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The nature and location of carbohydrate moieties on the laminin molecule were
identified by studying the binding affinity of a series of lectins for purified, protease-
derived fragments of laminin, Laminin is a cross-shaped molecule containing three
short arms (36 nm) and one long arm (76 nm). All arms contain globular end regions
by electron microscopy. Purified fragments of laminin were obtained which (a) lacked
the long arm of the molecule but retained the intact short arms, or (b) lacked both
the long arm and the globular end regions of the short arms. These two types of
fragments differed markedly in lectin-binding capacity. Using the known sugar spec-
ificities of the lectins and hapten sugar competition for lectin-binding to laminin frag-
ments, the following conclusions were reached: (a) a-D-Galactopyranosyl end groups
are markedly enriched in the globular end regions of the short arms compared to the
rod-shaped portions of the molecule. (b) a-D-Mannopyranosyl residues are present on
both the globular end regions and the rod-shaped portions of the molecule. (c) Exposed
N-acetyl-D-galactosaminyl end groups are absent or present in low amounts on laminin.
(d) (NANA)-(2 — 6)-8-D-Gal-(1 — 4)-8-D-GlcNAc-(1 — 2)-D-Man-terminated oligosac-
charide units are enriched on the rod-shaped regions of the short arms compared to

the globular end regions.

Laminin, a glycoprotein of basement
membranes, mediates cell attachment and
also binds to other types of matrix com-
ponents. Laminin mediates the attachment
of both normal and neoplastic cells of mes-
enchymal and epithelial origin (1). Laminin
also has been found to bind to proteoglycan
and type IV collagen (2-4). A cell plasma
membrane receptor for laminin has been
identified and isolated (5, 6).

Laminin is a large molecule (M,
= 1,000,000) with an unusual cross-shaped
structure (7, 8). By electron microscopy
laminin contains three short arms (36 nm)
and one long arm (76 nm). All arms contain
globular end regions (7, 8). It has been hy-
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pothesized that the four-arm structure of
laminin is of biological importance en-
abling the molecule to “reach out” and in-
teract with multiple cellular and matrix
components in different directions (9). Such
a diversity of binding regions on the lam-
inin molecule would be expected to reflect
biochemical differences among the molec-
ular domains. Although it was previously
shown that murine laminin binds to Grif-
fonia simplicifolia 1-B, isolectin (10) the
location of the lectin-binding region on the
laminin molecule was not identified. We
therefore undertook to study whether do-
mains of the laminin molecule exhibited
differences in exposed lectin-binding car-
bohydrate residues. In particular, we aimed
to compare the carbohydrate composition
of the globular end regions with that of
the rod-shaped portion of the short arms
of the laminin molecule.
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LECTIN BINDING TO LAMININ

Protease-derived fragments of laminin
were prepared which (a) lacked the long
arm but retained the intact short arms, or
(b) lacked both the long arm and the glob-
ular end regions of the short arms. The
binding affinity of these fragments to lec-
tins immobilized on a solid phase was then
studied for a variety of lectins with known
sugar-binding specificities. The specificity
of the binding was verified by using defined
haptenic sugars to compete for binding.
The results of these studies indicated a
marked qualitative difference in the lectin-
binding capacity of the laminin fragments.

MATERIALS AND METHODS

Purification of laminin and laminin fragments.
Laminin was purified from 0.5 M NaCl extracts of
mouse EHS? tumor by DEAE-cellulose and agarose
A 5M column chromatography and stored frozen in
phosphate-buffered saline (11).

Protease-derived fragments of laminin were purified
and examined by electron microscopy as described
previously (8, 12, 13). The domains of the molecule
retained in the fragments are summarized in Fig. 7.
The a fragment generated by digestion with a-
thrombin lacks the long arm but retains the three
short arms with globular end regions. The C, and P,
fragments generated by chymotrypsin and pepsin,
respectively, lack both the long arm and the globular
end regions of the short arms. The C, fragment shown
in Fig. 7 has a “T” structure with arm lengths of 32
nm. The P, fragment is similar in appearance but
has shorter arm lengths (26 nm) (7, 8, 12). Homo-
geneity of laminin and the three fragments was ver-
ified by electrophoresis on 5% slab gels according to
Laemmli (14) in the presence of 0.5 M urea.

ITodination of laminin and laminin fragments. Lam-
inin and the three fragments were iodinated by the
lacto-peroxidase method (15). The reagents and the
unreacted iodine were removed from the iodinated
proteins by molecular-sieve chromatography.

Binding assay. The GS I-B, isolectin and the GS II
lectin were isolated from G. simplicifolia seeds by the

2 Abbreviations used: NC, nitrocellulose; PBS,
phosphate-buffered saline, +Ca®* and Mg?*; Con A,
concanavalin A; WGA, wheat germ agglutinin, GS I-
B,: G. simplicifolia I-B,; PHA, P. vulgaris agglutinin;
GS 11, G. simplicifolia II; LBL |, LBL II, and LBL
III, Lima bean lectins I, II, and III; EHS, Engel-
breth-Holm-Swarm; BSA, bovine serum albumin;
GalNAc, N-acetylgalactosamine; GleNAc, N-acetyl-
glucosamine.
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method of Delmotte and Goldstein (16). PHA lectins,
concanavalin A, wheat germ agglutinin, N-acetyl-D-
galactosamine, and N-acetyl-D-glucosamine were
purchased from Sigma Chemical Company. Lima bean
lectins I, II, and III were isolated by the procedure
of Roberts and Goldstein (17). The Dolichos biflorus
lectin was the gift of Dr. Marilynn Etzler, University
of California, Davis. The Datura stramonium lectin
was prepared by the procedure of Crowley and Gold-
stein (18). Methyl-a-D-galactopyranoside, methyl-g-
D-galactopyrannoside, methl-a-D-mannoside, methyl-
a-D-glucopyranoside, and methyl--D-glucopyranoside
were gifts from Dr. Gilbert Ashwell (NIADDK, NIH).
Nitrocellulose SCWP 8-um filters and other types of
filters were purchased from the Millipore Corporation
(Bedford, Mass.).

The binding of laminin and laminin fragments to
lectins immobilized on nitrocellulose was carried out
as follows. The lectin to be studied for binding prop-
erties was dissolved in phosphate-buffered saline
(+ calcium + magnesium), pH 7.4 (PBS). The lectin-
PBS solution was applied directly to the surface of
nitrocellulose filters (13 mm dia. 8-um-pore-size Mil-
lipore SCWP type) resting on a hydrophobic plastic
surface. A solution volume of 20 ul applied by pipet
was enough to completely soak the entire area of the
filter without excess fluid accumulating. After incu-
bation in a humidified chamber for 1 h, the filters
were immersed in a blocking solution of 3% bovine
serum albumin (BSA/PBS: 2 X 90 min) and rinsed
with PBS (2 X 30 min). The blocked filters were sat-
urated with '®I-labeled whole laminin or the laminin
fragments and incubation was conducted in a hu-
midified chamber at 25°C for 30 min. The filters were
washed with PBS (2 X 45 min) and placed in a Packard
v-counter to measure the bound radioactivity. The
radioactivity bound to NC filters blocked with 3%
BSA alone was subtracted as background (8-15%) to
give the final value for bound radioactivity. Carbo-
hydrate specificity of the lectin-laminin binding was
studied by two means: In the first method, the lam-
inin-lectin-binding reaction was conducted in the
presence of excess haptenic sugars, and in the second
method the haptenic sugars were added at the end
of the binding reaction and the radioactivity was
eluted from the filters over 18 h at 25°C.

RESULTS

The affinity of whole laminin for a series
of lectins was studied under conditions in
which an excess of lectin was bound to ni-
trocellulose filters. When a series of lectin
concentrations were bound to the NC, the
application of 10 or 20 ug of lectin on the
NC filter was in the plateau range of the
laminin-binding curve (Fig. 1). Time-course
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F16. 1. Binding of '®I-laminin (specific activity 2500
cpm/ng) to Con A (10 pg), GS I-B, (20 ug), PHA (20
ug), Datura lectin (20 ug), WGA (20 ug), GS II (20
ug), LB1, LBII, and LB III (8 ug), and Dolichos lectin
(20 ug). Inserts: The binding of laminin to PHA and
WGA at different concentrations was plotted. Each
point represents the mean of nine filters in three
separate experiments and the values differed only by
10% between the filters. The nonspecific binding to
BSA was 12%.

studies showed that the rate of laminin
binding reached a plateau after 20 min. A
variety of nitrocellulose filter types were
compared for their lectin-binding prop-
erties. Using iodinated ligand, Millipore
type SCWP bound nearly 100% of applied
radioactivity and exhibited a background
of laminin binding to BSA-blocked filters
of 10%. In contrast, NC filters type EAWP,
HVLP, HVHP (Millipore), Schleicher and
Schuell, or Bethesda Research Labs bound
only 20 to 50% of the applied radioactivity,
and showed a background of laminin bind-
ing to BSA-blocked filters in the range of
50 to 80%. The SCWP type was therefore
clearly superior and was used for all sub-
sequent experiments.

Whole laminin was observed to bind sig-
nificantly to five out of the ten lectins stud-
ied. For these five lectins (Con A, GS I-B,,
PHA, Datura, or WGA), up to 60% of the
applied laminin bound to a molar excess
(>10X) of the lectin. Reduced binding to
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GS II lectin was found. The LBL compo-
nents I, IT, and III and the D. biflorus lectin
failed to bind laminin compared to back-
ground. As shown in Fig. 1, the variability
in the binding assays was low.

The sugar-binding specificity for those
lecting which had an affinity for laminin
was studied both by competition and elu-
tion (extraction) with specific haptenic
sugars. Specificity results from both meth-
ods were identical (Figs. 2-4).

Methyl - @ - D - mannopyranoside and
methyla-D-glucopyranoside specifically
inhibited laminin binding to Con A
whereas methyl-a- and 8-D-galactopyran-
oside, and N-acetyl-D-galactosamine were
ineffective. Laminin binding to GS I-B,
lectin was blocked effectively by methyl-
a-D-galactopyranoside but not by methyl-
B-D-galactopyranoside. Laminin binding to
PHA lectin and wheat germ agglutinin was
specifically inhibited by N-acetyl-D-galac-
tosamine and N-acetyl-D-glucosamine, re-
spectively. Extraction of the filters with
50 mM sugar solutions showed a simi-
lar specificity. In the extraction studies
methyla-D-mannopyranoside and methyl-
a-D-glucopyranoside extracted most of the
bound activity from the Con A-treated fil-
ters. Correspondingly, extraction with
methyl-a-D-galactopyranoside eluted lam-
inin from the GS I-B,-treated filters and
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Fi1c. 2. (A) Influence of 50 mm solutions of (1)
methyl-a-D-galactopyranoside; (2) methyl-§-p-galac-
topyranoside; (3) methyl-a-D-mannopyranoside; (4)
methyl-a-D-glucopyranoside, and 0.5 M solution of (5)
N-acetyl-D-galactosamine on the binding of (A) '#I-
laminin binding to 10 ug of Con A. Haptens 3 and 4
significantly inhibited the binding while the other
sugars were ineffective. (B) ®I-laminin bound to Con
A was extracted with 50 mM solutions of haptens 1-
4 and 0.5 M solution of hapten 5. Sugars 3 and 4 ex-
tracted 50 to 70% of the bound laminin.
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FIG. 8. (A) Influence of 50 mM solutions of haptens
1-4 and 0.5 M solutions of haptens 5 and 6 on the
binding of ®[-laminin to 20 ug of GS I-B, lectin (A).
Methyl-a-D-galactopyranoside (1) competed for the
laminin binding to GS I-B, lectin. Haptens (2) methyl-
B-D-glucoside; (3) methyl-a-D-mannoside; (4) methyl-
a-D-glucoside; (5) N-acetyl-D-galactosamine, and (6)
N-acetyl-D-glucosamine were ineffective. (B) Hapten
methyl-a-D-galactopyranoside (1) extracted signifi-
cant amounts of bound laminin compared to
sugars 2-6.

extraction with N-acetyl-D-galactosamine
eluted laminin from the PHA lectin-coated
filters. N-Acetyl-D-glucosamine specifically
eluted the bound activity from wheat germ
agglutinin-coated filters.

The laminin fragments differed in their
lectin-binding properties (Figs. 5, 6). The
a-thrombin-derived fragment, missing the
long arm of the molecule, bound to Con A,
GS I-B,, PHA, and WGA. The « fragment
exhibited somewhat reduced binding to
Con A, GS I-B,, and PHA, but not WGA,
compared to whole laminin. The C, and P,
fragments of laminin, which are missing
the globular end regions, showed signifi-
cantly reduced binding compared to whole
laminin for Con A. The C; and P, fragments
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failed to bind significantly to the GS I-B,
lectin. In contrast, the C, and P, fragments
did not differ significantly from the « frag-
ment in binding to WGA and PHA. These
data indicate that the GS I-B4-binding do-
mains, but not the PHA- or WGA-binding
domains, are enriched on the globular ends
of all four arms of the molecule.

DISCUSSION

In this report, a new lectin-binding assay
is described to study the lectin-binding do-
mains on laminin. The nitrocellulose-filter
assay is simple, rapid, reproducible, and
exhibits appropriate specificity. With a
molar excess ratio of bound lectin to ap-
plied laminin, whole laminin bound well
to only five out of the ten lectins tested.
This qualititative difference indicates that
laminin is rich in some carbohydrate res-
idues but lacks others. Of all the lectins
tested, concanavalin A bound to the highest
extent, indicating that laminin is probably
rich in a-D-mannopyranosyl residues.

Precipitin reactions between concanav-
alin A and glycoproteins are specifically
inhibited by methyl-a-D-mannopyranoside
and to a lesser extent by methyl-a-D-glu-
coside, but not by other haptenic sugars
at similar concentrations (19, 20). Similar
studies indicated that methyl-a-D-galac-
topyranoside and oligosaccharides con-
taining terminal nonreducing «-D-galac-
topyranosyl units are specific inhibitors of
the GS I-B, isolectin (21, 22). Although
PHA has a complex binding site (23), it is
reported that high concentrations of N-

A 12 3406566 7

A1 23 45867

F1G. 4. Binding of "*I-laminin to 20 ug lectins (A) PHA and (B) WGA in the presence of haptens
(1) methyl-a-D-galactopyranoside; (2) methyl-g-D-glucoside; (3) methyl-a-D-mannoside; (4) methyl-
B-D-galactoside; (5) methyl-a-D-glucoside; (6) N-acetyl-D-galactosamine; and (7) N-acetyl-D-glu-
cosamine. Binding between laminin and PHA lectin was inhibited by N-acetyl-D-galactosamine
while the binding of laminin to WGA was inhibited by N-acetyl-p-glucosamine.
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F16. 5. Comparison of the binding of laminin and fragments to an excess molar ratio of Con A,
GS I-B,, PHA lectins, and wheat germ agglutinin bound to NC. The concentrations of lectins was
1 pg/mm? of filter. (A) Laminin; (B) « fragment; (C) C, fragment; (D) P, fragment.

acetyl-D-galactosamine will inhibit its
reactivity (24). N-Acetyl-D-glucosamine is
a specific inhibitor of wheat germ agglu-
tinin. We tested the ability of the NC-filter
assay to reproduce the specificity of these
lectins for binding to laminin. The data in
Figs. 2-4 clearly indicate that the binding
of laminin to the immobilized lectins is
specific in that Con A binding was inhibited
by a 25 or 50 mM solution of methyl a-D-
mannopyranoside and methyl-a-D-gluco-
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F1G. 6. Binding of laminin and laminin fragments
(specific activity 2500 ecpm/ng of protein) to different
concentrations of GS I-B, lectin and Con A. Binding
of laminin reached plateau at 10 ug of Con A and 20
ug of GS I-B, lectin on the SCWP nitrocellulose filters.
The structure of the fragments is depicted on the
right.

pyranoside, GS I-B, lectin binding was in-
hibited by methyl-a-D-galactopyranoside,
PHA lectin binding was inhibited by a 0.5
M solution of N-acetyl-D-galactosamine,
and wheat germ lectin binding was blocked
by N-acetyl-D-glucosamine at the same
concentration. The specific sugars involved
in the interaction of laminin with different
lectins was also confirmed by extracting
the filters with 50 mMm solutions of haptenic
sugars or 0.5 M solutions of N-acetyl-D-
glucosamine or N-acetyl-D-galactosamine.
The respective haptenic sugar, which com-
petitively blocked the lectin binding to
laminin, also extracted most of the labeled
laminin from the NC, confirming the spec-
ificity of the binding reaction.

Whole laminin has the configuration of
an asymmetric “cross” with one long arm
(77 nm) and three identical short arms (37
nm) (7, 8). The native “o” subunit com-
prises the three intact short arms of the
laminin “cross” (8) and the C, and P; frag-
ments consist of the three short arms with
the end globular regions reduced or re-
moved (7, 12). The « subunit of laminin
bound well to five lectins to an extent 15
to 40% less than to whole laminin. This
suggests that the long arm of the laminin
“cross” has a considerable amount of car-
bohydrates. The « subunit and the C, and
the P, fragments differed markedly in their
capacity to bind to two of the four lectins.
The a subunit, which has the end globular
domains, bound to the GS I-B, lectin. The
C, and P, fragments bound to GS I-B, lectin
to a significantly lower extent (60 to 75%
less) compared to the « fragment. We con-
clude that the end globular domains are
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Fic. 7. Sodium dodecyl sulfate (5%)-gel electro-
phoresis autoradiography of purified laminin or its
fragments. Whole laminin (A), o fragment (B), and
C, fragment (C). A diagrammatic representation of
laminin and each of the purified fragments as visu-
alized by rotary-shadowing electron microscopy (7,
8, 12) is shown on top.

rich in a-D-galactopyranosyl end groups.
PHA lectin and wheat germ agglutinin
bound to the C; or the P; fragment in
amounts equivalent to the « subunit.
Therefore, we conclude that N-acetyl-D-
glucosaminyl and galactosaminyl end units
are absent or present in low amounts on
the globular end regions of the short arms.

On the basis of the lectin-binding studies
described in this paper, we may make the
following conclusions regarding the gly-
cosyl moieties of laminin.

1. a-D-Galactopyranosyl end groups are
present as established by the strong re-
action with the G. simplicifolia I-B, lectin.
The strong interaction of castor bean (R¢-
cinus communis) agglutinin, specific for
both - and 8-D-Gal end groups, and the
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liberation of galactose by coffee bean a-
galactosidase confirm this conclusion (10).

2. N-Acetyl-D-galactosaminyl end groups
are absent or present to a very limited ex-
tent. This conclusion is based on the poor
reactivity of laminin with the lima bean
and D. biflorus lectins, both of which are
quite specific for GalNAc end groups. These
lectins also exhibit limited reactivity with
a-D-galactosyl end groups.

3. a-D-Mannopyranosyl residues, most
probably substituted at the 2-O-position,
are present as evidenced by strong reaction
with Con A. Although this lectin also in-
teracts with a-D-glucosyl and 2-acetamido-
2-deoxy-a-D-glucopyranosyl residues, the
former sugar is not present in laminin and
it would be necessary for the amino sugar
to be present as terminal nonreducing
units, a rather rare occurrence (25). In-
asmuch as the GS II lectin, whose speci-
ficity is for GlcNAc end groups, reacted
poorly with laminin, it is probable that
Con A is interacting with internal 2-O-
substituted a-D-mannopyranosyl residues.

4. The presence of internal —4)-G-D-
GlcNAc-(1- units is indicated by the re-
action of laminin with wheat germ agglu-
tinin and the D. stramonium lectin. The
strong reaction with the Datura lectin
suggests the presence of N-acetyllactos-
amine (8-D-Gal-(1 — 4)-D-GleNAc) end
units.

5. The strong interaction of laminin with
PHA, the Phaseolus vulgaris lectin, indi-
cates the presence of bi-, tri-, or higher
antennary oligosaccharide units containing
a-(NANA)-3-D-Gal-(1-4)-D-GleNAc-(1-2)-
a-D-Man- termini (24, 26-29).
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