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Carbohydrates were characterized in the human placental @;-macroglobulin receptor and its asseciated protein. Carbohydrates, largely N-linked,

contributed to about 18% of the size of the recepior @-chain and 10 about 25% of the -chain, The 40 kDa receptor-associated protein also containad

carbohydrate. The - and f-chains contained a wide variety of carbohydrates as judged by bindiny of lectins. Monosacturide-compel.ng inhibition
of a;M-methylamine binding by WGA suggested a functional significance of sugars in binding of ligands to the a-chain.

a,-Macroglobulin receptor; Low density lipoprotein recepror-related protein; Glycosylation; Lectin

1. INTRODUCTION

The a,-macroglobulin receptor (@,MR) [1-3], identi-
cal with the low density lipoprotein receptor-related
protein (LRP) [4,5], is a glycoprotein with an approxi-
mately 300 kDa ligand binding a-chain and a 85 kDa
membrane spanning §-chain [4-7]. This multifunctional
receptor binds a,M-proteinase complexes and a,M-
methylamine [7], and B-migrating very low density lipo-
protein activated by enrichment with apolipoprotein E
[8]. Mareover, it binds a 40 kDa [1,5,7] or 39 kDa [3,4,8]
@, MR-associated protein (2, MRAP) copurifying with
the receptor when using a;M-methylamine affinity
chromatography [1,3]. @,MRAP modulates binding
of a,M-proteinase complexes [7] as well as lipopro-
teins [8].

a;MR is synthesized as single chain precursor con-
taining high mannose N-linked carbohydrates sensitive
to Endo-B-N-acetylglucosaminidase H (Endo-H). In
cultured cells, cleavage to the two chain form occurs at
about the same time that the carbohydrates are con-
verted to the endo H-resistant form [6). The mature
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a-MR contains terminal sialic acid in both chains [6],
and the a-chain contains about 150 glucosamine resi-
dues per molecule [9).

The purpoese of the present report was to further char-
acterize the carbohydrates of the affinity purified
human placental a,MR preparation and their possible
significance for binding of @,M-proteinase and
a;:MRAP.

2. MATERIALS AND METHODS

2.1. Reagents

Lectins - native, biotinylated and horseradish peroxidase eenju-
gated ~ were from Sigma (USA) [Canavalia ensiformis (Cona), Tri-
ticum vulgaris {(WGA), Arachis hypogaea (PNA), Lens culinaris
(LCA), Erythrina erisia galli (ECG), Bandeiraea simplicifolia-1 (BS-
1), Boehringer Mannheim (Germany) [Galanthus nivalis (GNA),
Sambucus nigra (SNA), Maackia amurensis (MAA)], Pharmavit
(Copenhagen, Denmark) [Amarantus caudatus agglutinin (ACA)] and
United States Biochemizcals (USA) {Vicia villosa (YVYA)). The Glyean
detection kit, arthrobacter ureafaciens neuraminidase (EC 3.2.1.18),
peptide-N-glycosidase F (PNGase-F) (EC 3.2.2.18), endo-g-N-ace-
tylgalactosaminidase (O-glycanase) (EC 3.2.1.87) and Endo-}-V-ace-
tylglucosaminidase H (Endo-H) (EC 3.2.1.95} were from Boehringet
Mannheim.

Human &,M was prepared [10}, madg receptor-active by incubation
with methylamine [1] and jodinated [11}. The human placental e, ME
preparation (containing 2 MRAP) was produced from detergent solu-
bilized third trimester placental membranes by affinity chromalogra-
phy using Sepharose-immobilized a;M-methylamine [L]. Two chain
a,MR wus prepared from the @;MR preparation by heparin-Sepha-
rose (Pharmacia, Sweden) chromatography, which removes G;MRAP
[7]. 3:MRAP was purified from Mono-S (Pharmacia) calion exchange
chromatography of the a,MR preparaiion and iedinated «sing chlo-
ramine-T {7].

2.2, Glycosidase treatment

Purified @;MR preparation (2-20 ug) in 10 ul 1% SDS was heated
to 95°C for 3 min, diluted with 90 g1 20 mM NaH,PQ,, pH 7.2, 10
mM EDTA, 10 mM Na-agide, 0.5% Nenidet P40, reheated and fi-
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nally incubated with glycosidases for 18 h a1 37°C using enzyme
<oncentralions of 0.2 U/ml (neuraminidase), 4 U/ml (PNGase-F), i6
mU/ml (Endo-H) and 10 mU/ml (O-glycanuase). The incubations were
terminated by heating in 2% SDS-Laemmli sample bufler containing
20 mM dithicerythritol [12).

2.3, Electrophoresis and electrobioriing

Native or glycosidase-lreated 2,MR preparation was resolved by
4-16% or 8-16% gradient SDS-PAGE [l] and eleciroblotted onto
pelyvinylidene diflucride membranes (Immobilon-P) from Millipore
(USAYat 200 mA for 2 h in 25 mM Tris, 192 mM glycine, pH 8.50.
The membrane was blocked by a 2 h incubation at room temperature
in 140 mM NaCl, 10 mM NaH,PQ,, 1% Tween-20, pH 7.40. Molecu-
lar weight markers (Sigma, USA): 180 kDa, «,M; 116 kDa, S-galuclo-
sidase; 34 kDa, (ructose-5-phosphate kinase; 58 kDa, pyruvate kinase;
48,5 kDa, fumarase; 36.5 kDa lactic dehydrogenase and 26.6 kDa,
triose-phosphale isomerase. Glycans were detecled by an enzyme im-
munodassay after oxidation of adjacent hydroxyl groups in supars,
followed by covalent binding of spacer-linked dipoxigenin according
to the manufacturer {Boehringer Mannheim), Immunostaining was
performed using a rabbit anti-,MR serum (1:1500) that binds to the
a:MR z-chain, S-¢hain and the 2, MRAP [7], and horseradish perox-
idase-2onjugated poreine anti-rabbit 1eG. Lectin binding to electro-
blojted & MR was performed wilh approximately 50 gg/ml of the
peroxidase-conjugated lectins WGA, PWM, DSA, Cona, LCA,PNA,
ACA, ECG, BS-1, YVA or the biotinylated lecting GINA, MAA, SNA,
and reacted with horseradish peroxidase-conjugaled streplavidin
{Amersham, UK}

24. Effect of lecting on binding of ligands to @M R

The buffer contained 140 mM NaCl, 2 mM CaCls, | mM MgCl,,
10 mM HEPES, pH 7.8 Two chain &,MR was immobilized on nitro=
cellulose dises [9] and incubated in 200 gl buffer in the absence or
presence of unconjugated lectins at 4°C for 4 h. The discs were washed
in 3%1 mi buffer to remove excess lectin, followed by incubation with
labeled ligand (10,000 cpmyv/ml) for 16 h at 4°C in bufter supplemented
with 195 bovine serum atbumin,

3. RESULTS

Fig. !,1lanes | vs. 2 confirm that both chains of ;MR
contain carbohydrates, and show for the first time that
@, MRAP is a glycoproiein. Lanes 3 vs 4 show that
terminal sialic acid contributes to about 20 kDa of the
a-chain and 5 kDa of the f-chain, whereas neuram-
inidase had no detectable effect on the mobility of
%MRAP. Lanes 3 vs. 5 demonstrate that PNGase-F,
capable of cleaving high mannose as well as hybrid and
complex N.linked glycans, reduced the a-chain by 90
kDa and the S-chain by about 20 kDa. The effect of
PNGase-F treatment on the S-chain is further demon-
strated in lanes 3a vs, 5a. The fast migrating f-chain
band in the non-treated g,MR preparation (lane 3a),
previously noted in [5], might represent a non-glycosyl-
ated species since PNGase-F treatment converted all the
f-chain immunoreactivity to this band (lane 5a). This
treatment also caused a small reduction (about 2.5 kDa)
in the apparent size of ®.MRAP (lanes 3a vs. 5a).

Fig. 1, lanes 6 vs. 7 show that Endo-H, capable of
cleaving high mannose N-linked glycans not possessing
terminal sialic acid, did cause a reduction in the size of
the f-chain. A similar minor effect was seen with the
x~=chain {not shown). No significant reduction in size of
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Fig. 1. Carbohydrate analysis of the a.MR preparation. Native or
glycosidase treated o;MR preparation (about 0.5 ug) was resolved by
SDS gradient PAGE under reducing conditions 4-16% poly-
acrylamide, lanes 1-5, 8, 9; 8-16% polyacrylamide. lanes 3a, 5a, 6, 7),
¢lectroblolied and analysed by glycan deteciion {lane 1), immunode-
tection using rabbit antj-a,MR serum (lanes 3-7} and PNA binding
(lanes 8 and 9), Lane 2 shows non-glycosylaied E. coff creatinase (3
48) as a negalive control for glycan detection. Deglycosylation prior
to the electrophoresis was performed with neuraminidase (lane 4),
PNGase F (lanes 5, 5a) or Endo-H (lane 7) with the non-treated
controls in lanes 3, 3a and 6. The binding of peroxidase-conjugated
PNA shown in lanes 8 and 9 was performed on electrobiotied raceptor
treatee on the Immobilon-P membrane with neuraminidase (lane 8)
or neureminidase plus (G-glycanase (lane %), The pesitions of the
a-chain (open triangle), the f-chain (arrowhead) and the . MRAP
{bar) are indicated.

either chain was observed after treatment with O-glyca-
nase (data not shown). However, binding of PNA, par-
ticularly to the f-chain, was reduced following treat-
ment with neuraminidase plus O-glycanase (lane 9) as
compared with neuraminidase alone (lane 8). No PNA
binding sites were exposed on either of the receptor
chains without neuraminidase treatment (not shown).
After removal of sialic acid, PNA binds preferentially
to the core disaccharide in mucin-type O-linked glycans
[13]. Both a- and S-chains may therefore contain small
amounts of O-linked carbohydrates.

Table I displays the binding of a series of lectins to
the components of the receptar preparation. The §-
chain bound all lectins suggesting a broad spectrum of
glycans, Both chains bound GNA confirming the pres-
ence of high mannose glycans. ACA did not bind to the
a-chain suggesting the absence of a-anomeric Galg(1-
3GalNAc [14]. A further characterization of the carbo-
hydrate structures was attempted by testing a panel of
monoclonal antibodies raised against lacto-series car-
bohydrate structures (Lewis antigens types a, b, X, y)
[15]. However, none of the monoclonals bound to the
o.MR - or S-chain or to a:MRAP. WGA and ConA
bound to o, MRAP (Table I} confirming its glycopro-
1ein nature.

We next asked the question whether the carbohydrate
chains might modulate ligand binding. We were unable
to obtain reliable data from experiments designed to
remove the carbohydrates since the necessary incuba-
tions at 37°C caused marked reductions in ligand bind-
ing even in the absence of cnizyme (not shown). Fig. 2,
upper panel, shows that WGA inhibited binding of
& M-methylamine to two chain a,MR by about 30% in
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a N-acetylglucosamine (and N-acetylgalactosamine, not
shown) competing way. Glucose, galactose and «-
methyl-mannoside did not prevent the inhibitory effect
of WGA (not shown). The effect was caused by WGA.
binding to the receptor since free lectin was remwed
before the addition of labeled a,M-methylamiae. Fig.
2, lower panel, shows that WGA inhibited the binding
of 2:MRAP by about 40% in a monosaccharide com-
petable way. None of the other lectins displayed in
Table I showed significant inhibitions as exemnplified in
Fig. 2 for SNA and LCA, but ConA caused a doubling
of o, M-methylamine binding (not shown}.

4. DISCUSSION

The present results show that a wide variety of gly-
cans coniribute to about 25% of the size of the f-chain.
The contribution of about 183% in the a-chain is in
agreement with previous estimaies based on the content
of glucosamine [9]. We show for the first time that
a,MRAP is N-glycosylated, probably at Asn** which
is the only potential N-glycosylation site [16].

The potentiating effect of ConA on a,M-methylam-
ine binding is most likely related to its tetravalency and
agglutinating properties since ConA binds both to
e, MR and to a,M (unpublished observation) and since
LCA with similar specificities [17] had no effect. WGA,
here reported to inhibit &, M-methylamine binding, has
previously been abserved to inhibit binding of platelet
derived growth factor (18], insulin [19] and basic fibro-

Table I
Lectin binding 10 22MR a-chain, §-chain and a2MRAP

Curbohydrate specificiy® g-chain  a-chain 2, MRAP

WGA GleNAgH(1-4),

PWM  (GleNach(1-4)GlcNAg),
D5A  (GleNAeS(1-4)GleNAc),
ConA oMun > aGle

LCA aMan > aGle > ¢GleNAc
GNA  Mana (1-3 > 6 > 2)Man
PNA  Galf(1-3)GalNAc

ACA  (Galf{l-3)GalNAc

ECG  Gulf(1-4)QlcNAc

BS-1 aGal, aGalNAC

YVA  GalNAc

MAA  NeuMAcaz(2-3)Gal

SNA  NeuNAca(2-6)Gal

| N Y N S N O T N N N B B 2

EE S B AR
N E E R

The a,MR preparation (approximately 0.5 ug), resolved by SDS-
PAGE and electroblotied onto Immobilon-P membranes, was incu-
bated with 30 mp/ml each of the peroxidase-labeled lectins; WGA,
PWM, DSA, Cona, LCA, PNA, ACA, ECG, BS-I, Y¥YA and the
biotinylated le¢tins GNA, MAA and SNA, Bolh native and neuram-
inidase-treaied receptor preparations were tested. Each membrane
was probed by rabbit ant-g,MR serum to localize the a-chain, the
f-chain and the 2, MRAP, The data are combined from 2 or more
experiments with each lectin,

*The lectins might bind 1o other carbohydrale siruclures or monosac-
charides than those listed.
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Fig. 2. Effect of lectins on the ligand binding to immobilized iwo chain
a:MR. The lectins (50 yg/ml) and monosaccharides included in the
incubation are indicaled below the bars. Upper punel: a,MR immobi-
lized on nitrogellulose discs was preineubated with the lectin for 4 h
at 4°C in the absence or presence of 100 mM compeling monosac-
charide, washed and incubated with 8 pM ['*I]a,M-methylamine at
4°C for 16 h, One of four similar experiments is presented, Lower
panel; the assay was performed with the lectins present during the
incubation with ['¥Ij2,MRAP (10,000 cpm/ml). One of three similar
experiments is presenied. Non-saturable binding, measured in the
presence ol unlabeled a,M-methylamine (10 gg/ml) or e, MRAP (5

" up/ml), is subiracted from all values. Data are presented as mean

values + 1 5.D. of triplicate determinations with 1he control binding
in the absence of lectin set at 1.0

blast growth factor [20] to their receptors by 50-70%.
N-Linked sugars are thought to be functionally impor-
tant for the basic fibroblast growth factor receptor since
removal decreases binding dramatically and since WGA
inhibits both binding and biclogical activity [20]. The
inhibitory effect of WGA. on the binding of both a.M-
methylamine and «.MRAP to a.MR is in agreement
with the reporied partial cross-inhibition by the two
ligards in radioligand binding studies {7] suggesting that
they bind to overlapping or neighbouring sites.
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