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Gwmi-Gangliosidosis @ Heterogeneity 2B % #45%

Ao
AR R NIRRT (AT PR 8D

Studies on Heterogeneity in Gy;-Gangliosidosis

Koichi KIKUCHI
Department of Pediatrics, Sapporo Medical Collage
(Chief: Prof. T. Nakao)

The activity of Gwumi-S-galactosidase in leukocytes and in lymphoblastoid cell lines transformed by
Epstein-Barr virus, from five patients with reduced f-galactosidase activity and their parents, was
assayed with Gwy-ganglioside tritiated in the terminal galactose. Moreover, an analysis of brain ganglio-
side was performed in two autopsy cases and an affected fetus.

The activity of Gumi-B-galactosidase in leukocytes and lymphoblastoid cells from four cases was pro-
foundly deficient, and their parents were found to be carriers of obligate heterozygotes. Accordingly,
these patients were diagnosed as Gwmi-gangliosidosis.

The activity in leukocytes from a case showed about 6% of the control level and the activity in
lymphoblastoid cells was enhanced to a level of about 70% of the control.

Although his mother showed the levels of carriers in both samples, the levels of his father were
normal. This patient was similar to sialidosis type II with a secondary pS-galactosidase defect on the
clinical and biochemical findings. However, there are several questionable points at present with regard
to the procedures of sialidase assay and further studies into these problems are necessary.

On the analysis of the two cases of gangliosides in the brain affected by Gu-gangliosidosis and the
brain of the affected fetus, it was suggested that the degree of Gag-ganglioside accumulated was not
proportionally related to the level of Gui-f-galactosidase activity and the content of Gui-ganglioside in

the affected fetal brain was similar to the control level.
(Received May 16, 1980 and accepted August 25, 1980)

Table 1 Major clinical features of

1 & B Gin-gangliosidosis
Mucolipidosis DX EM /& B ThH5 Gu-ganglio- Type L Type 11
o . . A ) B - - (infantile) (juvenile)
sidosis %, HHEASLHOBEIVRE & KN 7t & & = e ——
B i o o ge at onset of symptoms Birth 6-20 mo
T, AMEDOEMW XA T Gur-ganglioside » %5, Age at death, -2 yr 3-10 yr
Gwuy-p-galactosidase §HE#HE O KB H W THZ L8 X » Mental/motor retardation + +
THERB. Facial appearance Coarse Normal
& AR - v X-ray change, long bone + —
Bi#E Gwi-gangliosidosis (LI KAEIR & b 2 >0l X-ray change, vertebrae + Mild
SHFINR T3, DOF b HA RN RIE L C 2 Rt Vacuolated lymphocytes + +
-4 % infantile type (type 1) &, FLIBHIH I RIEL Foam cells in bone marrow + o
T 3~10 FRATBIZIET-F % juvenile type (type II) Th Hepatosplenomegaly + -
5 Pl 1 Cherry-red spots 50% —
%Y (Table 1). Seizure e +
LasUTen S, Wi Ofg IKAE Wiz b overlap LT Macrocephaly Rarely =
80, WEOFMEL, hboOFRMCATLS G- Neuronal lipidosis | i +
) R Glomerular epithelial + +
B-galactosidase /K 8 D R EE N R e AEFI b HE X h, ballooning
Gwr-gangliosidosis & DEFAMIE & 75 - T 5D ) Mucopolysaccharic_lu?‘ia + +

EFE1x, 5FF%D f-galactosidase 1 X O Guy-P-galac-
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tosidase YEHEDIL T & A 5 R L0 b o 1l B 3k
ORMEIMERE, KRV v 25kic Epstein-Barr virus
(EBV) % X0 TR b iz U v SEEREEN a4 Bk &
L, AFEBELEBIN X 058 L7z Gw-ganglioside %3k
B E LT, Gw-f-galactosidase 5%, 3 L0 4-meth-
ylunbelliferyl (4 MU)-f-D-galactopyranoside % 4% &
LT, 4 MU-B-galactosidase j&EM:ZHIE L.

¥ 7o Gur-gangliosidosis @ 2 FEG3 X OV 1 if JE Bl
Bobb b F D TR 217 5 % B o T, Fo
BEFRIENE, o> Gui-ganglioside B O&RE, B A O
BIRIC DWW B LR M A TR T 5.

2 HRAREICAE

21 FFRMF

55320 B-galactosidase 35 LY Gm-f-galactosidase
TS T 2R 5 SRERI & 1RSI, B L OZhd ol T
b5 HIES5 FIOEHERE Table 2 wWiRFZEL ThH
%. FEGI Vixh>T Orii et al® 12X b a new type of
mucolipidosis & U TG SWIEFITH S.
2:2 BFRHH

RAEEMmERE, 74 ARESERE AT~ Y IR
Ifii% 10 ml 1 L, $He% bic UCRR T 1 RBGER,
St Utc BB A O L 700X g T 10 Syl L.
2T C, i (A IER) WIRA L Tw B Rk A <
Fodb, FRBAK 3.0 ml iz C 40 R X < B LT 36%
b b Y v a¥E 10ml Jnz T 700X g i GELL,
Ha AR AR T 2 BB LTS i E Bk E 04T %
T —70°C e A L.

Y v SEERRBEILY. Minami et al. DFED it - T
B L. Tichb, RK~0 vk s 2~3 ml £

GM;-gangliosidosis @ heterogeneity =B+ 2 HF%¢ 463

1t L, Ficoll-Conray TV v 3ERk& 4T 5.

DY voREREREERY (streptomycin 100 pg/ml &
penicillin 100 8f7/ml % X 10 20% MBI Y v 24 A 12
RPMI 1640) € 2 @IPEHE L, = ORI AIa% 1.2 x 1068/
ml LB X HICIEES B, KT 0.8 ml iz BI5-8
o EBV o}k 02 ml iz CH#ETS &, BOEUA
) VBRI T VAR — AL, U Vo SEREEANA ST
Ihb. Z0) vAERkEER A 4~5 H4Bi1c subculture
LCOIE, IR ORI A Us.

COXHRLTELRIC) v SRR L L, I
W AP REK T2 %S L, flEE T —70°C TR
Lz

¥ X OFFI3FEH 4 IR AP ERIR L, 287 % © —70°C
THREE L. SRR X O, MREREEZHE L Oy
FIFRE X D, I BIRIE s X O, R
B X AT Lcfale X v
2:3 R F*

2:3:1 JX ganglioside D

BT EME T2 e ie —T0°C I CHlifE RS hicd o
CEHBERTCEE S, M - AR SR ERERD
Bried ox i

NeE ohh oK BE Folch ¥ it - 7o

FTlebb, Mrhkeor4 AL, 19FED 7 v rki
KgAK = (2:1, v/v) BNz C—WEEiRI i E R I
L7z, Suzuki OFED @ CTEEK 5% OKREMNZ, &5
CI0fEABDZ/rahrb a2 827 —0L (1:2, v[v) T2
Bl H D %17 - 7. TR EhORRKEZ Ay, 77 ak
WA 2B, — (21, v/v) LB O I7ZruRLa
MRz .

Zhiwc 0.1 M KCl %ik# 0.2 2 28 B Nz E%% 2 M

Table 2 Clinical manifestations of five cases with the reduced
B- and Gan-B-galactosidases

Case I 1 T v v
Onset (yr)/Sex 6 mo/M lyr 4 mo/M 1yr 6 mo/M 7 mo/M 3 yr/M
Age at death 2yr 9 mo 11 yr 2 mo alive (5 yr) alive (2 yr) alive (24 yr)
Mental retardation severe severe severe severe slight
Abnormal face + — — + +
Bone change severe slight severe severe mild
Vacuolated lymphocytes + + + + +
Hepatosplenomegaly + — — e —
Cherry-red spot 2= — = + He
Seizure tonic-clonic  tonic-clonic  tonic-clonic  tonic-clonic = myoclonus

Consanguinity = + = = +
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SR L7c. ol LBV FEY 005 M KCI
% is pure solvent upper phase, KCl Mi % 4 % 7o\
pure solvent upper phase T2[E[%EV, Jo BfEE &b
BTI makl s, 4£°2C TR EN LHFSTZER LT,
#l ganglioside 4y & L7z,

2:3:2 ganglioside 53EDE &

BN ganglioside [H43it, —EEBD 7 v rskL A
AR =N 2:1, v/v) IR L, Suzuki v Ly —
NPEZEEES T8 N-acetylneuraminic acid (LLF NANA
L) HER L

NANA £ T 20 ug @ ganglioside H4r%, JEX 0.25
mm O silica gel G Merk #) v — b AEy b L,
smruaii A AR —L:26N 7 vE =7 (60:40:9,
viv) T2 7 v= 757 4 —%fT o, HEEE = —F
IR L CADE RS Lic. ootk — V&
[ETECRE, ThZhofyiiz 7 v — P hnEfiL,
INEDEICIR b, silica gel #& AR E ¥ NANA #iEh
Lot

2:3:3 Gui-ganglioside 53 EIDHH

_EEeJiEw € ganglioside 0l &G Licob, 2 — 1
w541 B %, Gu-ganglioside 4y % 7L — b X hh»
EHL, EgEATLAIR= 57 4 =T, JRrRAKRNLA:
AR =K ) v (40:56:12:2, v/v) W TH
Hlte BOREEKLD 7 rehrakflE, £CTFT
e EmNT LGSR LC, Gu-ganglioside Jpfi & L7c.

2:3-4 S3H-Gui-ganglioside D&

KE T Radin et al OFED it -1z

85 h - Gup-ganglioside 50 mgic, F&RRE LT b 7
A Fr735 40 ml, 0.1 M sodium phosphate buffer
(pH 7.0) 4.0 ml & hnx CFHLS EF#%, galactose oxidase
(Sigma #1) 450 Hfr4 inz TR T 3 RefHlfkiE, T OREE
Few BNz C—WERHE L

XHE5RERBO/rrb At AR, —L (2:1, v/v)
BN CHRE L, 2yl Lic. S ElxikE, T
EEiEa ek X O % & ¥ 7t pure solvent upper
phase T\, EDOEBEAHLETEML, 7 rrEkL A
PR\ T 4°C T TR ENT LIRRETZIE L.

B nte Gup-ganglioside (3,
40ml IR L, 788K 1.0 ml % iz 74 3H-sodium
borohydride (New England Nucleur Corp. Boston,
Mass.) 50 mCi %477 0.1 N &Y — £0.33 ml % Jin 2 C
S T iRE L. ¥ 51 10mg @ sodium borohy-
dride #hn% T 2 Bz RERE, 10 N HEeic C 4% 7s sodi-
um borohydride #fZ: U7z,

FEIAAFRrR7IVER VI SEARRED/ AR

FEIend FrRZ2F Y

1

g — ALIRBREE

RN AR =L (2:1,v/v) BI%, Y50 pure solvent
upper phase & 7 EC LI BRIR L, i L -CENT
B A 1T 5 1o

Bt SH-Gui-ganglioside 1%, FFO silica gel G
U= e EBME v~ s 7T 74— CHE R, B
HIBRENT - BUETEE S hure.

WL, SH-Gur-ganglioside o [ 1% #: 13 4500
cpm/nmole TH - 7.

2:3:5 SHOHZI b—ZXANDOHWDAH

SH D7 7 b= ANDE DIABREHTHNB DI LT O
PERAT - 128

SH-Gui-ganglioside O—iZ % 1 N s & & b
S C 100°C 16 IR L. ZRFHERTE, 7 = moko
LA R — b FREEIK (10:10:8, v/v) g L, What-
man SMM % v _— X —rm=<} 23574 [=F1
TeT— bV v BRI K (5:5:1:3, v/v)] &
Tot

HBELUT, FAa—A, HFTIF—R, Frat iy,
HZ 7+ v silver nitrate-NaOH #:ic TR o
#®, Lem FicHil LClitk> vFrv—vavh v v i —
(LK-250, USA) i@l Lic. £OFER, @h v v o
BEMH TV N —AN BF DTN a— AN DA FHT
VAT,

2:3-6 EBEHZFHROER

KEAIMEKR X0 v SEERERE % 4°C o 288 KT
E X3, 30 PO L (cell disrupter 200, Branson
) USRI & Lic.

JFFid 16 s £°C 88K E M2 ChEeS T4 AL, 1
STl AL U 7e b &, 100,000 X g 1 IRefi] MOy (HAZ
SyREFHGE-OBE 65P, HAZ THtL) #o B2 L.

2:3-7 Gum-8-galactosidase ;EHEDAIE

o Gui-5-galactosidase JHEM:IZ Kudoh o FEEY @
Pt 1o

Fichb, BEFRIK0.05ml (K [H & 25~30 pg) & H-
Gui-ganglioside 9 nmole, sodium taurocholate (FIY&hii
3K) 0.5 nmole, 0.1 M NaCl #%{r 0.1 M citrate phos-
phate buffer (pH 4.5) 10 nmole #{E& L, & REY
015 ml & LT 37°C 30 43 1 v/ o ~— b, 100°C 2 43 [
L, 10mM #3527 b —A L0ml % i 2 C G % 1
D

SH-Guy-ganglioside X 0 il 7« SH-#5 7 b — A
1. Dowex 50 W %8 (H' form) 100 mg, Amberlite
CG-4B (OH™ form) 100 mg %N 2 C 1500 X g 20 /5[]
O Lo OGRS & 5l Lic. 2L CEO REiF

0.5m/l iz scintillation count solution ( b /v == > 1,000 m/,
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PPO 4.0 g, POPOP 0.1 g, Triton X-100 500 mZ) 5.0 m/
Iz, Beckman LS-250 {§{k~ v L —2a VH Y v & —
ICHhw vk Lz ok quenting DffiiFlL, automatic
external standard technique = X - 7-.

Ak, Vo SZERR R AT IE Gai-f-galactosidase 1%
HoMlEE, YLz ot F7bb, 3H-Gui-gan-
glioside, sodium taurocholate % #% ~ 3 f25& FH\, %7
BEEWORIR R & LC 100 g BT (o BRI

LREETHS.

2-3-8 p-galactosidase iEEDAIE
B-galactosidase %, 4-methylunbelliferyl (4 MU) sub-
strate (Koch-Light ) &3 L CillE L.

T, 0.1 ml ofFEEKIC 0.1 M citrate phosphate
buffer (pH 4.0) 1 % 7~ L 72 0.5 ml & 0.8 mM 4 MU-§-
D-galactopyranoside %z 37°C604y 41 v o < — } L,
3.0m/ » 0.25M glycine buffer % iz CKIE% 1|8, Wk
L7z 4-methylunbelliferone % H3zZ80650 EH (model
MPE-4) C, )ik 365 mye, BLYE I = 450 myr CifllaE
Lo

2:3-9 Sephadex G-150 [C KB FBEERDT ILER

FEESE W % Sephadex G-150, # 7 4 (1.8X 93 cm) 1o ¥k
ML, 005 M sodium phosphate buffer (pH 7.0) CEAEH!
Lic. 4°CF ol 15 mih, 20 ml ey, BOk
DDT7 57> g IO, AL JEET B-galactosidase
T A JIE LA

e BEABOMEE Lowry O it - o

Wt

3 ¥ s

31 X ganglioside 53#7

Table 3 %, FEGI I, 11 3 XOFKR L ofalR
glioside )41 %, IEF/NEM & DL TR LIch DTH 5.

JEBI L 1%, 7 AMEEE & LT 162%/dry weight T
IEHNRIMOK 4 f5DER & RD B, i 6 1115 0.65%/
dry weight "G 1.5 (22 TH - f-.

Las USEGI L, 11 & 4 ganglioside 432

D4 gan-

— VITFELL

Table 3

Gui-gangliosidosis © heterogeneity =43 % W4
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LTk b, Gui-ganglioside 43 iAs IEHE/NEMGC Hb LT
3L Eodlaw T 1 B BCik, Gui-ganglio-
sidosis EVEIN, XA E b #8 ganglioside Bric k& /rzt
e <, FRECHECITRD S Nlch o T TEF/NE
I & IRIA N T, 35 T ganglioside &AM 30%
B <, %1 Gur-ganglioside 4} B E A, EE/NERM
P 209% EIRIRIRIM D 127% X v %<, e Gus
ganglioside 2Pl DRI &AL 3.6% &% IR W IMo 6.5% 1
L Thmrste.
3:2 p-galactosidase KT Gui-B-galactosidase
EHEICDOT

BRI E LCamEk A M5 &, AR50 g ¥C
Gan-f-galactosidase JEMIZEMAITH - fo. (Fig. 1)

IEWFEROAMER - Y v SRR % A v C Gu-f-
galactosidase @ Km #ifll5g Lick 25, Th£h 1.0x
1074, LIx M Cl3iE—% L. KREFAVDY v
SERRBEMIEO Km 3, 20x10-4M ¢, E#HEZEoLrhE
KE LT » 7. (Fig. 2a-c)

leukocytes( control ) °

|

2.0

Gy relecsed( n moles/mg protein/hr )

1
150

100

protein( ug )

1 Effect of amount of protein
as enzyme source.

Fig.

Activity was linear with increasing enzyme concen-
tration from 25 to 150 #g of leukocyte protein.

Composition of gangliosides in brain

Total NANA

Brain =
(Jo/dry wet.) Gr

Case I 1.62 6.3

Case 11 0.65 49
Control (n=2) 0.41 18.1
Fetus (Family III) 0.37 29.5
Fetal control (n=5) 0.28 20.3

Distribution of NANA (%)

Gov Gpia G GMz Gus
5.3 9.8 73.2 1.7 3.7
6.1 156 65.2 4.7 3.5

11.9 42.6 20.9 3.6 29

14.5 35.0 125 6.5 2.0

11.9 42.3 12,7 6.5 6.3
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L ( n noles/mg proteinshr 171

\

Kme1,0x1074 1

a) leukocytes( control )

% W ¥

( n moles/mg protein/hr i

T

=1

Km =2

n moles/mg protein/hr )
=

5

20

(ol

¢) lymphoblastoid cells

40

Km=1.1x10™" 1

b) lymphoblostoid cells

( control )

FLIREEE

( case V)

L0x107% 1t

40

Fig. 2 Lineweaver-Burk plot for Gm-ganglio-
side hydrolysis in leukocytes and lym-
phoblastoid cells.

a: leukocytes (control), b: lymphoblastoid cells

(control), ¢: lymphoblastoid cells (case V).

The assay was carried out as described in the text,

except that the concentration of Gui-ganglioside

was varied as indicated.

Km values showed only small standard deviation.

20 40
1
— Cmi7d
Table 4 Gun-f-galactosidase activity and 4 MU-B-galacto-
sidase activity in leukocytes
a) Gu-B-galactosidase activity
Family I 1 1 v AY
Patient N.S: N.S. 0.5 0 2.0
(1.5) (0) (6.0)
Father 17.0 26.0 16.4 26.4 35.1
(50.7) (77:6) (50.0) (78.8) (104.8)
Mother 16.7 20.9 17.9 14.8 233
(49.9) (62.4) (53.4) (49.2) (69.6)
control (n=10) mean 33.5 range 24.6-53.9
b) 4MU-B-galactosidase activity
Family T 1T T v v
Patient N. S. 0 6.3 3.3 9.3
(4.9) (4.0) 21) (6.0)
Father 64.6 94.6 73.4 83.0 105.2
(41.4) (60.6) (47.0) (53.1) (67.3)
Mother 79.4 87.5 70.9 46.7 32.8
(50.8) (56.0) (45.4) (29.9) (53.0)
control (n=10) mean 156.2 range 120-265

Activities are expressed as nanomoles per mg protein per hour.
The figures in parenthesis indicate percent of the mean activity in the control.

N. S., not studied.
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Table 5

activity in lymphoblastoid cells

a) Gwmi-B-galactosidase activity

Gu-gengliosidosis @ heterogeneity B4 % #F ¢

Gan-f-galactosidase activity and 4 MU-$-galactosidase

467

Family T I T v v
Patient N.S. 0.48 0.74 0 11,2
(3.0) (4.6) 0) (68.3)
Father N. S 5.0 Tl 5.8 10.9
(30.5) (47.0) (35.4) (66.5)
Mother N. S. 6.4 8.2 10.9 129
(39.0) (50.0) (66.5) (77.4)
control (n=7) mean 16.1 range 12.9-19.4
b) 4 MU-B-galactosidase activity
Family 4 1T i v v
Patient N. S. 1.1 1.0 N. S. 30
(1.4) (1.3) (38.0)
Father N. 8. 43 32 N. S. 93
(54.4) (40.1) (117.6)
Mother N. S. 29 47 N. S. 68
(36.7) (69.7) (86.1)
control (n=20) mean 79 range 46-109

Activities are expressed as nanomoles per mg protein per hour.
The figures in parenthesis indicate percent of the mean activity in the control.

N. S, not studied.

Table 6 Gin-f-galactosidase activity in liver

Case I 02 (0.1)
Case I 0.48 (0.2)

Control (n=5) 220

range 150-310
Fetus (Family III) 1.37 (1.1)
Control (n=5) 126

range 60-176

Activities are expressed as nanomoles per mg
protein per hour.

The figures in parenthesis indicate percent of the
mean activity in the control.

AREIME D, S-galactosidase ¥ L O GM;-f-galacto-
sidase &ML (Table 4a, b), K% I~1V CHRIRIIIEEE
SEYHED 5% T TH b, Wigl, BREELIEFHEFSED
b DR R UIRRZE EE 2 b hie. B Vi, thith
DIEFIEHZEFHHED 6% Th b, * g RNE o
wRLIc. Lo Ui bR P f-galactosidase (ZffEHRFEH
D% 75 Uiz, GM;-S-galactosidase % IE # D B % 71°
L&,

Y R IERREE M o Gu-18-galactosidase 1% (Table
5a), 5% 10, 111, IV ©, BRI 5% LUT, MBI RAERE
%R LT 5.

JEFI V12, 68% & EFH LTW52%, MBI EREEER R
LT Wi

B-galactosidase % (Table 5b), %% 11, III <, BIE
2% LT, WBIEAEEHER R L TS0, 5K5% V Tk
BRI 88% L EA L, MBEHIEREZR LT

JFo Gui-B-galactosidase &1 (Table 6), B IR &
Gwi-gangliosidosis Jig il & & IEFEHED # 1% LLF
TH oo
3-3 KFD B-galactosidase DJ ILiEE

85— (DT (Fig. 3a-c)

E#FITIL f-galactosidase 11320 Peak (I, I, III)
oy, Peak L, ITic kL C I 3012 0@ & TH
ST,

REGIL Tk, TEH-4— Vit LT &g Peak I 35X
O LI 2338 B 5 25, FEBGI 1T Tk Perk 111 o & T
Peak I, IT 1338 B ied - 1z
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a) control
60 [ i
-
5
E
55
P
o
S
Ty
=]
<Pl
@
8
£ i
2
0
—0-0-0-C& S
60 120 180
Elution Volume( ml )
. c) case II
S 2|
£ i
P
L
S
=
5
=1
@
@
j=3
&
= T
2
=
60 120 180
Elution Volume( ml )
4 E #
41 Gu-ganglioside DEFE E Gui-g-galactosidase &
EDRR

Ganglioside DfGH L HIETH B Gumi-gangliosidosis
DIED THE ShicDiL, 195945 CHh b1, Gap-ganglio-
sidosis (Tay-Sachs J&) 23 1881 sRIC I ic L X -0 o
CHELT, DWREDZ & TH5.

FoHOPRIC L, FEFL Q% Gui-ganglioside
DEE®), Gi-p-galactosidase & f-galactosidase DK
HERFER SR, BIIEFRERNC X 5 HARTRZEY 17
TebhTnb.

H7E Ga-gangliosidosis 11 K fiC 2 DIz 5045 X
NTED, ZOWMHEL, FEEEFEH - cherry-red spots OFF
A - Hurler JEFEREZ B 5 B OA L - FFED 45 46
B IOEEEOBE X h KX T, UL LIER
type DR A Lo BHREEC, WEORBEL Zh T
BIEGID H 5.

§ o

= FLBEIE R

L by case 1

=

£ 10 |-

>

3

S

o

@

@

<)

@

T

&

=2 A

=

1
60 120 180

Elution Yolume( ml

Fig. 3 Gel filtration patterns of liver
4 MU-$-galactosidase.

a: control, b: case I, c¢: case II.
The enzyme sourse was applied to a Sephadex
G-150 column (1.8 X 93 ¢m) and eluted with 50 mM
sodium phosphate buffer (pH 7.0).
Fractions of 2.0 m/ were collected at a flow rate
of 15 m//hr. Activity was assayed according to
the method described in the text.

—7J7, type 1 & 11 OFERFEMEL R LS L LT,
B-galactosidase DT EHE, # TR R IKEE X O Se-
phadex ® 7 AYFHIC X % isoenzyme 43710 25345 R
TBA%, BIfED & Z A type M ORRESAIAREC O
T, —HURMBEELhThiu.

F7c, IMickid B ganglioside @ FH oW\ Cik, i
type & SIMKE B ganglioside ® 70% L) 2 Gy
ThHBHO ZLSbhoted’, Tl type HOEFOEE 2
WIS RiL- & D LT,

X B B-galactosidase KIBD 79, IMLPFIC keratan
like substance WHLl LicH T 7 b — A& e[ <,
HI 7 =AkEGiA ) TREOEEIRE I T B3,
ZDORITERIC X h Big b X 5 THHW.

EEOFEGIC BT, JEFIL & IV ZERM, cherry-
red spots HERITIE type I & T oA w B+5 &8
b, FIGERIT & A 2bcE b 5 2L L C
b, BRI type IL g4 & Bbhs.

BERSFANCRERS I~1V iy, REEAIMmER - v v S 2Rk ¥R
fMa et Gup-f-galactosidase ¥ LY 4 MU-B-galacto-
sidase VEIEFEFEHED 5% LFCH D, Fi Bl o
MmO TR RAFEOEER R L, KRM TR RIL
zTleh ol

Sephadex G-150 %L y& i X BT f-galactosidase
¥k < 2 — v, IEH O Peak (1, 11, IIL) w4, Peak
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I, IT o3& pH %1 P JlicFf b, Gan-ganglioside %4y
g3 5. —7J7 Peak IIL ix/hdkflcZE pH 5 h, 5
7y —=AEEAIHEER ALY ST 5, Gu-ganglioside
TR LT 9.

HEIIL Cix, fEP] L e 5/ g Peak 1 235380 5
nigh -1z

POTHED Orii e al® (3, RS X0 f-gal-
actosidase @ Sephadex G-150 O # LS % — v X b,
Wk type [l % 2A L 2B e TG Lic. Thic
Lichdd &, JEGI I ik type 2 A, FEG 1L X7 A8 - &
—vXIbtype2B BT B R UES I iz 11EEC
L, (R T B I A & 12 % 22N RE T
FEFITH - e

* 7= OREFIONN ganglioside 4 & 1%, Orii et al. M
type 2B & L CHRE LcB'® 045% L hIRECH b,
EHOMET AT VIHEThH o fe LHEE SIS

L Liehs s, Gay-B-galactosidase 38 X 08 f-galacto-
sidase {fG#Eik, fMOEFRERIBEL TR D, BRXED
2 & Gag-ganglioside #EREOBER 1T, BRI
TRWEBID BB & & D3R St

AR DA CLd, SEBIN CLRIE# /NI b L T8 gan-
glioside |2, F72 Gay & Gup D59 5 4G 233f0E
LCs b BBREE

Gui-gangliosidosis JBRIMTIE, # ganglioside &,
Gy 20 B 2SR & st 7euvn 2 & L b, Tay-Sachs 5
LT ET 01O RIBIIIFA A BT, AR BR
ThHC ENHEE S
42 Gui-gangliosidosis @ variants [CD(\T

Gmi-gangliosidosis & #Z W Shiciehcit, type [ 5
O type 11 oFBI M 53w, 2> B-galactosidase
KIRDRED I D W O DEFIHE S h T 5.

S BHICE fe, f-galactosidase KIBHFE S 43, Fl0iEE
T AP S i & h, type 11120), type IV, adult fS-gal-
actosidase deficiency?? 7x & & HHE T 5.

zhb oflikEr, B-galactosidase % #: DM @ X b
BETSh T2, BEEERPEC R L, FHWHE
DFFAPRENCLECTH B, L LI s A EDHID L
LTk D, Suzuki ez al?® OFOZEWZ T 525, N
BT 5 Gu-ganglioside DR LERITED BT,
JiF ¢ amylopectin like polysacchride OFEFEM D H I
fo. R h b ofEFIoR, Gui-ganglioside 73 %F5 L
TWBIEGIS B SR T BETE IR\

— DR V ik, FIER2E T &, anfEkEEs:
W e & &, B XSS TR ACEL T b 2
EleE X, FEGI I~IV &3 S 2 fEIRPT R e 5.

Gui-gangliosidosis @ heterogeneity 12344 % WF 48 469

ABIOXEAIMERD, Gui-f-galactosidase & S-galacto-
sidase JEHEITET LTS 2MBORER X v iE <, & 7l
TR BlD Gu-f-galactosidase JEVELIAMT, £ H ZE
TR LT e

Watanabe and Minami®®) (¥, V v *ZEEREEMIA T
Sephadex G-150 @ # /L gl & kA tend, 1EH Tit Peak
I & 1L wwiyrh, Gui-gangliosidosis Tl Peak I 23&k7% L
T T OSEHITIE Peak 1 % i2hy> Ga-ganglio
sidosis & [AlkEIC, /N&7¢ Peak 11 2MEHE L CWie. —f
FEBLD -2 2 — i, Mo RAF R Peak 11 2MET LT
Wiehy, RBUIIEF L Uiz S 4 — v R Lick R 25
Tw5b. %7 Orii et al® 13, - OEGO LT O B-
galactosidase JEPEMIEHR D 21.8~29.6% L{ET L, X6
iC Sephadex G-150 @ # L& T, Peak II /&7,
Peak III ik X7 P-galactosidase {{p:& R, kD
type I, I &i3#E 5 2% — v X b adult variants of G-
gangliosidosis & L CHRE LT\ 5.

—JiARBL, galactose containing glycopeptide 12k
L€ Gui-ganglioside 1cifi\  EBE4EM: 2R L, 15 M EA
6% b & B T R R LLIEHRE B DI 5% 7R LT
bEL #E 2 b, OBriend | X » unusual B-galacto-
sidase variants &fiX i,

Suzuki et al?) %, K D type WHKE L 6 Bl
ABBIA 3 DIy L, MERCES V 8 T4 % Tl
SHICHEEII G S ORI H TIrDd BRI EHRE LT
W5,

Fhic kb E group 1 1 adult 3-galactosidase defi-
ciency &FRL, B-galactosidase KB kM ZALTH
D, M CRFABRORFILRD b RT, WHHRER L
HIBBI O TL, Gur-ganglioside DEFERLILIRD S igh
st EBEOFEFI VX, o group L ikpEh T 5.

group 1T %, BERFACIL group 1 LRIEETCH B3,
group 1 KDL NEH— T4 LEEBHR B L O cherry-
red spots D7c\ D & L, group III % Gu-ganglio-
sidosis ® adult type & L. %D, group III o Hik
BlOFEHEZEM A e UC-# 5 7 b — A D ganglioside
45~ D LD A B FEE T, Gy 45 B~ N &3 T
\/\Z)ZS)-

TlT, Refa At O BF4E X b, B-galactosidase DE{ET
FEDS, Hefafk3 & 22FICH B Z ENHL T 5T
—7Jj Gu-gangliosidosis type I, 11 ¥ X O » f-gal-
actosidase {& TIE OREHESEAINA % FIH L7z complementa-
tion study X v, 2 20 {s T Eirksn kD p-galacto-
sidase O &G AT &, modification factor THAZ &
TR MG ERTWE. Z LT, MG TR
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B B —group A (type I, Il 8 X' —{ ® vari-
ants), modification factor RN H HYH—group B
(type I1I, IV 3 X O variants) & 5534 5K 2
HEIh 520,

4-3 Sialidosis &fEB V DBIER

1976 4%, Thomas et al.2®) |¥, mucolipidosis Il (I-cell
W) HBEoEIEM e o 7 VRO B R AR, KE L
LTC fetuin A\ % &, sialidase {E#ENZES L LK
G L

Z %, mucolipidosis 129, 1II30), TV3D = -5~ T, si-
alidase KIFICHES < o 7 VBRI 2 RE T % | &0
fmEh, SHIEAV SRR CHBLTWv%, cherry-
red spots & myoclonus Zff\ > f-galactosidase & T %
R TCh sialidase ZKIPFRDDH LA E S h T
5%

1978 4%, Strecker and Michalski®® (31 hbuw F &
C sialidosis & LCHM 1.

L U Tcell JHIC B L Clliirsdic X - GV ADH D
S s SRR 12 X B &, T-cell 5RO~ 7 VNS B
VIEEFZ L Ceniin 2 fERETH D, F1MHED
Minami et al3® ¥ X % Suzuki et al.® O L 5 &,
T-cell DI & FF T, sialidase [ZIREE DT Laikd b
T, B T-cell JEfEMEEMIAIC influenza virus & &
B X e ERTHY, —kiyig sialidase KIUTEERC
H5.

1979 4%, Lowden and O’Brien® %, mucolipidosis I1
(I-cell 3%), L1 LIsko> sialidase KAH&FEW Shicil &, A
“>C O’BrienV) 1€ ) » unusual $-galactosidase variants
E LA S hic#iBe sialidosis & LCHERLL, 5254k
OFMET type I & L, SHEFELrBDD
type II % infantile type & juvenile type {44 L 7.

SEGIV &9, baE T  #iE S h ke cherry-red
spots & myoclonus £\ f-galactosidase {I&TF & 7”3
YERLL, type 11 @ juvenile type & CTw5. L
2y UIEGIV EFGIRPT RL¥s XL OY f-galactosidase {EHEDIEH
WCHHEL LT\ % Yamamoto et al. OFEFIP 1%, WiBlo[
Bk B-galactosidase PMERFEERX/RLCBZE XD,
variant S-galactosidase deficiency & L T4 X T
B EHHE,ESV 0V v SF R R X O A MR E A
T, a-D-N-Acetylneuraminosyl (2—3) lactose, a—L-
N-Acetylneuraminosyl (2—>6) lactose * #/H & L €,
sialidase ZJE Lic & 2 5, 20~50% KT LCu e O
FFRT — #) FFHEGIORIRRAEMIa OB R % Colo-
rado REFIIKIE LIk R, v 7ABERIEFETHY,
S5 FENHDFE % T sialidase G HAH & Lick & 5,

e —_—
=]

LGk

AT 5 o GEME T T5 7 — 2038 b h e
(Dr. Wenger, personal communication).

¥ 12, sialidase KIBRE & U TS S Miyake et al.
DR CLL, ERAERLITC 35\ C, nonlipid 7o > 7
ABEEITIEREE LEVC TV ERESh TV,

—7, Suzuki and Fukuoka3® ¥, Lowden and O’Bri-
en I X b sialidosis type 11 i3 & M IEFIDNN EFC
1%, sialidase (XIFHTH-7c L& L sialidosis DB 5
b DIE KT sialidase K T2V ERE LT 5.

CO XS IREET X BEGOFINE LT, sialidase il
TEB I L O HTRRIOB B BB,

sialidase 1, —MICBEFAEMEEGIMEL, 74V /=24
t: sialidase [ ZIFHICARLETHSH 2 &, IKEAT S 7 Y
K — R NRMEIERSE CH 0 T LIRERREETH D = &
e &, BRI oD b E oW ES TS CHB I SR T
T\ 400,

EHICAE TORETIL, 13 & A ED BRI A
BRI E LTRCTR D, SR oK, r) 7
VAL, BUERMTR S X OV IR B e K o BES, siali-
dase JEMEIC/CA B BA I o E WS 1T 7c &
Bbhs.

BEDOT — 2B, FEHV D Gui-f-galactosidase
RIS A IMERICIE LT, Y v S3Eskigia il
EHLTEY, MOEFICITRDEREVHETH -
R - & b L7guwpy, Hurler-Hunter §E 8 c, %
WTaT =2 ViR ~) 5 VB2, B-galacto-
sidase {EPEEINHIT 2 2 & <D, I OERHWEN f-gal-
actosidase & Gwmy-p-galactosidase JHE#EZ NG L, ks
THZ LR LS TR EN TS LR LicdHEs
5.

TOENPS S, FER VIiZ—& B e S-galactosidase &
HTlend Lhig.

Lo L7shsh, sialidosis OEAILHIE Lc S &<,
HIREREE DA ks X OVEA b 7e £ o B IKEE IR o 24 8, 8-
galactosidase {& F DA, KL T3 sialidase Dl
EHM LGB OIS ST, ¥ A
RN - T 5.

B-galactosidase KIBfE WL, SE2 KB THhH 5 Gui-
gangliosidosis &, 7 KIETH B Krabbe 52 s Lo
lactosylceramidosis®® 23 % % X 51, ganglioside @
7 AT 5 sialidase &, A4 ) DRk X OREEH O
o 7 AR EEET B sialidase DNEET B I TH Y,
sialidase DSEL/KIE & RIBD sialidosis ith b &
HEIN, ZoRMLLIIRRETAILEN DS Db
ha.
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5 & £

5% %0 B-galactosidase JEHIK F oL 5 BER L O %
oo oRMAIMmEK &, Epstein-Barr virus iz X b +
FYAT g — A &R VAFREEM I CoWT, G-
ganglioside % #H & LT Gm-f-galactosidase % I &
Lides

X5 Ltz Gai-gangliosidosis @ 23E & 1A 2

BIDOR% ganglioside %447 L, LLTFOfFEREE .
5:1 4FEFITIE, KMEIMmERS L0V v ZEERERM G o
Guy-B-galactosidase (Z/KIE L, Zh s OWH L HERZEE
wR LTz L X b, Gur-gangliosidosis & #Z Wl X hvie.
5.2 1JEFNE, KREImEk® Gu-p-galactosidase fiH i%
EHHED 6% Thotoid, V) v SEREEM TN 70% &
R U BEBIEARRE A MRS KOV v SERRbEHI
» Gu-P-galactosidase §F Mixff N Ex R Lichs, &
BRIk CIERER R L.

AIE WL — k9w B-galactosidase 2ME T35 siali-

dosis type IT Wl LT\ %23, Blfe sialidosis OZMHr
OIRHLE 75 % sialidase OEEICIE <« ORISR H D,
SHOMRIMHEEE S,
5:3 H# L7 Gui-gangliosidosis @ 2EG) 8 T OV 1 JiA
WOl ELF IR & v, Ga-Pf-galactosidase 3 #: & %
» Gu-ganglioside DEFHICITHIBIBIFRD 2o\ iE Fil03 B
5 &, Fi Gup-gangliosidosis OREREIDNM gangli-
oside HfIT, EH LG EAELL VL, EBERT S
& TR & hie.

KX oBEE W, 19784211 B, # 21 E/NBAHIIsE S
() kWL TREL K.

Fix#z sicdich, v v SFEERBEMTLOH L H IR
Wi W EE T R, ERk X OEmSUER KL,
HEE e & ¥ Lk, THEFR-L, BE AT
fa L. &7,
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