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N-Acetyl-B-D-glucosaminidase (NAG, or B-hexosaminidase) is widely used urinary
enzyme for the assessment of renal tubular damage resulting from various renal diseases.
NAG is found in human urine as two isozymes A and B, which account for 80-90% and
10-20% of total NAG, respectively. There are many reports describing possible clinical
significance of the analysis of NAG-B, and could be a more sensitive marker than the
total enzymatic activity of NAG. The measurement of NAG-B has been performed
some methods, but these are time consuming, not precise, and not easily adapted to
routine clinical work. Therefore, rapid and highly sensitive methods are needed.

In this study, at first we have developed a new enzyme immunoassay (ELISA) for
quantifying NAG-B in human urine using monoclonal antibodies and purified NAG-B
isolated from human placenta as a standard. The ELISA was selective for NAG-B, and
performed high sensitivity (0.5 ng/ml) and good reproducibility. Resulting from the
determination usihg this ELISA, most of the urine from patients with renal diseases,
especially pyelonephritis, showed significant increases in both values and percentages
of NAG-B. The urine of patients with pyelonephritis often has alkaline pH. Then, we
investigated the stability of NAG isozymes in various pH, we found that the enzymatic
activity of NAG-A was reduced in alkaline condition (> pH 7), but both enzymatic and
immunological activities of NAG-B did not change. Accordingly, our results suggested
that for alkaline urine, NAG-B proved to be a more suitable marker of renal damage to

avoid misinterpretation of total NAG enzymatic activity as clinical test.
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(Fi#]

N-7E2F VBD-FNaAFI=F—¥ (NAG, FIE~FVHFIZF—¥) 3V
VI—APIZEITNEDTEN 12 FORESRERTH 5, NAG (T4EEHEL
WL AL, Blig, FIOENRMAE TEWEEIRO SN THw B, FEE
BEEZFIBVWTUIRFPIIEVWEES REINSE, BEABINLTWBRF
NAG BEZREHEEEE (1) &, fETREIEL, BHEEDRVW D, BB
BOEMIIL, EXUBFREE, SUBTE20ZHPRBHEZIIBITAIBED—
DELTHWwWHLRATWS,

—7+ NAG [ZI3WVL 22D T7 A VT AL ADOFESMONT WS, [RF NAG
TIRBREADEE., 74 VF AL A A (NAG-A) % 80~90%, 74 V¥FAL 45 B
(NAG-B) 2% 10~20%% 5%, Z0DAITH T A VA A 1 (NAG-I) HHEE
Th, TNHLDI LIS/ DH T2y MEEIL NAG-A 25« 8. NAG-B BL U
NAG-1 23 BT, FEA., FHFRERME. BTt EOELFENMEY
NETNELR B,

DETE D, ChHDT7 A VA AOBRWERICEERSF-NLTBY, I
TI/Z)av FRUAEMEICL 2BERMERE (2) . BEEL (LBRE
By (3) BB 4) RECOBERTIE NAG 74 VA4 LH, NAG-B B
LUNAG-I DEIEVHERTHLBEINTVAS, £oT, ThE5DT7 A4 VHFA
ABROICHET AL TENE, ZOBEFEHL2IIEL L7242 NAG %
BETAL) bHEC, BEEZEOZHHVP TR L22bDEBbRS, BET T,
NAG 74 V¥ A 2058, SAICEAFUZrrao< 7574 =8 (5)
BEIKENE (6) « B (7) RETHVLNTWVER, WTFhoHED K
AR, BEDEM., BEFRVWE EOREND L7120, SHROBERRE Y
BET AN —F VREBICEEL T Do/, FITERITT T, NAG-B 125G
TEHEE/ 70 —F VPR EERL, SNSEHEWT, S EHBE LI-EBERR
FIZOT0HEA L1B% NAG-B OBEREBERERFENERE (ELISA 1) %
ML7ze LT, RKEZHWTEREEDOZWICBIT A, R NAG-B HIEDEE
RA BRI OWTRE 21T 2 720

(]

b MEBHROHITIEHE NAG-B T A2 RE L, BRIt THERA %
TV, BEREAKEENAT) F—<%2B I L7, BON-EEOE ) 70— F
VHAFIZOWTHAEDLEEZRET L, ¥ P4 v FRBAEEZPEEL, &
KBTI Figl ISRT X912, FiNAG B/ 7 u—FVHESEMH LA 2 0
TU—1Pe, eV TVBEIORVEIF VI -EERL-BAYHV - SRE
ELISA & LTHY L, TREAWVWTHEA OBFRREDBIEZITo 2. BB,
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EREHE I MR DA T LA ERAVWTH —F THE L NAG-B 2
L7720 £ NAG 12595 NAG-B O%|& 13, ELISA ETHlE L7 NAG-B O
BEE R . FEE NAG-B DA (164 U/mg) TEEREHMEICHREL, B L
T/ REBIIZBITA NAG 74 VA LOREELARD 720, BFEHD NAG
PE) I O—FNVFET 742547502 BOTRVARZERL, NI
#5851 NAG-A ¥ 7213 NAG-B 1%, FNFNOEE L NAG-A IZDOWTIIEER
EMRIEEE. NAG-B I22oW T IdEBERFEMHIEE S &L U ELISA & THIE L7z,

[ Microplate coated with mAb 3C9 1 well |
2.0
Assay buffer (pH 5.2) 150 pl
Standard NAG-B or sample 25 pl
Incubation at 30 °C for 2 h E  5-
i Washing 0
-
<
-
I Fab' (4C2) - HRP conjugate (250 ng/ml) 100 pi g 1.0
Incubation at 30 °C for 1 h §
i 2
' Washing 5 05
3
Substrate solution <
(containing ABTS and H,0,) 100 pl — 4
0.0 P T Y
Incubation at 30 °C for 15 min 0 20 40 60 80
NAG (ng/ml)
rStop solution (containing NaNj) 100pl
Measurement at 415 nm
Fig.1 Procedure of sandwich ELISA for NAG-B Fig.2 Standard curve for ELISA

[RBEB L UEE]

BoNh 6 BHEOE 70—+ VHEIZT T NAG-B D3, NAG-A &£ D
iR L7z LOPLEIBT AL EDEG2BEICT A LT, INLOH
413 NAG-B 123 5 NAG-A DRXERICEPET § 5 EFRLPE R 072,
SNRIETRTOFEORBHICED N &b, BERET TD NAG-A
OEHEENERTH L EEZ LN, COWEZFIFL T, NAG-B & &R
BMICBIETE G Y FA v F7 v OBEL BIICHRE LR, ERIE
3C9. HEHBIE 402 PRDBELAVEOHEABEDLETHE I LPDLP o7, &
B, BREICEN-GERNEELE TH2DIE LIRS 2To /R E—Rib
O pH % 52 KHRET H LT, NAG-A L DORERIBHEE 3BUATITHR 2%
JREE ELISA B2 MY T 5 LW TE7 (Fig2) o A ELISA XX 2 HIE# H
1205~80ng/ml TH Y, BEORL S IBEORKAELHEL/-L EORKEHE
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B (n=8) BLTHZEHETELE h=14) . WTFNhd CVIORUTTH o7,
IMENGRERIZ BT 2 ENEIZ 91 25 114% L BIFTH Y, RPREYWDOELE
BROLPolze ITRBREDHERABROBRIZ. WTNLIELLBELIERY
B2 RAFD NAG TA VA L2 A F I u< bS5 74 —-FKIZE DD
BEL. £BES 2 ELISA k& BEREERIEETHE L7z 25, ELISA O
SEfEIZ NAG-B BLU NAG-I DEXRML TW5AHZ LRI NG, 70%
NS5 74— (x) & ELISAEE (y) L OHBEZHEATER (h =20 . HE
Nty = 1.12x+0.59 U, ABEEFREUE r = 0949 L BIFCThH o7z TTTHILL
7z ELISA ¥, fEskiE (70~ 7574 —ERELKKENELRZ E) THELT
BUEVGHETH Y, $-PEORABTEHRETE, JIERELFEEITENT
WBHZEPL, ZHOBREOHELZBHE L2V—F U BREICDTOEEATE
LHETHo772 8) o

A ELISA ETHREABERR 176 flzflE L7 L 2 A, %D NAG-B fEid 3.3
+2.6 ng/ml, 7 V7 F = VHIEMET 33+£2.1ug/8Cr Tho7z (9) o T
ADE NAG 1233 5, NAG-B D EDLEAIT 175£64%THY, su< b7
74 —EDHRELIFIZ-RHL T, FELTHVWEAOBRERZREH
EL72HER. NAG BEREHEL I SRR LAY, RETVTIV, «
mrzurzuryy, B usud)) YEORKRRY - — L IZHBEERY
REGdol, FLAREZHVTREEABLIUVEADOERERZRICIONVT
NAG-B %I L7-fR. BEAEE (33L£2.14g/eCr) CHELT, x7u0—%¥
(135%£11.9x g/gCr) . FERREEE (82+6.1 xg/gCr) . BEEL (61.51£90.2
wglgCr) . BLUHBENICBM SN A 0 ¥y ABBEEREREE X (106
+10.1 2 g/gCr) « AIREW AL BER (13.0£10.7 1 g/gCr) « BRHERE
EWER (18.5£26.6 4 g/gCr) TV TNHAEERICEIED NAGB EER LT,
2 NAG I25% % NAG-B DEIE *RAL, BEEERZIRTIX 25.02123%L .
RE AR (17.5£64%) CHELTHEEICLERLTED, 25T NAG BRIE
W (Un) cRELHEINIRE 161 Bl H B D 16 IS NAG-B fE (ng/ml)
THRIEL %52 05, NAG-B fEIX NAG BERIEMEL ) S s BRE~ —
A=l DB LERETIRREL o7,

—77. BIZERBERTIE, NAG-B DEEIT 356+138%L . BEANICHEL
THELLENML TV, —RICEEBLATIE, BELHENEETLIRES
BERXR (JLT7—¥) ORBEDO-DIZ, TVHIVRIZEDF—ABFENT LT
HLNTWE, TITHRRL 14 BIORKEES, 20 6 61 (43%) »5pH 7.0 LA
LOTNVAVRTHY, TVHVRBTOT A VYA AOREHITEVDD S
CEDTREME LTEX DN, 2T, WEMD NAG 2B/, 4O pH
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DRIZEM L2 NAG 74 VA LOREMITDOWT, NAG-A IFEERIFENE.
NAG-B iZBERIEN B L UREBHEEIC L DR, TOER, 37COEMHT 45
BlA v FarR—YariiTolz4a. pH 5~7 Tl NAG-A. NAG-B & b 80%
UEDEEZR LIS, NAG-A DEEZFMIZpH 7D ETELIETL, pH 8
TORFBEREER 25% 12T TERT LTWE, TN LT NAG-B OEXE
BRI OCREEMEE 80 ERBEN TV, 72 4COLETIE, 1 BREME
FLHE. pH 8 THENFLOBPEEICTITE A ERILIE L 27225, pH 9
DEETIL NAG-A DERFEEDO A 40%. 1 + BRFETIX 85% D DK T AR
LoRo¥ (W A

Pei& b, 7 ) RTIIHE NAG OBEREBIZTEKEZRT I L/mbhTw
7eHt, ERROERIZ. TNDT NAG-A OEREHEMETICL 22 & 2im {RE
TERRTH o7z, EWE, ILEED pH (pH 5~9) 54T 2MEIR 211 6%
MRE LT, 8 NAG 2 5% 5 NAG-B DEIAZ AR, pH DB WRIT &,
BDFD NAG-B DEIEVAEILEL 2 AERABH o7z feo T, TVA VIR
A, BN (REBH) T, FLRSEREPIC NAG-A OBREEIKTT
572912, BT NAG-B DEIEHEMT 5 LM RBEINz, 2D
ELY, TVAVREZEIBERODZ2ER, FIITEIZBERR., RERLER
BOLDODPEWERSIZLIIBEER R EICBWTRMEBRE L2 T 554
IZId. £ NAC DEEREEZHET 2 HEL D b, ¥E % NAGB 2HlET 54K
ELISAEDFEN, LDEBETELIZWETHLLEZ LR,

EROBRZMZHRWE LZRIEIIBNWT, ThE2ERT LD, BEEX
CEMSNLBERT, pHT7 LE2/RL7 6 HlICDWT NAG BERIEMHEL
ELISA J£i2 & 5 NAG-B HIEfE® B L 72, Z DR EE ABIZEEDFS +2SD
*BWARME L L-BEI1C, FORMEEIZ. NAG BREBRMETIE 33% (2.76)
123+ L. NAG-B fETIZ 83% (5/6) &% 1. & ELISA HDOZUTIZBIT 5 HFE
HERIERT /KR LHEZ (10) .

[#5R]

M NAG X9 5E/ 70—+ VHEe/ER L, R+ NAG-B 2HlET 5%
LW FA v F ELISA % FESL L7z, A ELISA IEiE, 1EKRD NAG 74 VH
A BAFHRICIA, IS L OB OBRELLE LT, ¥ 4 BEORECTR
F NAGB *EHEEEETAILEXREIC L, 72, RFEET A VAL LER
., BEEBIUBEIEN, <4707 - MNECIABELBIETIT) /-
O, BRZSHZHNE LV —F VREICDTHHEIL LBSE AETH o7,

KEPHWT, BREABIUBREBEREDR, # 400 flx BV THEZIT-
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72 Z A, NAG-B fEiIZ. NAG BERIEHME L D bSHBLBEE— I -2k

BB LETRETL/ERELB/. /2. pHTUEDT IV A )R TIE NAG-A D
BREEIAEETH L DI L, NAG-B DEZIEES L UREERIIRET
DB ELEFIIRVHE L7, o TRMERECEHICT VA Y RERTER
DHLREDLUIR, VL7 —YEEMEITEE L -RRELIET 25810
i, A& ELISA FRIITERD NAG BERIEURAEE L D L2 BEESHET 5 L
T, BRZFRL LD EHFENS,
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PURBNBEEROES

RHSCiZ. BEEOHFRECBT 8B LERE L TGS TELLMRPN-TEFL—-B8—-D —
a1 F—E(NAG) 74 VA LBD, BB lEREHEILIL. ZhERHVTEEEOHKZE
NFERREMAS 2 BME L TRE 2T R 2ENbDTH S,

1) EMNAGINT2E/ Zu—Fadifk%ER L., #FHiokhkt MKRNAGT A V¥4 LB (NAG-B) @
HEOWER ER TR 2R REREMEMRER (ELISAE) 2H U7z, RERREROSIETRA
AHETHo L SHO L M REREEOERLHERFREIC L. MERRECH T SERATER/S LIRS
Nz,

2) RELISAZEZHOTEREARUBEREEORREZMEL IoHH. NAG-B 3EEZOKSK~—
A= LTHERAESR TV 2 KPNACBREETMEL L Y BIBLBREY—I—TbHs I L 2TKRT
R ERI,

3) BRI oMLY, BEBREERCEBOTHRIENACICNT 2 NAG-BO LD 2 ESHHEHFICK
X{o>TWBIE%FH» VI, NAGTA VYA LOPpHIC L A KREEDBOZHLICL., TLAY
B> NAG-B 8 i OERFREIH REICE T2 8 LR Z /I,

AWETIR. BREENBHICET 2 NAG-BOHRAKIC DO THL»ICT S L EHIC, ZOBELORE
ELBRREREHI L. 2. NAGTA VA LADT VA VRPICEB T 2AKEREZHLCL. B
FENASNTE NAGEHEEEC LB AEOERLBESR2ER LI, 25ICZOMRKE LTNAG-B
DHEVBELETHEIE2ET LI R, BRRECL2BEREENZHOMEZRTD5 LTHOTER
RE®RZFOLIMT 5,

AHEORET., BELRET, LY ERLBEIRO SN ZERRERE (BHZHAEER OERICK
X{EHBT 2D LR NE e S, FHSUIM L B FOUSET 2 D EHEL I,
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