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A sialidase deficiency has been described in several diseases including mucolipidosis
I, cherry-red spot-myoclonus syndrome, galactosialidosis and I-cell disease. Mechanisms
of the sialidase deficiency, however, is still unclear due to the extreme difficulty of
purification of human sialidase. In order to better undersuand molecular mechanisms
of the sialidase deficiency, a human sialidase has been purified from placenta. On
SDS—-PAGE analysis, the purified sialidase fraction contains five protein bands with
apparent molecular weight of 78 kDa, 64 kDa, 46 kDa, 30 kDa and 20kDa. The 64
kDa protein is A—galactosidase itself, and the 20kDa and 30kDa proteins are known
as “protective protein” and its precursor protein. To elucidate the function of the 46
kDa protein, molecular cloning of ¢cDNA for the 46 kDa protein was conducted.
Partial amino acid sequences were obtained from tryptic peptides of the 46kDa protein
and two oligonuclectide probes were synthesized. On screening of ¢DNA libraries with
the oligonucleotide probes, a full-length ¢DNA has been isolated. The identity of the
¢DNAs were confirmed by coruplete colinearity between the deduced amino acid sequence
and chemically determined amino acid sequence of the 46 kDa protein. Furthermore,
the identity was also confirmed by western blotting analysis of the fusion protein
made by E. coli.

The full-length ¢DNA, pcD2-HS1225 codes for 411 amino acids with the first 17
residues representing a putative signal peptide. The predicted amino acid sequence
shows striking homology with human a—galactosidase A and yeast o—galactosidase,

Reprint requests to: Toyoaki YAMAUCH]I, BIRIEE k% F951 FrBTIERTE 0 1-757
Department of Neurology, Brain Research BRI ZE A AR P R P
Institute, Niigata University, Niigata City, 1Py & B

951, JAPAN.



394 FREFRME F105% F6% FTHIE6H

suggesting that the 46 kDa protein is a protein related to a—galactosidase A. An
isoenzyme of a—galactosidase A has been identified as o—N-acetylgalactosaminidase (a—
galactosidase B). To elucidate the function of the 46 kDa protein, the analysis of a—
galactosidase and «¢~N-—acetylgalactosaminidase activities of the purified 46 kDa protein
as well as in COS cells transfected with ¢cDNAs for the 46 kDa protein was therefore
performed. The purified 46 kDa protein did show a—N-acetylgalactosaminidase activity
toward p—nitrophenyl—a—N-acetylgalactosaminide as well as a—galactosidase activity
toward 4—methylumbelliferyl—c—galactopyranoside. Hydroxylapatite column chromato-
graphy confirmed the identity of the 46kDa protein as a—galactosidase B (a—N—acetyl-
galactosaminidase). COS cells transfected with peD2—-HS1207, pecD2-HS1225 and peD2-
HS1237 showed marked increase of a—N-—acetylgalactosaminidase activity as well as
d—galactosidase activity., SP—Sephadex column chromatography demonstrated that the
expressed o—galactosidase activity behaves as «—galactosidase B, which is in good
agreement with previous suggestion that «—galactosidase B is in reality «—N-—acetyl-
galactosaminidase. The COS cells transfected with pcD2-HS1225 also shows a—~N-
acetylgalactosaminidase activity toward Forssman hapten, asialo-bovine submandibular
mucin and asialo-porcine gastric mucin, confirming the previous findings that the «-
N—acetylgalactosaminidase has a broad substrate specificity. It was concluded that the
46 kDa protein associated with the sialidase fraction, is a—N-acetylgalactosaminidase.

Recently a deficiency of the o—N-—acetylgalactosaminidase in human has been
reported. The patients with the a~N-acetylgalactosaminidase deficiency excrete large
amount of amino acid glycosides. To elucidate the mechanisms of urinary excretion
of amino acid glycosides, a—N-—acetylgalactosaminidase activity toward urinary amino
acid glycosides was investigated. The structure of the major amino acid glycosides has
been determined to be NeuAca2-3 Gal #1 —3 Gal NAca1—Ser (Thr), NeuAca2—3Galf1-
3(NeuAca2—3Gal f1-4Gal NAcf1-6) GalNAcal—Ser (Thr), NeuAca2-3Galf1-3 (NeuAc
2 2-6) GalNAcal—Ser (Thr) and NeuAca2-3Galf1-3 (NeuAca2-6) GalNAca1—Thr—
Pro. a—GalNAc—Ser (Thr)—DNS, prepared from the NeuAca2-3Galf1-3GalNAcal—
Ser (Thr), NeuAca2—-3Galf1-3 NeuAca2-3Galp1-4GalNAcf1-6) GalNAcal—Ser (Thr),
NeuAca2-3Gal #1—-3 (NeuAca2—6) GalNAcal—Ser (Thr) was shown to be hydrolyzed by
the a—N-—acetylgalactosaminidase expressed in the COS cells transfected with pecD2—HS
1225. Amino acid glycosides, NeuAca2-3Galf1-3GalNAcal—Ser (Thr), NeuAca2-3Gal
A1—3 (NeuAcu2-3Gala1-4GalNAcp1-6) GalNAcal—~Ser (Thr), NeuAca2-3 Galgl-3
(NeuAca2~6) GalNAcal—Ser (Thr) cannot be cleaved by the a—N-—acetylgalactosaminidase.
The result suggests that addition of sialic acid and galactose to GalNAcal—Ser(Thr)
might take place after the degradation of GalNAcal—Ser (Thr) is blocked due to the
a—N-—acetylgalactosaminidase deficiency.

Key words: human a—N-—acetylgalactosaminidase, human «¢—galactosidase B,
molecular cloning, expression, lysosomal enzyme deficiency
b a=N-TEFNFI +HI=F—+F, b b a-HF77 b5~ B,
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FF E

ERDFA V=AY T R EEEOET T AR
ELTH a2 F—v A1, cherryred spot-myoclonus
syndrome, #57 b7V F—Y A, I-cell &
DV O DERAHLRTLAUDDN s Lis
b, YT Y E—ER VAT EE ORI R
By T U F—EEDOLDLOWTOBREIE T EhT
WiV FZTE PKFA YT ) A —EOEFET 5
HAK TEFe b7 ) X —EA2BH LYY, 2O
B EgEhnd & v 7D characterization 1T\,
ELIZEDR YA % a—F LT ABETEEYHDS
DT B EDLBETHL EE L.

Bile 7 ) £—HES% SDS-RV T2 UAT I RS
NEZRXB LD G ET 2k & 2 ASFRE 78KDa,
64 kDa, 46 kDa, 30kDa, 20kDa R b5 5EKD & v
R Ry K EE2, T05h, 64kDa D& R 2L
B-FH5 7 b A—ETHHPY, 30kDa BLU 20kDa
DAVIRIG B-H7 I b F—EBLIT VT YL~
OERRBRB LU LT ORELCARTARLbD B
“protective protein’ T# 50112 | f-45T 78kDa,
46kDa D& VNI BRYT Y X —EOBBEBS %R T O
TRk EBEL LRI, T A EEEERE L
FEROBODE VAR RERT L LI TE T
FZTHEEOTRIRFRMD 46kDa DXV A7 DL
T DNA 7 u—=v 7 LM% Tt 2 A,
a-galactosidase A & OHBEMAFERLDIZ, O 46
kDa # v /%73 a-N-acetylgalactosaminidase (a—
galactosidase B) T# 5 Z & &G s LIP01I916)
17)

XD FENIH 2D a-N-acetylgalactosaminidase
AR EERREAY R T ENRBEhTETY
Jop920 - =y 46kDa & ¥ /37 D cDNA #Hu
LERERRERTHC T OREBRRE Y MR L.

B, =@ a-N-acetylgalactosaminidase @D/KIBfE
LR N2, ZhbOEFCEV TRPCAER
Bt 2 A amino acid glycosides OBERTEE S I
LB 2T CORARERAVWLII LD IALR
7 amino acid glycosides A& D & & i fHEREE R L -
T A2V TORIT LT - 1o,

AR LU HE
1. 897 3 /BRFIOBRIR
B LAY 7 ) X—HESD) pbxz0a v R—3 v

bD—DkELZ BID 46kDa O % v 7 RRFERE
BLEONKBE LU MY 7 v @EHh 5 Applied
Biosystems Inc. @ Automated sequencer model 470
A FRCTES T 3/ BESIR 2 SWE L.

2. 46kDa #2170 DNA 70—=04

Bonicis T 3 /BESI% b Sice MO codon usage
frequency®V?® #BEI LT, ThXho7 I /B
—2@a K& HTHL, 33mer O D unique
oligonucleotide probe (oligonucleotide 1 : 5 CCAC-
TCGGCGAAGGTCTGGGCGTCCTGCACCAC) &,
L5 =007 I /BRSNS, &TOTEELY B L
7z complete mixture @ oligonucleotide probe (oligo-
nucleotide 2 ; 5 GOCCATNGGNGGNGT (CT)TGNAG,
5 GCCCATNGGNGGNGT(CT)TGCAA) % Applied
Biosystems Inc. @ Automated DNA Synthesizer
model 38LA #F\THEB L7, Clontech Laboratories
PHOREA LTzt MR HIRID cDNA 5475 1 —
AV TR UAF N1 RECTHER low stringent
gt (50°C, 6 xSSC (1 XSSC: 150 mM NaCl, 15
mM sodium citrate)) T/ 7Y XA ¥— 3 V&1T
Vv, B Rh12(80 putative cDNA clones % LT
BieA VI L AF K2 TA TV EAXT L 70—
YERAETHEWCIHELTEOBRED T — 7w A
TYELXTErn—y (A-HS1013) #BifEL7c. &
Liczosn—yDb5 k7 n—75 L THVKE
National Institute of Mental Health ®Rili{E A+
mhfiEEhice b RERHEEFERY SPF LT peD2
cDNA SA 75V —%22Y—=v T L12%),

3. DNA OBEREFIOBYT

sua—=v I THLhcsa—vDA v— % pUC
19 @y 77 o—Abli. SIREEER, 500,
Bal 31 nuclease, exonuclease it L 284 DR XD
deletion %> subclone %1%, dideoxynucleotide
chain terminator # (Sanger #)%7%)29 2B\ T %
OEFRET % RE L.

4. HERENEOREE

Genetyx 2V ¥ a—X—707 5 A5%HT Gene-
Bank (release 57.0) (¥ EMBL (release 16.0) @
F g3y 2 L CHBRORE R T - 1.

5. Hydroxylapatite column chromatography

p-Aminophenvlthio—8-D—galactose-CH-Sepharose
affinity column chromatography T8 5 hi-@E4'®
% 1mM @ NaCl 28t 0.001M © Y vEEER (oH
6.5) KX LTHENTL, FEREEW Vit 3hi: Hydroxyl-
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apatite HPLC column & apply L 05 60mM ®
) v EREEWE (pH 6.5) @ linear gradient THEMH L
72300,

6. COS MfglC& o —BNRE

10% 7 VIBRIEREALEZ A~y afiikl — /LB
ok VT transfection 24RHHIRNRC COS #f% 25 cm?
DT FAALKATXIPEELDB L TR, VB
Ay AIEWEM m SR 1 TS5 R M) 20 ug D
plasmid DNA O3tIRHE% fER LEEHIC N2 7o, 6014
#iz harvest L, cell pellet # 1ml OZREKTHERE
LRY bavesf skl b4 F—BHTkesF
1 XL, BREROMESIT -7,

7. BREHOUNE

(a) ATHE

a—galactosidase &E#E2 40 mM @ 4-methylumbelli-
feryl-a-galactopyranoside (4-MU-a-Gal) %% 0.2
M O 7 = v EEEEW (pH 4.8) 200 ¢l & 35 pg O
Fa VAU BELKER 100 ¢l #EEREE LT,
37C T2 vF 2 —v = v Ll LT 4-methyl-
umnbelliferone % B IEKEF & V- THIE L.

a-N-~acetylgalactosaminidase #&E#ElX 8 mM @ p-
nitrophenyl-N-acetyl-a—galactosaminide (pNP-Gal-
NAc) &% 0.2M 07 = vEEEN (pH 4.8) 100
pl @ 35 pg OFER S VR0 % ELKEE 200 pl #E
FIFEE LTk, 3TCTO0RM A vF a~x—ra v LiF
B L7 pnitrophenol % 400 nm OWRNKE &R KEEH
P TRIE L1992,

(b) Forssman hapten

JEBITLE MWD N-acetylgalactosamine % *H T35 <
N LfcA 2B EHFED Forssman hapten 20 gg (23000
dpm) % 300 zg @ sodium taurocholate (Carbiochem
Lot No. 810—173) #&1s 0.33M 07 = V@Y Vi
RBEW (pH 4.5) 30 pl WML, 490 pg OFE 2 v
RO EEL KB 170 1 2z, 37CT1, 3, 5K
CISBEEOD A v % 2 ~— ¥ 2 V4T, Folch ZHl,
Bt 72 N-acetylgalactosamine DBSIEHEZRIE L
7288

(c) Rt amino acid glycosides

a-N-acetylgalactosaminidase RIBFEBRER S amino
acid glycosides » H¥EHL L7 GalNAcal-Ser(Thr)
% dansyl {b L7z GalNAcal-Ser(Thr)-DNS % #H
& LT aN-acetylgalactosaminidase i&#:# LLTF DK
T THIE L.

1.5 nmole @ GalNAcal-Ser(Thr)-DNS kL UF 44

pg OERE2VRIZ%E&T 0.06M O 7 x v EEER

. (pH 5.0) 100 gl #37C-C12W 7o\ L24RERIA v o

_— gy LiEEE L Ser(Thr)-DNS %4 HPLC
CTOBERE LD,
(d) 7o 7 n P FRLF Y ROT v 7 n KB
LF

7T L LI TRAF v IO T v Tl
KB K 4 5 v ioabd B a—N-acetylgalactosaminidase
TEME% LUT o ke TilE L.

T b L E TR F v T o 7 ekl
FREREIE A 5 v 500 pg ®5 L OBESE 2 v /82 (pNP-Gal-
NAc Xt LT 3761 nmoles/min./ml OBEREES L
Db MREEE 4 v oS 5pl F703 COS #ilto
YR b 2004 FEL 0.067M OBEAEEE (pH
5.0) 300p] A4 vFa—vavl, HRHELE N-
acetylgalactosamine % Reissing #:%) o CHI%E L 7.

8. SP-Sephadex C-50 /A 3AhT L O

ST 4 —

v NEBOE R v RV ESRU COS fMilaogE z v
AU B % 35 mM ORFBEEW (pH 5.0) TP
L7 SP-Sephadex 7 4 (0.8X 4cm) & apply L,
05 1M @ NaCl @ linear gradient kv 7 &
RN AR Bk 2 RS il

9. messenger RNA DR

HeLa #Hfm, v MMM, v PHBR IO M
L9 total RNA #HitH LAYV 7 dT #7462 8m< b
7574~k poly A(+) RNA »Big /-3, 75
mM KCl, 10mM DTT HL' 5mM MgCly #&1s
50 mM TrisHCl (pH 8.3) T 5S5ug @ poly A (+)
RNA #88i& 1, 754 v—&LTAY o AT (1me/
ml) % 2pl F\v, MuLV {murine leukemia virus)
reverse transcriptase (Bethesda Research Laboratory,
Gaithersburg, MD, U.S.A.) #HUVTEAER 454
T37C, 1WHA v+ 2 ~X—> a v L complementary
DNA #&B Uiz, BREYS E#MHT, polymerase
chain reaction (PCR)3"3) %757, 220 oligo-
nucleotides (primer 1; 5 GCTGCTCATTGGGAAC-
TTTG, primer 2; 5 GCTAGCCTTGGACAGAG) i
Applied Biosystems Inc. @ Automated DNA
synthesizer model 391 % WV CfER L7z, PCR it
denaturation (93°C, 30%), annealing (55°C, 30§),
extension (72°C, 34) #30EH#&»:E LI, PCR B
Ww 1.8 %7 Ho— 27 VESIKEN % L, ethidium bromide
P L, X5, Southern blotting #, pcD2-HS1204
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@ Kpnl #7H (nucleotides 850—1608) % 7' u—7 &
LT TV ELE—>a /&l
¥ S

1. 46kDa #X@ DNA v 0—=24

¢DNA DAY —=v ik, 46kDa # 2D RY
Ty VR X0 BORES T 3 BEFIE degene-
racy OB\ RV EELT I /BEELEEh Tz
oz, & b® codon usage frequency #F|H LT,
FADTI/BL—20a Fv M THAS>ZER LD
unique 7ZEF[% &> 33mer ® oligonucleotide
(oligonucleotide 1) # &KL T, A7V —=V IV %fT
oo ATV EALA -2 a vk, 6 X8SC FT50C &
WH KL stringency TT\Vy, 12D putative clones
Bl Zhbosu—viEgownT, Big, Jlors
BAECH ] &/ L1, complete mixture b 7c A8 2
@ oligonucleotide probe (oligonucleotide 2) # FHu»

397

THATIVHEAE—Y aVEIT-HEDA, THED
oligonucleotide probe /"1 7V &4 X+ 30—y
AHS1013 2 b ht. TOEERFIOBFI 7S 2 20
tryptic peptides ® 7 3 / BEEF & 558 /s colinearity
DN bh, 46kDa 2 v 3 % a— K35 cDNA &
LT identity FEB &h: (B 1: THE). Fio,
Z D ¢cDNA % reading frame %#&h¥ T pUCI9 D
multicloning site WAL, lacZ ® a-peptide & O
fusion protein & L CKIGE IMB3 THHE X, Western
blotting K X OB 1T 124 25, 46kDa & v /37
T BRI RIET 2 2 vy MBEBLL TV B T &
WRINZDI/n—v0 46kDa £V /87 % a— K7
%5 ¢cDNA & LTO identity 2B 2FRAEB LN
o (& 2).

BHNCA D ) —=v 7 #Ff>7 Clontech Laboratories
Hoe MR cDNA 51 75 U —iZid fulldength
D DNA BEEThTWich-lfcdic, KB National

CAGAGCCCAACACATACAGCTGATACACGCAGACCAGATCTGGTCAGGTCCTCGGAAGCTGAGTCCAGAGCG ATG CTG CTG AAG ACA GTG CTC TTG CTG GGA CAT 108
Met Leu Leu Lys Thr Val Leuw Leu Leu Gly His 11
GTG GCC CAG GTG CTG ATG CTG GAC AAT GGG CTC CTG CAG ACA CCA €CC ATG GGC TGG CTG GCC TGG GAA CGC TTC CGC TGC AAC ATT 192
Val Ala Gin Val Leu Met Leu Asp Asn Glv Len Leu Gln Thr Pro Pro Met Glv Trp Leu Ala Tre Glu Arg Phe Arg Cys Asn lle 40
AAC TGT GAT GAG GAC CCA AAG AAC TGC ATA AGT GAA CAG CTC TTC ATG GAG ATG GCT GAC CGG ATG GCA CAG GAT GGA TGG CGG GAC 279
Asn Cys Asp Glu Asp Pro Lys Asn Cys Ile Ser Glu Gln Leu Phe Met Glu Met Ala Asp Arg Met Als Gln Asp Gly Trp Arg Asp €9
ATG GGC TAC ACA TAC CTC AAC ATT GAT GAC TGC TGG ATC GGT GGT CGC GAT GCC AGT GGC CGC CTG ATG CCG GAT €CC AAG CGC TTC 366
Met Gly Tyr Thr Tyr Leu Asn lle Asp Asp Cys Trp Ile Gly Gly Arg Asp Ala Ser Gly Arg Leu Met Pro Asp Pro Lys Arg Phe 98
C€CT CAT GGC ATT CCT TTC CTG GCT GAC TAC GTT CAC TCC CTG GGC CTG AAG TTG GGT ATC TAC GCG GAC ATG GGC AAC TTC ACC TGS 453
Pro His Gly lle Pro Phe lLeu Ala Asp Tyr Val His Ser Leu Gly Leu Lys Leu Gly Ile Tyr Ala Asp Met Gly A‘n Phe Thr Cys 127
ATG GGT TAC CCA GGC ACC ACA CTG GAC AAG GTG GTC CAG GAT GCT CAG ACC TTC GCC GAG TGG AAG GTA GAC ATG CTC AAG CTG GAT 540
Met Gly Tyr Pro Gly Thr Thr Leu Asp Lys ¥al ¥al Gln Asp Ala Gin Thr FPhe Ala Glu Trp L¥s Val Asp Met Leu Lys Leu Asp 156
GGC TGC TTC TCC ACC CCC GAG GAG CGG GCC CAG GGG TAC CCC AAG ATG GCT GCT GCC CTG AAT GCC ACA GGC CGC CCC ATC GCC TTC 627
Gly Cys Phe Ser Thr Pro Glu Glu Arg Ala Gln Gly Tyr Pro Lys Met Ala Ala Ala Leu A‘n Ala Thr Gly Arg Pro Ile Ala Phe 185
TCC TGC AGC TGO CCA GCC TAT GAA GGC GGC CTC CCC CCA AGG GTG AAC TAC AGT CTG CTG GCG GAC ATC TGC AAC CTC TGG CGT AAC 714
Ser Cys Ser Trp Pro Ala Tyr Glu Gly Gly Leu Pro Pro Arg Val A‘n Tyr Ser Leu Leu Ala Asp Ile Cys Asn Leu Trp Arg Asn 214
TAT GAT GAC ATC CAG GAC TCC TGG TGG AGC GTG CTC TCC ATC CTG AAT TGG TTC GTG GAG CAC CAG GAC ATA CTG CAG CCA GTG GCC 801
Tyr Asp Asp Ile Gim Asp Ser Trp Trp Ser Val Leu Ser Ile Leu Asn Trp Phe Val Glu His Gln Asp Ile Leu Gln Pro Val Ala 243
GGC CCT GGG CAC TGG AAT GAC CCT GAC ATG CTG CTC ATT GGG AAC TTT GGT CTC AGT TTA GAG CAA TCC CGS GCC CAG ATG GCC CTG &ag
Gly Pro Gly His Trp Asp Asp Pro Asp Met Leu Leu Ile Gly Asn Phe Gly Leu Ser Leu Giu Gln Ser Arg Ala Gin Met Ala Leu 272
TGG ACG GTG CTG GCA GCC CCC CTC TTG ATG TCC ACA GAC CTG CGT ACC ATC TCC GCC CAG AAC ATG GAC ATT CTG CAG AAT CCA CTC 878
Trp Thr Val Leu Ala Ala Pro Leu Leu Met Ser Thr Asp Leu Arg Thr Ile-Ser Ala Gln Asn Met Asp lle Leu Gin Asn Pro Leu 301
ATG ATC AAA ATC AAC CAG GAT CCC TTA GGC ATC CAG GGA CGC AGG ATT CAC AAG GAA AAA TCT CTC ATC GAA GTG TAC ATG CGG CCT 1062
Met Ile Lys Ile Asn Gin Asp Pro Leu Gly Ile Gln Gly Arg Arg lle His Lys Glu Lys Ser Leu lle Glu Val Tyr Met Arg Pro 330
CTG TCC AAC AAG GCT AGC GCC TTA GTC TTC TTC AGC TGC AGG ACC GAT ATG CCT TAT CGC TAC CAC TCC TCC CTT GGC CAG CTG AAC 1149
Lew Ser Asn Lys Ala Ser Ala Leu Vsl Phe Phe Ser Cys Arg Thr Asp Met Pro Tyr Arg Tyr His Ser Ser Leu Gly Gln Leu A‘n 378
TTC ALC GGG TCT GTG ATA TAT GAG GCC CAG GAC GTC TAC TCA GGT GAC ATC ATC AGT GGC CTC CGA GAT GAA ACC AAC TTC ACA GTG 1236
Phe Thr Gly Ser Val Ile Tyr Glu Ala Gln Asp Val Tyr Ser Gly Asp Ile lle Ser Gly Leu Arg Asp Glu Thr A‘n Phe Thr Yal 388
ATC ATC AAC CCT TCA GGG GTA GTG ATG TGG TAC CTG TAT CCC ATC AAG AAC CTG GAG ATG TCC CAG CAG TGAGGAGCTGGGACATGTGACAG 1328
Ile lle A‘n Pro Ser Gly Val Yal Met Trp Tyr Leu Tyr Pro lle Lys Asn Leu Glu Met Ser Gln Gln
GCTGTGOTGGCACCACTGAGCCTAGACCATGGAGCCTTGGCATGCCCAGGGLAAGTGGGGAGCTTCTCTGCTCCCCAGGCCTGCTCGGTGACTGACCCCATCATACCCAAAGTSE 1444
ATCTCACGGCCAGGTTCTATGCCCTGTCCAAGCGTAAACCCTCTTGGAAACTTCTTTTGGGGCAATTTTCCTGTGGCCTTCCTGGCCTCTACTTICCATGTGCSCAGCCCCACAGAC 1360
GTTGCTGAGCAACTCGCCAGCCTCCTGAGCTCCATGECCATCAGGACTCTAGCCTCTGACCTTGCTGTITGACTCTGAAATCAGGATTTGGAAGTTTTCGAATTAGGAGTAGAGAGA 1676
1792

TCTGACCTCTTGCCAGGAATGCCCATGGATCATGTGATTGGCTTTTCTACCCATAGAGGGCCTTGCAGCCTGATACCACCTGGGAGTGAGGGTCACAAAGGAGACCTTSGGCTCCCT

CAGGTCACCRATKANCCTGTTCTTTAATC(A)

B 1 kb g—N-acetylgalactosaminidase ¢cDNA (pcD2HS-1225) D& F |10

THBITEEACREZ o7 3/ BEY), KHNL signal peptide clevage site,
F4 7€ FIiL N ARSI 68O, AL polyadenylation signal %

R
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B 2 pUC19 #H\ /- fusion protein
DFE

L— 1% pUC19, L—> 21T 1HS1018 * pUC
19 HAAAIEH D,

Institute of Mental Health ORI AE LT~ peD2
~ya—-FRACTELhI e MEMEFMIRO cDNA
17508 DEERZE, COFA TS5V —DRAY
Vv b, 6202 Ehbhs cDNA % B
Liz. Zhbdd b TRED peD2-HS1204 OHEE
TN 21T -7 & 2 5 poly A tail, consensus @
polyadenylation signal ##& L, 46kDa % v /37 % a2
N4 5ME—® open reading frame HFFEL, translation
initiation site £&F % bh b ATG @ L in frame

288 -

|

188~

Bl 3 HeLa #il@ poly (A) RNA % H
\7o Northen fi#tfr

peD2-HS1204 % 70— 7 & L 2.2kb OV FIT
4T 52RO cDNA PELRIC & 2RT.

OFtha FYpEFE L, Hela fil2D polyA (4+) RNA
%\ 7> Northen blotting O#E (F 3) #&b+¥
T, &R0 cDNA pfEbhicéExbhic. ok, K
3 TESFHEO RNA ©oWTE, A7 54 v v 7
@ nuclear transcript OFREMEAB 2 LR 5P, R
BELRTWinL.

2. 46kDa # 2 /\7[E a-N-acetylgalactosaminidase

TH%

HEAROBRBOFERE, o pcD2-HSI204 itk b a-
HI 7 b &—¥ AW BURER a-H 57 b X—
£ Lo IEFTECEEERED H R, pcD2-HS
1204 L FHENRL T 2 VBEFIEE b a-HF 2 b
VHE—EARIUEER a-H 57 b X—EDT I /B
A & ORicidf 4 50.6 %, 31.8% &IEFE VR
HERDL. ZOFERNIS, 46kDa 2V R0 H a-F
SO by H—-EARBEBOENZ Y R0 THL T EHR
BEh, HERID a-HF I PV HF—HADTA VTV
HA hELTHILRTWL S aN-acetylgalactosaminidase
(a-galactosidase B) TH DHEFEMAREE X 1, R 46

% 1 46kDa &% ¥ 2 O¥EBl L a-N-acetyl-galactosaminidase ¥E#EM

fnoﬁloﬁzcst/lgg ipergg;gs;igilr\;}gg protein {iz&ll%AG/wGal) purification fold
glycoprotein fraction 255.8(120.5)* 0.105(0.0495)* 2.12 1
PATG 57.2( 15.0) 3.14 (0.905) 3.47 29.9
HPLC (Diol 300) 37.2( 9.3) 8.86 (2.22) 4.00 84.4
hydroxylapatite 28.2( 7.4) 17.6 (4.61) 3.82 167.6

* a-galactosidase actitvities are shown in parentheses.

a-NAG, a—N-acetylgalactosaminidase.
a-Gal, a—-galactosidase.

PATG, p-aminophenylthio-f-D-galactose-CH~-Sepharose chromatography.
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kDa, XU COS MilaT 46kDa # v/ 2% a— ¥
% cDNA »RB &, FoOREBRRME LB L.
46kDa 2 vV OBHOEAT v THRGEY VT
WNEDWTD a-H 5 7 by ¥—EE®ERDY a-N-
acetylgalactosaminidase JEMEA®ET L7z (& 1). 46kDa
B Yy EELEYC B THEMC a-N-acetylgalacto-
saminidase fEMEATFE L, BRCHE - a-HF5 27 b
& —BiEW R a-N-acetylgalactosaminidase 7&#:ik
FOREWO ERAEAD, ELE a-HF 7 by F—¥
&M & a-N-acetylgalactosaminidase &t & OROTE
HHESWTRWTRORAT » 7 THRIEFRAUTH - k.
a~-HIZ I v E—¥AE a-HF7 7 P X—EBED
Ko BRI THESR L7 46kDa £ v /327 ® hydroxyl-
apatite column chromatography #fT-7 &2 A, &
ROBENLE a-H 57 b X—EADEHEhLES
i a-H5 0 b A—EERIED LT, a-H T2
by F—HBORDLNAEGICHEEN,O & v 7 O
HA3AD, FOE—21—HLT a-HF 2 b &X—+¥
EMER O a-N-acetylgalactosaminidase &%
(B 4-A). FError—7 oyt SDS-PAGE - 46
kDa @ single band %7 (B 4-B).
#BrhicZa—v peD2-HS1204, peD2-HS1207,
pcD2-HS1225, pcD2-HS1237 #HwT COS Ml

#A L transient expression DFiZ TRBAME L.
peD2-HS1207, pcD2-HS1225, peD2-HS1237 % trans-
fect L= COS #ilaTiza v bo—nitlh~<7T&4 8.5,
13.5, 10.7 f&® a—-N-acetylgalactosaminidase D%
KA R LT, peD2-HS1204 #% transfect L1284 Tt
HREOGEURHAIED Shich -1 (F 2).

b aRENE 2 v 7B SP-Sephadex h 7 42
R S5 7 4 — BT HEEIIR A WRTERD
ThHy, RO —27I12it a-N-acetylgalactosaminidase
EMR LU a—galactosidase EHEOBESED 0.5M
NaCl CBEHERTL 5% 5 —20O— 27 T3 a-galacto-
sidase TEMED L2 BB, LD Z L EBETOE— 2
¥ a—N-acetylgalactosaminidase (a-galactosidase B)

* 2 COS #ilgwks % a—N-acetylgalacto-
saminidase J&HEDRES

DNA a-N-acetylgalactosaminidase activity
None 1.2%0.6 n moles/min./mg protein
pcD2-HS1204 1.4+0.3
pcD2-HS1207 10.2+3.4
pcD2-HS1225 16.2+1.4
pcD2-HS1237 12.8+2.3

Values are expressed as mean+S.E.M.

A
b
©
0.08¢ T
£
Y 400t £ 60
L ©
e 0
g | ¢
o e ©
@ P~ ©
o 0w ) <~
g Q —~ Qs
<oost £4 5% o
: Oa > £~
H T o 2001 < o
: i g~
oF < 1
?" 4
< Qi 40
L o
o

Fraction

B 4 A. 46kDa # »»¥7 5@ Hydroxylapatite column chromatography !

—O—; a—#H5 2 b v& - Lk

—@—; ¢—N-acetylgalactosaminidase &
B. 46kDa # »/¥7 5D SDS-PAGE ¥ X U fi46kDa ¥ »/<7 {fifh% H

U o immunoblot & & A @y

VY13 ey —T7n—gh, v — v 2i3fid6kDa & v kv HL

7z immunodetection.



400 FREFLMEE £105% P68 FTHIE6H

A SP-Sephadex column chromalography
s O—0
PNP=GaINAC | 11 man placental glycoprolein fraction | 4MU-a-Gal
20 :
I 150
NaCl
- 1100 -1.0
-50
10
0
Fraclion
B Q@ O—0
PNP-GalNAc COS-pch2-HS 1225 4MU-a-Gal
0.1
- 40
NaCl
1.0
0.05 rd
20
WWW
__________ - +0
-
0 - -o—o—. ()
10 20
FFraclion

B 5 A. kb bJBEES X ERO SP-Sephadex W7 420w b4 574 —,
B. pcD2-HS1225 % transfect L7z COS #HifAD ¥ v ¥ 7 @5y D SP—
Sephadex # 7 L2 avw b 57 4 —,
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%, & H—HDE— i3 a-galactosidase A TH5HZ
EHERRLTWLSS), 5-B 123 pcD2-HS1225 #%
transfect L7z COS #ilankE 4 v @G D SP-
Sephadex A5 A2 u=< b J57 4 —%RLI., ZOH
i3 a~N-acetylgalactosaminidase (a—galactosidase
B) M+ IE—DE—-7 &R L.

3. bk b aN-acetylgalactosaminidase cDNA @

BERTIORIT

HHEETIOMYT L v, pcD2-HS1204 DEHEFI,
pcD2-HS1207, pcD2-HS1225 KU pcD2-HS1237 &
HEET 5 EE 6-A WRT & O R CEREBESE 70 bp
OEART % FH, +Odic peD2-HS1207, pcD2-
HS1225 R U pcD2-HS1237 @ open reading frame
E DR BT frame shift #R, TORERBEAL

LT 3 /BRANEE - ADERB I ERRER
fo. Z@ 70bp OFWMAEIE L OBARRD LD
B oS LI E-EEE AL, SH A
EFodizid 5 CTGGATGCCTAAGGGATGCTG &
WHEF—T7OBRVELEZEDL (B 6B, 6C). pcD2-
HS1201, pcD2-HS1204 B U peD2-HS1209 wwfitid 5 5
MR 3 WOIEFERFES OEREFTNLHE -~ DTH -
i, THRHOET poly A tail DEX IRk -TW
fo. b b EERRMESEAIES, Hela MG, M7l o poly
A(+) RNA % & & LOHIERERMR LAV T cDNA
E LR, BAEZIEEL X 5K LT polymerase chain
reaction Zf7\> messenger RNA (mRNA) OfEEH#%
FENT LIc & 2 HKEST D mRNA BBARTI2& %7
WHDTHBHEZ bbbl

1 kb

A

pcD2-HS 1204 e &Y
pcD2-HS1207 —N
pcD2-HS 1225 -
pcD2-HS 1237 —N

B

1290

+
pcD2-HS 1204 GATTCACAAGGGATCCTGGATGCCTAAGGGATCCTGCGTCCCTGGATGCCTAAGGGATCCTGGGACGCAGGATTCACAAGGAAARATCTC

940

]
pcD2-HS 1225 ACATGGAGATTCTGCAGAATCCACTCATGATCAAAATCAACCAGGATCCCT TAGGCATCCAGGGACGCAGGATTCACAAGGAAAAATETE

c pcD2-HS1204

1 2160

pcD2-HS1204

2160

1300 1369

| M S W

1300 — N AN

1369 —

1440

Bl 6 A. B+ a—N-acetylgalactosaminidase cDNA (pcD2-HS1204, pcD2-
HS1207, peD2-HS1225, pcD2—-HS1237) @ physical map.
B. pcD2-HS1204 KB Lt 70bp DIEAKF.
C. pcD2-HS1204 ORBARCEAD bR DE LESIDEF — 7 18,



402 FREFEEMIE H105% F6F FHIE6A

1 weREoD e b aN-acetylgalactosaminidase ¢cDNA
(pcD2-HS1225) O&BEEFI%RT. pcD2-HS1225
31821 HE A B b, poly A tail U consensus
@ polyadeylation signal BiF|#FR 7. 46kDa D 4
v 30k a— K3 5ME—O open reading frame ¥
L, Z® open reading frame 17D 7 3 /EBhH
Lish Y ZFnTF FPRIOCEBEO 2 v 2L LT
3UMOT I /BE2—-F L5, FTERELT /%
WELIO N T vEicL B ohiT I BES &
FERE—HLTCNBEIATHE. 2—F 1 v IHNA
6 rATO NSRS MR A RE S R, &
@ pcDHS1225 (2 b a-H 5 2 by #—EA LBEET
57.9%, 7Ii/BTs22%imv-HEEERRS . ¥
fo, EOMRAMRS WTHEBCEY - Linkkad filT
BEWC ERbh o, BICEKERD 2 2%ER\71282
DY ATAVEBRERE D a-F 3V b E—HALID
46 kDa BHOHITHRIFEh T,

4. COS MRRICEH2—BMRERERV o N-

acetylgalactosaminidase DEEIFRMY
pcD2-HS1225 % transfect L#- COS fifgiL, pNP-
GalNAc, Forssman hapten &% LT 16.0, 0.0020

a—-N-acetylgalactosaminidase a-galactosidase

< 1000 210
= p=1
g s
z z
® 3
E e
85 &
=23
g . g
= 500 =05
B =]
= E

P

mock
pcD2-HS1225

nmole/mg protein/min. @ a-N-acetylgalactosaminidase
EEE R L, 4aMU-a~Gal &%t LT 0.12 nmole/mg
protein/min. @ a—galactosidase F&EMEAR L (B 7).
AMU-a-Gal %45 Km fEix COS filtzod o
TiX, 1.43mM TH L0 L, pcD2-HS1225 %
transfect L THET % a-galactosidase Tk 41.7 mM
TH-t (B 8). KREE & LT Forssman hapten,

4V (n mol/min)’

a—galactosidase mock
20
1 poD2-HS1225
0 0.5 w0 ¥s (mw’

B 8 4-methylumbelliferyl—a—galacto-
pyranoside
—@—: pcD2-HS1225 % transfect L7z COS
FtioR
(=1 mock transfected ® COS #il.

Forssman antigen

-
(o]
<

(p mol/ing protein/hour)

SRR

AN

.

8

mock
pcD2-HS 1225

mock
pcD2-HS 1225

B 7 pcD2-HS1225 % transfect L7z COS ##l
fao> pNP-N-acetyl-a—galactosaminide
Ixtd 5 a—N—acetylgalactosaminidase
&t (), 4MU~a—galactopyranoside i
T 5 a—galactosidase 7EME (), B
LU Forssman hapten X4 % a—N-—
acetylgalactosaminidase Gt ().
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n moles Forssman hapten

1.0}

0 1 2 3

hour

B 9 pcD2-HS1225 % transfect L7. COS #i
o> Forssman hapten WKXt4 5% a—N-—
acetylgalactosaminidase 7E

Human placentsl a-N-acethylgatactosaminidase activilies

Time course

asialo-BSM

GailiAc reloasad [n mol/unit!

A ysialo-PaM

Il !

Oy 8 17 T 5 30 3

Incubation time [hr)
10 pcD2-HS1225 % transfect L7 COS

Mg E@ L F v icd b a—N—acetyl-
galactosaminidase /&

7T oI AETRAF Y, AU Ty 7 riks
hic 7 2 BRSE 2 v ioxwt L, peD2-HS1225 % transfect
L7 COS #iflgit a—N-acetylgalactosaminidase # 7R
TEMHER SR (E 9, K10).

5. a-N-acetylgalactosaminidase (a—galactosidase

B) RIBEEDEAERRYT

AEERKBEBRZEOR B » HLEH X Wi amino acid

glycosides # Hif%E L7z GalNAcal-Ser(Thr) -DNS

#* 3 pcD2-HS1225 # transfect L 72COS #fi
1o GalNAceal-Ser (Thr) w4 %5 a—
N-acetylgalactosaminidase &#:

DNA aﬂa({%lﬁﬂ;():-Ser h pdrr(])]lglzeid
incubation time 12 hours 24 hours
none 4 9
pcD2-HS1225 11 38

#HE L L, peD2-HS1225 % transfect L7z COS #
B, &%\t mock transfected @ COS #ifa 4 B
BE U TERER SR Ltk 25 pcD2-HS1225 %
transfect L7z COS fiifi GalNAcal-Ser(Thr)-DNS
wxt LTH & M iC a—N-acetylgalactosaminidase &M
FHLTWHEEARENE (3 3). aN-acetylgalacto-
saminidase KIFEBFORFICHHEE M2 amino acid
glycosides (NeuAca2-3Galf1-3GalNAcal-Ser (Thr),
NeuAca2-3Gal f1-3(NeuAca2-3Gal f1-4GalNAc §1-6)
GalNAcal-Ser(Thr), NeuAca2-3Galf1-3(NeuAca?2
~6)GalNAcal-Ser (Thr), NeuAca2-3GalBf1-3(NeuAc
a2-6)GalNAcal-Thr-Pro % L Tid a-N-acetylgalacto-
saminidase JE¥EIIR Sk - i,

E: =

G4~ LBERD cDNA 7 n—=v V5T H O
HE-OMBEAREOMEE > THTE A v Y P —
RNA OFEBHUAARMEL, FiEEHCER 7 ) —= v
sk, AVIRIVEF I Ta—-TIEBEAT ) —
=V IEFH RERL, HLOERIEERI ) —= v T
TELERD Y, TOFER falsepositive D/ n— v %
BOHEINB DLV ALDD. T THERB LA
ik,

(1) 54 VY- rBRORFBOLENR V- HRT
H HIBMESFEMIIED cDNA 54 75 Y —% v 5.

(2) 117 3 /8h o7 5 IRV 7 3 7 BESE
FIB LI OTE&T I VBERLEREEOR LB
bh3aFvyHTHY 3B3mer &5 HEHE A
VAR vAF FTa—7%GR L. 20 33mer @
5 H10HFT A codon usage frequency % A\ THRE
Enfe. A2 )=V TOBRTEIOS H50~60% 1
ELERENAT ) » FEET L5 &EE2RELT
—A D) —= v TEFTo ., BRICI0ONFDS 5
THHETCHELLa RV THoT. ZDXH I strategy
TIRMEEERET O 5 B Factor I cDNA 7 o -
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2V IEIRUDY, £L0 DNA /7 n—=v I TH
HLTED, EbDTEDLHELELLRS.

Lk a-HFI b X—EAELED isoenzyme & L
THI ST HEE#E, a-N-acetylgalactosaminidase
(a—galactosidase B) I02WTE 2 K LD, a-
H77 by ¥—HADRBTHHBIL Fabry B& LT
HbhT 54, Fabry W CRET 510~15% D a-F
T by H—EEHE a7 7 b F—EAD iscenzyme
ThD a-H50 by F—~EBHEDLDEERTLE
a-H 5 7 b H— ¥ BIkE OWROPE T BRI #
HEBEHEMARED, a- 57 by X - EiEkLE-
M, FOREES LTOHEREIZ a-N-acetylgalactosamini-
dase ThH I Lbibh-o T 5181920,

a-HF 2 b F—€AL 49kDa @ subunit »5H i
% homodiner, a-N-acetylgalactosaminidase i} 48 kDa
@ subunit 7 H7% % homodimer & LTHE I TE
b, FEEERM, myoinositol T® inhibition, B
&M, DEAE column chromatography KU hydroxyl-
apatite column chromatography, SP-Sephadex A
FVEAT L 20T N T TT7 4 R RGHER) L ET
ERxh 5 18)19)20)29)44)45)46)

a=H57 b F—EALDWTIRFDLE cDNA 7
0—= v ZRHE IR TV 5 R a-N-acetylgalacto-
saminidase 2\ Tik¥% D molecular cloning k%
EREINTEL Y, SEORENBIOLOTHB.
a~N-acetylgalactosaminidase % 2 — F34 4 cDNA &
LTOFEBL, COS #iltTo#H, SP-Sephadex column
chromatography & & W R S i,

2R cDNA HEBES RS20 T, BREA
BEF| % & AT peD2-HS1204 1 a—N-acetylgalacto-
saminidase EHATR I b ol &b, FOEHMY
BZITWTH S, RT-PCR OMHFHERBE peD2
cDNA 54 75 ) —~TCRIOBARNAEL 70— v
DRERTHHZ AR ERLH, Hela #if, Bk
W AR A & F fo\ peD2-HS1225 @ & f 7t
KBgThbLpmREnt.

a-N-acetylgalactosaminidase ®% / & DNA Of#
HEFET->TORLY, e-HF 2 by F—HADY
/ & DNA OHEHET| %M @i+ 5 & ZofAR
Flodbbfodbrdloosv ekl 7OBER
CHETHZEDNRENDY, - T—oO N &
LTk 2D 4 » v Y v— RNA 2 alternative

F 4 b b agalactosidase A & & b+ a—N-acetylgalactosaminidase
(a-galactosidase B) D FLi18)19)20)29)44)45)48)

a—galactosidase A

a-N-acetylgalactosaminidase
a~galactosidase B

M.W. (subunit) 49kDa

48kDa

structure
substrate
Km
substrate
Km
optimal pH
% of total
a-galactosidase
myoinositol
heat stability
DEAE column
hydroxylapatite
column

SP-Sepahdex column

deficiency

homodimeric
a—galactose
3.4mM

3.8~4.0
80~90%

inhibiting

unstable

pass through

eluated with ImM
phosphate

eluated with 0.5M
NaCl

Fabry’ s disease

homodimeric
a—galactose
20mM
a-N-acetylgalactosamine
1mM
3.9~4.8
10~20%

non-inhibiting

stable

eluated with 0.2M NaCl

eluated with 15mM
phosphate

pass through

Schindler disease

Kanzaki disease
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# 5 a-N-acetylgalactosaminyl #% &ir glycoconjugates 43

Semascture Trivial Name References
i inids: GalNAca(1=3)
Glycosphingolipids: GBI CINACH(193) GalB(1—<)GIeB(1 - 1)Cer A° Type 1 chain 438440
Fuea(l—+2) ¥
GalNAca(1-43) .
GalB(1-+4)GleNACH(1-3) GulB(1=+4)GieB{11)Cer A" Type 2 chain 438440
Fuca(]=2) ¢
GalNAca(1 ~+3)GalNACB(1++3) Gala(1-+4)GalB(1-+4)GleB(1— 1)Cer Forssman antigen 441-444
Mucopolysaccharides: R = B(1~3) Galp(1 ) GleNACH(1 —6) |
. e Il 437
NeuAca(2—3) GalB(1~+3) ,GalNAc{al =) O -Ser/Thr Keratan sulfsie. vpe 37
O - Linked glycopeptides: Galp(1=3)GaNAc(@l =) O -Ser/Th 435, 436
Neusea(2-+6) GalNAc(al—) O -Ser/Thr 436
NewAco(2-3) GalB(1—3)GalNAc(ai-+) O -Ser/Thr 436
Fuca(1-+2)GalB(1-+3) GalNAc(al =) O -Sex/Thr 435, 445
Fuca(i~+2) Galp(1-+4) GieNACB(2—6) |
! 44,
Foca(12) GalB(1—3) 7O VAC(E1=) O -Sex/Tar s
GalB(1-+d) s,
E 12 IG]:NACB[:%) ~ .
uca(l—+2) GalB(13#OUNATE1=) O Ser/Ths SSEA-1 determanant 445
NeuAot(Z—+6)
GalNAca(1-3) | /GalNAc(ul ~) O -Sex/Thr Blaod group A mucin 435
X . Gali1-3)
N - Linked glycopeptides: Fuet(12)
GalNAcR(1-3)
Fuca(1-52) Cub(-4) [GlcNAcB(H3)§ﬂB(x~*4)]“GL:hAcBn—»:)Mmu()—oé) Fuca(l-6)
ManB(1=4)ClcNACB(1 =4)GicNAc Asn Blood group AHi giveopepide 425

Fueai(1-2) GalB(1=34) [GieNACB(1-3)GalB(i —4)] p GIENACB(T ) Mana(i3)

NeaACGaB(1-)GIcNASHI—6) /
[GIEtNACB(I = 3)GalB(1=4)] | GisNAZE( i)

splicing WX > THE U TWATEMENE L LRS,

F¥ID 70bp OFAERFIX L DA LT 5 EML
OE_ OB EEFCESVCHERY L FD, Bl oA
B SOzt 5 CTGGATGCCTAAGGGATGCTG &
VWHEBDE LEFIAZED LN, ZhEEDOBERIT
erythrocyte ankyrin cDNA B\ Th#ME I hTuw
Z) 48).

Z @ a-N-acetylgalactosaminidase (X a~H 5 7 b
A —~HAD isoenzyme & LTHRAER, BH I
BRI S RE L EESRE AR T EME ST
£ 721819200 ¢ fjmk T a-N-acetylgalactosamine
# o glycoconjugate BEILRTWAM (F H),
@ a-N-acetylgalactosaminidase cDNA # A\ 7RI
Fhc LD, EERSVEREREOL LT, BErv s
BEEH, amino acid glycosides D& TOREBEICH L,
a-N-acetylgalactosaminidase &M% me 2 &ML
Mol ot & HIAEREIT endo-a-N-acetylgalacto-
saminidase {EHEH L2 b -1k,

BRI, 0 a-N-acetylgalactosaminidase (a—
galactosidase B) KRIBOFEFIM K4 v EAFio BT
W|ET 2B, HDEC B TRPICKRCHE

MX % amino acid glycosides 2\ T O A
FEEqnk® (B1I1). Zhbo amino acid glycosides
it 068 (o9 v 24 7) ® sialylglucoaminoacid
T#H Y N-acetylgalactosamine A& ¥ LTIk 5 pigE
BTERBCIEESTHS 2 b—2, v 7 ABAHML
LT B, ARERRBECR Ty 7 U & —
FRFLDHETHMD T AV — A BRCITETIIRD
Lh?, ZRnBO amino acid glycosides D4 pLEERE

GP-M1 NeuAca2-3Gnlf1-3GalNAcel-Ser/Thr
GP-D1 NeuAca2-3Galfl1-4GleNAcSl
|
G
NeuhAca2-3Galf1-3GalNAcal-Ser/Thr
GP-D2 NeuAca2
|
[$)
NeuAca2-3Galfl-3GalNAcal-Ser/Thr
GP-D3 NeuAce2
| Pro
6

|
NeuAca2-3Gnlfl1-3GalNAcal-Thr/Thr
|

Pro
BJ11 &t F a—N-acetylgalactosaminidase K
BiEHEt 2 %4 amino acid glycosides
O M 29)
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& a—N-acetylgalactosaminidase J&¥E ORI & DBE
EOWTRAHTH >, SEOWEHTTIO a-N-
acetylgalactosaminidase {3 endo—a—N-acetylgalacto-
saminidase {EHIZRDH SR, YT, HF I b —
AL T N-acetylgalactosaminyl ZHIER TH M
CERLEEFFIUDTaklie LT3 N-acetylgalacto-
saminyl #£% 5T 52 bbbt TOZLER
EERERBERECHED SRS amino acid glycosides
X, \»ich GalNAcal-Ser(Thr) * THMEhizd
O ABERORBIC L 0T hil Ea@ahTiczhd core
ELT, TR HS 2 bR, T ABDBMINT A
ek oERERCATEEAR LTS, EHiloBg
asparatylglycosaminuria®® TLEHE IR TE D, KE
DGF LA TORBMITO ETEBLMREEL B
7.

BEErrebicn, HHEH MM B %L
LEREERCL CRBOBELELEST. F1E
EESE o B Lo BRI < HisLE L
FEd. B, EEAREERP R EE, iR
FHEPMPEBRCR AR EE, WHEFPES, B
FRIE BEAE MR PRSP Pa 8 I BB, HiBEE
Bk @A RTINS, FERBYE, &
TR AR A A Lo R L S, BRI
Bh#E%, BRI KEEET AT T
DS D, HBIEYB 0 E Lo o L2
Wit LFE.

M, APFEOBER, #5 nERARAHERE
¥ (7 AU, 1990), HBISEEREBERKCHES
(BEDR, 1990), S|41El7 2 U H ABHREES (Vv
vFF 4, 1990) B BWTRELL.

2 £ XK
1) Spranger, J. and Wiedemann, H.R.: The

Genetic Mucolipidoses. Diagnosis and Differential
Diagnosis., Humangenetik, 9: 113~139, 1970.

2) Durand, P., Gatti, R., Cavalieri, S., Borrone,
C., Tondeur, M., Michalski, J.C. and Strecker,
M.: Sialidosis (mucolipidosis I). Helv. Pediat.
Acta, 32: 391~400, 1977.

3) Rapin, I., Glodfischer, 8., Kazman, E., Engel,
J. and O’Brien, J.: The Cherry-Red Spot-
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234~242, 1978.

Miyatake, T., Yamada, T., Suzuki, M.,
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Neuronal Storage Disease., FEBS Lett., 97:

257~259, 1979.
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