U — ABCEET PEEAECHET S
o CE L |

HEsEEE, 0 &
- Biochemical Studies on the Glycoprotein of Lysosomal Membranes.
Kenzi AKAZAKI and Hiroshi TsuJl

ABSTRUCT A glycoprotein was purified from rat liver lysosomal membranes.
The ‘purified glycoprotein contained about 39% carbohydrates, and showed highly
acidic isoelectric point (pH=2.7) due to many sialic acid residues. The ‘glycoprotein
designated as MSGP (major sialoglycoprotein in lysosomal membranes) retained
tetrameric structures with 420kDa in its native state, which consist of 107kDa(e« )
and 96kDa( 8) subunit polypeptide. Data of Carbohydrate analyses on MSGP showed
that MSGP has about 15 N-linked oligosaccharide chains of complex type and 7
O-linked oligosaccharide chains per each subunit.

Topography of MSGP in the tritososomal membranes was examined by '*I-labeled
antibodies directed against MSGP and neuraminidase treatment. Antibody binding
sites and susceptibility of MSGP to neuraminidase were enclosed within vesicles
and became accessible only after distruption of tritososmes with osmotic shock,
suggesting that MSGP 1s on the inside surface of lysosomes. |

A kinetic study of MSGP on the biosynthesis and turnover rate was carried out
in rat i vivo using [°Hl-leucine as é metabolic precursor. The incorporated radio-
activity in MSGP was measured after purification of MSGP with immunoaffinity
chromatography. Radioactivity in- MSGP peaked at 3 hours after [*H]-leucine
injection, and later declined slowly with the approximate half life of 33h,.Whi¢h
indicated that MSGP réaches the 1ysoSomes withiri 3h after its synthesis on the

rough endoplasmic reticulumn.
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Fig.1. Diagram illustrating the formation of lysosomes.

The detailed explanation was described in the text and abbreviations used were as the
following: ER; rough endoplasmic reticulumns, GS: Golgi.stacks, CV; coated vesicles,
PV; primary lysospms, HP; heterophagosomes, AP; autophagosomes, HL;
heterolysosomes,ﬂAL;autolyéosomes, SL; secondary lysosomes, PM; plasma membranes,

RB:; residual bodies.
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Fig.2. ‘SDS-Polyacrylamide gel electrophoretic patterns of rat liver lysosomal membranes.

Lysoéc;mal membranes were prepared from rat livers by the method of Ohsumi etal
(19) and then subjected to SDS-polyacrylamide gel! electrophoresis. Gel-A was stained
for proteins with Coomassie blue and gel-B was stained for carbohydrates by perio-

date-Schiff procedure.

VY — ARG FEMN 60,000 55 120,000 ORI EAROEEAED Y FEKRHE
N3, 2hbndd, Bl idns GP-II XU GP-III BV VYV —ABEOFEET
aVE—-XVYbTHB MSGP O T2=9y b TH 5,

2. MSGP D5 & 1E (20)

MSGP LTS v MFLLABRAR LY VvV — AR Y FEEREH (Triton X-100)
THHEL L%, 28D L 7 F v (Concanavalin A & Wheat Germ Agglutinin) %\
T T4 =T 4 IaT N5 T 4 —TCREL, N FaFxv 7,344 + & DEAE-Sepharose
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Fig.3. SDS—polyacryls;mide and pdlyacrylamide gel eléétrophoiretic patterns of MSGP
purified from rat liver lysosomal mémbranes by the method of Ohsumi et al (20).
A: SDS-polyacrylamide gel electrophoresis(SDS-PAGE) .

B: Polyacrylamide gel electrophoresis(PAGE) .

1: Gels were stained for proteins with Coomassie blue.

2 : Gels were stained for carbohydrate by the periodate-Schiff procedure.

Table 1 Biochemical Properties of MSGP

Molecular weight of 2

native form 420,000

Subunit molecular weight ° g zlgg:ggg
Isoelectric point pH=2.7
Carbohydrate contents 38.8%

a

b Determined by gel filtration on Sephacryl S-300.

Determined by SDS-polyacrylamide gel electrophoresis.



MSGP 28Dy 7 2=+ (a, B subunit) MHEA45TE 420,000 OREE[E T
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AL YT ARESREETL ENLERO N-7) 3 FHOBATEE (Fig.4,4) 44
LTWBEHEIhS, 5 N-TeFAHT I b4 I VEREIhZZEMD, 0-7Y
Y FRIOWS (Fig.4B) $8FhTV52Fxbh%, MSGP ORHKEVEEALS
FHREELBREETA VTR (pKa=2.4) X230 Th5,

SA SA Table 2 Carbohydrate Composition of MSGP
a2,3 02,3 Monosaccharide moles/mol glycoprotein
or 6 ¢+ Or 6

Gal Gal Fucose 9
B1l,4 ' R1 , 4  Mannose 176
+ Galactose 151
GlcNAc GlcNAc N-Acetylglucosamine 243
Bl1,2 . B1,2  N-Acetylgalacutosamine 26 -
l l Sialic acid 140
Man Man
al,3 \ / al,6 ' : SA
+GlcNAc Man _ | 02,3 v
81,4 Bl,4
V
- G1cNAc Gal SA
1,4 R1,3 \\/ 02,6
Y
+Fuc G1lcNAc GalNAc
al,6 B l
v :
Asn Ser or Th
(A) ‘ (B)

Fig.4. Structure of a typical complex N-linked oligosaccharide (A) and O-linked
oligosaccharide (B).

Abbreviations used were as the following: SA; sialic acid, Gal; galactose, GlcNAc;
N—aoetylglucosamine, Man;_._mannose, Fuc; fucose, GalNAc; N-acetylgalactosamine,

Asn; asparagine, Ser; serine, Thr; threonine.
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Fig.5. Double immunodiffusion analysis of anti-MSGP antiserum with the purified MSGP
and lysosomal menibrane lysates.
To each well was added as the following; 1, 10 ug of the purified MSGP: 2, 60 ug

of lysosoxﬁél membrane lysates: 3, 40pf of antiserum..

Table 3 Purification of MSGP from rat liver lysosomal membranes with
immunoaffinity chromatography. (43g wet weight liver)

Protein Yield
(mg)  (pg/g of liver) (%)
1.Lysosomal membranes 4.95 115 100
2.Triton X-100 extracts '3.61 84.1 73
3.WGA affinity chromatography 0.88 20.5 18
4.Immunoaffinity chromatography 0.42 9.7 8.6
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CENRTER LD T,

Fig.6. SDS-PAGE of fractions obtained during immunoaffinity chromatography.
Lg'sosomal membranes solubilized with detergénts were subjected to wheat germ
agglntinixi affinity chromatography to enrich glycoproteins. The enriched glycoproteins
vw}ere applied to immunoaffinity chromatography (IAC). Fractions recovered from IAC
were electrophoresed on SDS-polyacrylamide gels.Lanes 1 and 2'showed SDS—gel
electrophoretic patterns of JAC-unbound and IAC-bound fraction réspectively.Gels in-

panél A and B were stained for proteins and carbohydrates respectively.
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Fig.7. Time—course of incorporation of L-["H]-leucine in MSGP. _
At the time indicated, MSGP was purified from livers of 5 rats receiving [*H]-leucine

intraperitoneally. Specific radioactivity is expressed as dpm per mg of protein.
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COEBRBBETH B,



Table 4 Lysosomal Membrane Glycoproteins

. . Subunit Mr ..
Glycoprotein Source (kDa) Characteristic
R it pl=2.7 . N N
MSGP Rat liver : 106(a subnnf ) Each subunit contains 15 N-linked complex
97(8 subunit) type and 7 O-linked sugar chains.
. ~ pK4.3
lgp 120 R'at kidney 120 Contains at least 18 N-linked comple
fibroblast type sugar chains. -
LAMP-1 Mouse embryo 3T3  105~115 LAMP-1 contains about 20 N-linked
LAMP-2 and NaNIH cell 100~110 complex type sugar chains.
Chicken 950 Contains numerous complex type sugar
CvV fibroblast 105 chains.
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