™ AR NAGase 7617 B sh Wy it 4=
PIVE H 9 )32 2 1, Koga 5% ) K % (Bombyx
mori) ¥ 3R 2 JZ TP 3R 1% NAGase, WF 5% & B, 22 3R |72
NAGase 5 H i 1 i 58 K A= 3 DA K 55 A6 T S5 4 vh
050 (4 T 1385 D AR G B, Buchholz® A7F 5% 1 e H 9
WN(Euphausia superba)l) i Bz 4 ¥ 5 NAGase {if 71748
ARG | e IRTE T A0 Al A 60 Bz 7 62 EF [) P NA-
Gase Kat A, B G 1l 2 55, F TR LT
JFi3E R 5 1 Zou A Fingerman™ [ ifF 5% # W | #1 1] &
(Uca pugilator) 3% J R R AR NAGase BI5 322
fi] P it 157 % 2R R 55, NAGase 1 77748 4 5 8 1 7%
Wi R Z AR B DI AR G, [RIRE AN 42 S S RIF 5 T
NG FEFE ] FL 4N i %) iR ( Litopenaeus vannamei)7h5¢
J NAGase PERT , & IAE ARG R R A G AR, By T
WEFEAIE RIS NAGase il f1 2V T, A
1M 2L AR T NAGase 7519 ezl 9y Ja 1 1 5t e v
A BRI fE

v [l % ( Tachypleus tridentatus)J& T 15 B i) 1]
A NE R H , CBCh THEy sl & ER gk
By, NS5 B A R R BRI 2R
T3 — MR Tl AR 7= P2 A ) — e E 4 Ja T o
HERO™ FEREIR TR K R G0, 8 LA A7 1 1 A 3%
ZH| G YL PEL T ) I AR P B 5 P AR
i, WA RETRIPIFEERY], Zn Pb Cu I Cd 55 H
G JE R L IR G e B A AN TR B 52 0], 213X 48

48 B 1 e B A Y K S8R B A o v B 8 A
B, Cd® Fil Cu® X % I I & & W] st 0 Zn®
I Po™ Sl E NG & B IR/ R HE TR,
X G & B K ED/INR Pb* >Zn* >Cu’” =
Cd*, MLJm W K3, 4@ B 00 B sh ke il o2
s LT Bl iy AR A Au A s 25, sk AR le
SV R, Ag” P> Zn Hl Hg™ % 4 FhEE 4
J& B 1 X v [ SR B R (Procambarus  clarkii) NAGase
il 7% 3 46 A () R B g ] 0 4 ) 4, o AgT A
Pb>" X WA A SIS S I VR 5 i A B & B
Zn” X5 % 75 8 N JE (Scylla serrata)® NAGase 23 7%
Az AR T, Zn®" B FEAE 23 R ARG 1 I B R
P M Hg™ X FL4N XF 9F (Penaeus vannamei)® P9 JJE
NAGase M A BRI A] 06 AR, X 3] 25
B v 0 4 Ja 15 019 I gl vh 5 W50 Bz AR B SC Y L
T A B, AP E IR R E B R
BIWIE], ZBADTFE 19 Uz, % 0 W i A 3 450G
ARBPEMIEFERSLZH . Hg Fl o> RIS i
&8 B TS Y 0 BB Ny, R i B K A= B
Yy A AR I 5 R M dE O Y e AT
i E s LT B, H AT R A IRADIR, &
HUREA Z 1 C6 T E 4 N IE NAGase #4171 7055
alifb! | RS He M Pb™ iX 2 PP 4 @ 25 1
XA [E 4 NAGase 5200, 1F 5% 7 [ 2 NAGase [if
15 1 MG AR ) Z (B AR DG | 3 %48 7R T
FETE Y 5 i R A B 2 ) A OC 1 B A H AR
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1 ##l57 % (Materials and methods)
1.1 #E

ZESCHR [12 197 34 5 72 43 25 2l Ak b [ 4 o9 ik
NAGase, 73 ]38 12 $H 42 .30% 1 80% 1Y 10 FI i B
5 # | Sephadex G-200 &t JZ 4T LA & DEAE-32
BT A Z T 43 B, SliAb I AR A5 2R TN 0 1ok g 58 e P
VK (PAGE) H. — 21 ¥y il il 77, b 3% 71 4 505.21
U-mg™" B FILE 4 °CF 2t XEE /KB 5 ,
F Hg™ 1 Pb> Xt NAGase 52 AT

NAGase 1k 19 JiE 9 X i 2L %8 -N- 2 BiE-B-D-2
FEAH AW (pPNP-B-D-GleNAc), 2 Hr 4l , il b EEzy
T 78 B A= b 24 Y ; Sephadex G-200 & Pharma-
cia ;=0 ; 21 48 £ DEAE-32 J& Whatman 5= 5 ; il 2t
I (pNP) \HgCl, F1 Pb(NO,), 553 R o b a1
Shy L 1 25 B A A 2R A B A D 7
1.2 Hik
1.2.1 "E% NAGase iif 11 &

FESCHR[12]79 NAGase 776 1 59 K60 7 325 10 7€
[E % NAGase 1§ /7, 7F2 mL FIEFEE I E AR R4, 6
41 mL 75 mmol-L™" HAC-NaAC ZZ ik (pH 54),
02 mL 5 mmol- L' fJi£#) pNP-B-D-GIcNAc, 0.78
mL X ZE IR K, 20 wL B, 7% 37 CF &I 10
min, P 2 mL 0.5 mol-L™" NaOH % |k 2 i, I &
Ags o> WAFEIT 2 mL 0.5 mol-L™" NaOH J5 /il 20 wL
B R 23 FIXF IR LA 0 JE 153 (pNP) R B ) , il
ERMIEMZ 1 ANEE ) B (U)E SR - 7E iR 4%
T, B4 s ALK i# =4 1 pmol - L™ pNP 175 Y
iR R 1 U, B AR KN DA A2 2 1 3
(MKNFIR,
1.2.2  Hg* F1 Pb> X} [E % NAGase i JJ 520

7E NAGase ¥ 7 B E AR ZR T 7E 0 ~200 pmol
- L7 Bl I A [R] 9 B 9 HeCL, , I 72 A HgCl,
J5 NAGase |4 77 5 LAIRIFE 9 77k 7E 0 ~ 50
mmol - L™ i [l AR A1 B 1) Pb(NO, ), , T 22 il
A Pb(NO,), J& NAGase MIFI A BFE J1, AR
&) BT I N RS 0 100% , HAl 451X 50 41
DIAERT B (%) FRs o
1.2.3  Hg™ 1 Pb* Xf v [El % NAGase 131 il 1
FHHLEE

£ 2 mL NAGase I Jj Bl & 4K & th &4

pNP-B-D-GlcNAc ¥4 5 mmol-L™" | 2 4F NAGase
WIE(17.34.5.1.68 F18.5 wg-mL™"), Z3 B & 78
0.10.20 .30 140 wmol-L™" % 5 Fh A [ Hk J&F HgCl,
YEF T NAGase BTG J7 ; [FFEDEFE 0.15.20
25 F130 mmol-L™"' %5 5 R A [AHR EE Pb(NO,), 1EH
T NAGase LI T7, 74 A X IR, DAk
JEE X i & D0V L, 43 00 I W He F Po™ X v [ 4
NAGase P /EFIALEE,
1.2.4 Hg” Fl Pb*" X} [E % NAGase 11l il 1
FHZEHY

1 NAGase i 711 & (& &, 204 pNP-B-D-
GlcNAc JiE ¥ #¢ £ (0.15,0.20,0.25.0.33 F1 0.50
mmol- L"), 4353 %E #£ 0,10 .20 .30 Fl 40 pmol -
L% 5 FhoASTR] ¢ HeCl, 1 T NAGase (148 1k
16 77 R4 900 % € 0 115,20 .25 F1 30 mmol - L™
4 5 FhRTRI M BE Pb(NO,), 1E R 9 NAGase 11k
1571, LA Lineweaver-Burk XUEIEE 1R, 6 52 v [ %
NAGase KR ERHE K, Al K #E vV, LLAE
HgCl, F1 Pb(NO,), 1EH T IR MK [RFH L K,,,,
IR SGREE V.., 7311 HeCl, 1 Pb(NO;), *f
NAGase fIHIVEHBIZER IR s A IMH K, .
1.2.5 Hg* #il Pb> X v [ % NAGase 75t & 91t
T (4 5 )

Hg™* % v [ 4% NAGase 76t % S 3% 52 0 1))
R, K ) NAGase # 4 5.72 wg-mL™" HgCl, ¥
JE5r 5 0,10 .20 .30 #1140 pmol - L' ; 1fij Pb> %t
NAGase 7't & SISm0 i I 22, >R FH ) NAGase
W 9 8.59 pg-mL™", Pb(NO,), #2514 0,50,
75,100 200 400 1500 pwmol - L™ f7E 2 mL 37.5
mmol-L™" HAC-NaAC ZZ i (pH 5.4)F 435 5 A
WEE Y HeCl, A1 Pb(NO,), B4, # & 30 min (37
C),Ja 25 [ Cary Eclipse 26404, 78
PR CIOE IS 232.2 nm 9444, Tl &
NAGase 1N IRZEE K HHERE

2  Z55 (Results)
2.1 Hg” 1 P’ X} 1 [E % NAGase i /1 i 5%1H
Hi/& 1 7] %01, Hg #l Pb>* % 1 [E % NAGase 1
PRI N TR EE (0 300V FH 400 16 1 P 35 22 o B
N, Hg™ H Pb™ X NAGase FI I /E FH 58,200 pmol
L7 Hg® MBS 77 97.0% , 1M 30 mmol-L™' Pb**
RIS 71 R P 53.6% , X150 Hg™ Fl Pb*"ix 2 Fif
43 R BT % [E % NAGase Y945 W] A0 HIVER,
Hg”* %t NAGase B3Il AT Pb™
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Fig. 1 Effects of Hg’" and Pb>" on the activity of NAGase
from Tachypleus tridentatus

2.2 Hg™ F Pb™ X [E % NAGase FIHIHIFEFIHLEE
5 AR I FE T, BF9E T Hg® X b [ 4
NAGase 52 R0, 45 R a0l 2 s, P NAGase
AR 0 T3 ()Xo e B AR T 45 38— 2 o i et
MY ELER Bl He™" Ve B 2 W T =0, 45 ELER R AN T
1%, i Hg® %F NAGase (130 45 28 T 0T @i
HIVER . [FRE, B8 T Po* Xt v [ % NAGase 5%
MO, LA Pb™ J& NAGas {16 525 3 (v) %F
Jifgve BEAE B (K] 3), 45 21— 2 38 o e o5 1 B4k, B
P> Wk FE TR, 45 ELER I ARPR L ZE FRAL, U6 Pb*> X
T E 4 NAGase B9 HI/E B E — ATl 12, R
T IRIAE ], A5 R R W], He® Fl Pb®" AR & it
T NAGase 1 77 117 5 A0 Bl 9 i AL 2003 AN S 3l
e 52 7 A2 3% F ) A S8 T Rl ) IR g 1)

10

v/(pmol-L-"-min")
N

i IR N S [ S N
00246810

NAGase¥#f%/(ngmL™")
Concentration of NAGase/(pug-mL™")

B2 Hg xth[E#E NAGase #HIH1IE A9 BT
TE - v O BAR SN R Bk 0 ~ 4 Hg™ VR EE
43519 0,10 .20 30 F140 wmol L™,

Fig. 2 Determination of the inhibitory mechanism

of Hg’* on NAGase from Tachypleus tridentatus
Note: v is the rate of reaction; Concentrations of Hg>"

for curves 0 ~4 were 0, 10, 20, 30 and 40 wmol-L™", respectively.

AREEIRAE . Hg™ il Pb™ Xf v [5] 4 N- . 15k-B-D- 22 LA A 11t 1 52 1) 239
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- !
=1
LA ;
= i 4
E
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=
2_
i) | I T R R |

0 2 4 6 8 10

NAGase#< f%/(ugmL™")
Concentration of NAGase/(ug-mL™")

B3 Pb* 3t EE NAGase i HHLE A9 H)

TE: HZL 0 ~4, Po? W43 014 0,15 20 25 A1 30 mmol-L™'
Fig. 3 Determination of the inhibitory mechanism of Pb**
on NAGase from Tachypleus tridentatus
Note: Concentrations of Pb>* for curves 0 ~4 were

0, 15,20, 25 and 30 mmol-L™", respectively.

2.3 Hg™ I Pb” X f1 [El % NAGase AYHNHIE SR
i Lineweaver-Burk WU 54 1 & A B Hg® %
W E % NAGase BUHIHIZSAY | 25 B (K] 4a) R BEE
Hg™ W BERA R MR Y 5 2% B I RER LB Wi K,
X5 FEHLRLT y i b0 — s, Hg® X i 9 1 I
NS R SR B R SR FE (V) Ky TELBE A
Hg™ e B 3G R 38 K, 1B Heg™ X NAGase 410
HilEE Tre g e EIER . He' 5IEY 2 )56 4 1,
5 NAGase iGPEH 0454, NI T NAGase 5
JEYISER S He RS BB (E) 45 4, T AN 5 il -
IR EP(ES) &G, LLE 4a 45 4R XA
() He* W BEFE R (K] 4b), 15981 — SR HEk, HE TN
y=1323x107x+0.030 , N £ J5 B v] LR A3 Hg®' X
1 [E % NAGase B9#IHI % %L K, 7 22.68 pmol-L™" |
[FRE, WFFE T Pb* X [ % NAGase 1) il 28
Y, Lineweaver-Burk XUEIZAE KI(K] 5a), &5 R BoR 5
LA R B AEF — o, 25 AR A K
HEAIZE N A AR BT B P> MR AR Ak AR Ak B
% Pb™ Uk 13 K, NAGase HM (1 K,,,,, THIE K,
AN Vo, TH NFE. LUE 5a 45 HLRPRRT PH*
W AT —IRAE I (K] 5b), 15 8] —H 4k, BT fEN
y=1.516x107x+0.029, 3K tHi Pb*" X il 1 41 1 % ¢
(K))24 19.13 mmol - L™, B 5 4t 410 ) 5 45 75 LA
Sa £ EHAAFIN R EE X P vk BEVE B (B 5¢), 1%
B —HL HL N y=0.997x107 x+0.075, 3K
Pb> % ES AU # 40K o)A 7523 mmol-L™" | B dE
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Fig. 4 Lineweaver-Burk plots for inhibitory effect of Hg®" on the activity of NAGase from Tachypleus tridentatus

Note: Concentrations of Hg?" for curves 0 ~4 were 0, 10, 20, 30 and 40 pmol-L™", respectively.
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Fig. 5 Lineweaver-Burk plots for inhibitory effect of Pb>* on the activity of NAGase from Tachypleus tridentatus

Note: Concentrations of Pb?" for curves 0 ~4 were 0, 15, 20, 25 and 30 mmol-L™', respectively.

TN B K 9 75.23 mmol-L™' | K, <K,
BEFIBE Pb™ X NAGase Bl 28 T3a g dE -5
GG HIER  Kis 298 K, 194 £, UiW] Pb*
i B BE(E) B 35 AT HE PO 15 - M 4% 5 W (ES)
(RS g5 0

2.4 Hg™ Ml Pb” X i1 [E] % NAGase MR 2<% Gt
b ntai0pAl|

I, B 5T 4 1 BTV TR 52 1Y) 32 B8 A A 58

%w&j‘ﬁféi;‘é;‘ﬁ%ﬂ 0T R R e PR 21
AR5 2 38 3 I 8 2 ST AR Ak R 4 W i 2 1
7S R R B AL, BB 6 FTH, KR NAGase
(R 6 2 SHIEAE 332 nm &b AL R 4 He™ I,

HEHMTOL A R A TR, A He WK,
it E4 I JRE T I, (LR P 901 e S e 95 o

¥ DRI PR FEANALS B2t A

A AR AR A T A 1) il A S TR R R R A T AR
b, UEW] Hg* X v [5% NAGase Y90 i £ H 2 i i
AR it ) 25 (B R B T L

E— BT Po® X E 4 NAGase IR 2
RECRERIRZE R 7 T, AR R F A
JES He i AU R, 3RA5 10286 & SR B A 25
5o ZEIREOH | B A OV Y PR I K NAGase
(e BE R R %, 24 Pb™ W &4 500 pumol - L™
BB 2T % (A 1Y) 28 ' & S W I 208 7 A



545 4

AREEIAE . Hg™ HI PO X o [ 2 N- 2, [5E-B-D- 2 54 A A i 0 52 1) 241

100 — 0
. r 1
S 80k 2
é‘ L 3

2 g 4

< 8 60

g

B og I

B 5 4o

#L%§ L
2 20
LL‘ -

P I T I I I |

380 300 320 340 360380 400 420
FK/mm
Wavelength/nm
B 6 mE%Z NAGase 7£ HgCl, F1 BRS¢ & 5 it
TEMHZR 0 ~4 Hg ¥R B354 0,10 20 30 140 pmol-L™",
Fig. 6 Fluorescence emission spectra of NAGase from
Tachypleus tridentatus in HgCl, solution

Note: Concentrations of Hg*" were 0, 10, 20, 30 and 40 pwmol-L™!

for curves 0 ~4, respectively.
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M2k 0 ~6,Pb(NO, ), ¥ 43512k 0.50.75,100,200
400 #1500 wmol-L™"
Fig. 7 Fluorescence emission spectra of NAGase from
Tachypleus tridentatus in Pb(NO,), solution
Note: Concentrations of Pb>* were 0, 50, 75, 100, 200, 400 and

500 wmol-L™" for curves 0 ~ 6, respectively.

fit%, XULH] Pb> 5P E % NAGase 71 1 Y45 5 5
AR 1 25 (AR 5™ A AR A B 0 R I IO &
SYaR e M

3 iti&( Discussion)

SEH AR SCHR (121 B4 UESE T NaCl, NaNo, |
KCI 1 Li, SO, %[ % NAGase i /1% A3 5200,
WEBH CI” \NO; 1 SO% % NAGase %A %M, K,

HgCl, 1 Pb(NO,), I H1[E % NAGase i 77 (4,
SEJE I He® A P il = A i 4R H

EEEE TS W SIS, B A E
4 )8 B X NAGase #9400 i HLER A ] 2 AUAS[A]
M S 9 I . Fe® 1 Cd™ X 4 2 7 1 TN
JIE NAGase (1941l 1 52 55 G V- s e PEIR & 11 3
BN, T Zn® X HE Sk T NAGase WIS 30 AT 55 19 5
BRINHIVER, 45 R B, Zn® 5% 5 B (B) 1Y 55 Al
T Zn® S -4 G Y (ES) R SE RT3, 7 Zn®
YEFT NAGase (7' & 5 i B2 FEAIK, B6W] Zn® J2
1 O il A 1 2 (R R G 728 b S0 i R RS
{H ZnSO, X} JE % ¥ k4. (Oreochromis niloticus)"™ ¥
Hi NAGase RIMTEFMEMIIHIEN . TR S
5T B, Cu®* X # 4% 1L (Helicoverpa armigera) 1
NAGase 6]V 2 —Fh ] 386 (1 16 A B9 30 il 1
CuSO, XJJe & % 4k fa ok 5 NAGase A0 ]k E5E
At 1Y R B, 7 CuSO, 1E T il iY 25
RATIE R ARG . Ak, Ag™ X o [C R EE R
Ik NAGase 940 il V5 FH X300 =58 e 4 i
MR RS FXF Je % 2 ARtk 5L NAGase 194101 4y 58 4
PERHRIAE A

Hg X} B AEE A B B9 3 i 4E A, 0 A T
O 18 Tl 8 X AN [ A T8 %) il A FH AL B R AE AE 7R 22 5
SEPHIRAEIIRESE T He™ X A INER 11 g ) 90 i FLEE
ZERFW Y Gy <107° mol - L7 B, XF iR Ry AE
SEAHEA T EAE L H Y Gy =107 mol - L7
Bt X Tl P 0 ) 2 B A S e eI o 32, Hg™ T
5 e P S R TV g S PP b 25 G
SHO A R He? 25 G 5 AR R 19 5%
K, 9 R ST kAR a ks, £ He' 5 A
ZRIETEM EAE A, B4 T Re 5685 He' I B 53K
AN Bl 53 R IR B2 K A BT REAER, ATT 5
EEHHE 0T, MO REN s R, Hg™
JB N 2T R Bl 1l 1 6 1 R 5 e A o 7 e
BRI R 2 Gy, >1.00 mmol - L7 i, 9856
ST T R R AR tbAh  He® X 2% 75 8
PNIE NAGase 19410 il 28 30 Sk mT 386 1 5 4 00 o 4
FHPY AEXTJE % B RS B NAGase LRI A AT
IRV CARFEE R B, Hg™ X FLAAR o A JE
NAGase AR HHIE T, 7T fE e He' SHE 8
S A DT 5 | A il 1) 23 () 25 44 A8 Ak, S BRI
17 HLR Py BA A Hg? s ke ity g 2k 16 78 P
AWFFELERFI  He™ X v [E 4 NAGase il 1EFH R



242 s #F

ooz 4R F14 &

PR AT s eI #E He™ YER T NAGase 29
SRR ARG, 1HL it 1) P8 TR 9 ' e S 0 T A 60 7%, 1
Hg™' Xt NAGase .16 7 04 30 i1 2 i 19 25 (Rl A 52 &
AARTE He™ AT et 5 1 [ % NAGase i 1
S EL 7 AR A VR RN 5 23 (R 52 1 284k

P> X il (0 I ATLEL H BT kA 2, A E
FE R, Pb(NO,), S A G 25 A0 i e ok 1 T 11 e
SE AP R, TR RV BE Pb(NO,), RIPEHTTT , 8
PRI Bt 1 2 S0 B TN R i e 3 2 A T AR 4k, Y
Pb(NO,), ¥} 10.0 mmol - L™ i}, 7% 77 #22 , 9%¢
FEHE RIS P> X 5 [C 52 U P JIE NAGase (19411
il R R AR e AT, AW S BT A,
Pb>* X} [ 4 PN I NAGase A9 10 i J&— > ] 396 (1) 3
R Ta AR m R A RIS EA, e T
T B Ko 1K AER/IN, BB Po™ 7R 25 B R 2%
B ZI6], 5 T 55 S e 5 T | AR 0 i A 4
YEH, Pb™ W] it [El % NAGase 1Y) P9 I8 5 & 5
SRR EEA - AEEBAILE, 2 Pb(NO,),
He 2 0.5 mmol - L' B, NAGase N I 2¢ Y616 K
(& 7), i3 Bsf s A W 6 T R (& 1), X e
ULAH T Pb*" il 2R (1 45 [AIAG 52 k2B AR A LT ik
IS ) 7R Ak 4 R S (R R AR ) 00 5 AT
X Pb” A S U X SR A R AR SE Y CuSO, X
Je B B HEfokS B NAGase 15 1 FIR S 1Y 52 0 45 5 A0
;18 Zhang ZE®YE Zn®" Xt 45 2% 75 % NAGase {111l
SR G R, & B Zo® 1 S NAGase 16 /1 1)
AR TR T I 2 [ A G2 i AR Ak, [R1EF 2F — 20 4
Pb* Al it & 5 NAGase MY b 77 3 1 5 508 B2 &
Wy, 50T BE RS S MO RIS G, T S B
A2 A R AR AR

2 BTk . Hg® A1 Pb™ X b [ % NAGase 1)
il VE R B R v] i B Horh Hg® X NAGase 19
PR T2 e e He R 5 EGss &, A
S-S YA S M Pb™ X NAGase B0l &
J& T e gtk - R sa MR A R IE T, A LT -
IRYIZ4A 1, Po™ X 25 B 0 3 O sk Hg® Al
Pb>* X} H [ % NAGase 14306l 15 AR & i 25 1 25 1]
MG R AEAL IS, T Hg® F1 Pb”" 5 NAGase il 25 11
iR A1 2z 8 i BEAEAL A FedE— 2085

it R E BRI S A TR PRSI LR H
i LA EIRBE B EL TR,

BIAEE B AR (1966—), 7, M4, HA, BF R 7 @1 A
BE AWM,
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