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Difference in binding-site architecture of the
serum-type and liver-type mannose-binding
proteins
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The carbohydrate-recognition domains (CRDs) of the serum-type and the liver-type mannose-binding proteins (MBPs) from
rat display different binding characteristics toward mannose-rich oligosaccharides derived from N-glycosides, despite the
overall similarity in their binding site architecture, oligomeric status and actual binding specificity at the monosaccharide
level. We found that the liver-type MBP CRD of rat (MBP-C) bound methyl glycosides of certain mannobioses and -trioses,
which are part of the mannose-rich N-glycoside, more tightly than methyl a-mannopyranoside. In contrast, the serum-type
MBP CRD of rat (MBP-A) bound all the methyl glycosides of manno-oligosaccharide and methyl a-mannopyranoside with
similar affinities. The mannobiose and -triose most strongly bound to MBP-C CRD were Mana(1-2)Mana-OMe and Mana

(1-2)Mana(1-6)Mana-OMe, respectively. From these and other data, we postulate that the binding site of MBP-C has an
extended area of interaction, probably the size of a mannotriose, while MBP-A interacts essentially with one mannose
residue.
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Abbreviations: MBP, mannose-binding protein; CRD, carbohydrate-recognition domain; BSA, bovine serum albumin;
TFA-ah, 6-(trifluoroacetyl)aminohexyl; PNP, p-nitrophenyl
Introduction

Two types of mannose-binding protein (MBP), a serum type
and a liver type, circulate in the sera of many higher animals.
These MBPs belong to the C-type lectins [1], which possess
a unique polypeptide domain called the carbohydrate-
recognition domain (CRD) that is responsible for the bind-
ing of sugars in a calcium dependent manner (C-type). In
both MBPs, the CRD is located at the C-terminal end and
this domain is connected to a collagenous domain by
a short polypeptide. There is a short segment of a cysteine-
rich polypeptide at the N-terminal end. There are other
proteins with such a polypeptide construct, e.g., pulmonary
surfactant proteins A and D, and these are collectively
called collectins [2]. Although monomeric units of the two
MBPs are quite homologous, they differ in the oligomeric
organization; the serum-type MBP exists in large aggregates
of 18—20 monomers, while the liver-type MBP is composed
of six monomers [3].

The serum-type MBP, the more abundant of the two, is
a pre-immune defense molecule, and is identical to one of
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the bactericidal factors known as Ra factors that are con-
served in vertebrates throughout evolution [4]. It is an
acute-phase protein, having a heat-shock promotor
sequence and two glucocorticoid-responsive promotors on
the 5@ flanking side of its gene [5]. In rats and mice, the two
forms of MBP are produced by separate genes, and only the
serum-type MBP, known as MBP-A, qualifies as an acute-
phase protein [6]. At the moment, the biological function of
the liver-type MBP, or MBP-C, is unknown.

Although known as mannose-binding proteins, both
types of MBP recognize many other sugars such as L-Fuc,
GlcNAc, and Glc [7, 8]. The X-ray crystallographic struc-
tures of both MBPs show a shallow binding area for sugars,
with a main anchoring force being generated by an extensive
network of hydrogen bonds and coordination bonds inter-
connecting 3-OH and 4-OH groups of mannose with a
calcium ion and amino acid residues in the binding site.
This architecture of the binding area agrees well with the
observed broad specificity of MBPs, and suggests that any
sugar with equatorial, vicinal hydroxyl groups in the
(#)syn-clinal configuration would probably bind to MBP
as well as Man [9].

Despite such similarity in the binding area architecture
and actual monosaccharide-binding characteristics, the two
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MBPs appear to bind branched oligosaccharide structures
differently. Simply put, MBP-C (liver type) binds oligosac-
charide structures belonging to the mannose-rich type and
some Gal- or GlcNAc-terminated complex biantennary
type more strongly than MBP-A (serum-type) [10]. These
studies were carried out using cloned fragments of MBPs
that contain a small piece of connecting region in addition
to CRD, but are devoid of the collagenous domain. Despite
the lack of the collagenous domain, both fragments were
shown to exist as trimers [11]. Therefore, it is most likely
that the difference in the binding emanates from CRD itself,
and is not dependent on the oligomeric state.

In the present study, we also used such MBP-CRD frag-
ments, and found that they bind component di- and tri-
saccharide structures of Man-rich oligosaccharide differently.
Our results suggest that MBP-C has an extended binding area,
perhaps capable of accommodating up to a linear trisacchar-
ide, while MBP-A recognizes only a single sugar residue.

Materials and methods
Materials
Bovine serum albumin (BSA) was from Bayer (Pentex).
Methyl a- and b-D-mannopyranosides were from Sigma
Chemical Co. (St. Louis, MO). Preparations of the following
compounds have been previously reported: a-manno-
pyranoside of allyl [12] and 6-(trifluoroacetamido)hexyl
(TFA-ah) [13]; p-nitrophenyl (PNP) a- and b-D-manno-
pyranosides [14] and methyl 4,6-O-benzylidene-a-D-man-
nopyranoside [15]. The a(1,2)-linked and a(1,6)-linked man-
notetraoses and a mixture of mannohexaose isomers are
kind gifts from Dr C. E. Ballou (University of California at
Berkeley), and M

5
-Asn is from Dr M.-C. Shao (Johns

Hopkins University). M
9
-Asn was prepared as described

[16] from soy bean agglutinin. The rat MBP-CRD frag-
ments of serum-type (A) and the liver type (C) were prepared
as described [17]. A BSA-based neoglycoprotein containing
28 (average) thiomannosides per molecule was prepared as
described [18]. Carrier-free Na125I was obtained from
Amersham Life Science Corp. (Arlington Heights, IL).
Radioactivity was counted using a Packard MINAXI
gamma-counter.

Methods

1H-NMR spectra were obtained using a Bruker AMX 300
and Bruker AM 600 spectrometers. The binding activity of
MBP was assayed using ammonium sulfate precipitation
method as described [16]. Briefly, MBP-CRD (\40 nM)
and 125I-Man

28
-BSA (\0.1 nM) in 0.3 ml of tris buffer (pH

7.8) containing 1 M NaCl and 25 mM CaCl
2

were incubated
in an ice-water bath for 20 min and then for 1 h after
addition of 0.44 ml of cold 100% ammonium sulfate solu-
tion. The mixture was then filtered through a glass fibre
filter and washed. The radioactivity collected on the filter
paper was measured. In order to estimate the affinity of
a potential inhibitor, it was included in the incubation
mixture at levels that can cause 0—100% inhibition of bind-
ing of 125I-Man

28
-BSA, and the extent of decrease in the

binding was measured. A plot of percent inhibition (%)
versus inhibitor concentration (logarithmic scale) produced
a sigmoidal curve and the concentration that causes 50%
inhibition (I

50
) was determined from it. Radioiodination of

Man
28

-BSA was carried out using chloramine T method
[19]. Typically 10 lg of Man

28
-BSA was iodinated with

0.5 mCi Na125I in 30 ll total volume for 40—60 s. The
iodinated protein was purified by passing the reaction mix-
ture through a column (5-ml bed volume) of Sephadex G-25.
Usually specific radioactivity of 80—100 million cpm nmol~1

was obtained. The radioactive protein solution was mixed
with 100 lg of BSA and stored in the cold.

For a select few inhibitors, K
$

values were estimated
using a non-linear regression program, LIGAND [20]. For
this purpose, the binding isotherm curves for the interaction
between Man

28
-BSA and the two MBP CRDs were gener-

ated by carrying out the binding assays at Man
28

-BSA
concentrations in the range of 10 nM—10 lM. The curves for
MBP-A and -C almost completely overlapped and prod-
uced a K

!
value of 6.8]106M~1 for both MBP-A and -C

by the LIGAND fitting. The inhibition assays were carried
out at ten different concentrations of each inhibitor that would
give 0—100% inhibition, and the bound counts (without sub-
tracting the non-specific binding) were directly fitted with the
LIGAND program with K

!
of Man

28
-BSA set at 6.8]106.

Fittings were done using one-site and two-site models.

Preparation of manno-oligosaccharide methyl glycosides

Preparation of methyl glycosides of mannobioses and man-
notrioses has been reported by several groups [21—25]. Our
scheme (Scheme 1), which is not identical to any of the
reported procedures, utilizes a single key intermediate,
methyl 4,6-O-benzylidene-a-D-mannopyranoside, and a con-
trolled benzylation to obtain all the glycosyl acceptors
needed for syntheses. Since the endproducts have been re-
ported, we will limit our description to overall reaction
scheme and component reactions in general terms rather
than describing preparation of each end product in detail.
The reactions used routinely in the scheme are as follows: (1)
De-O-acetylation is accomplished by treating a methanolic
solution of compounds with 10 mM sodium methoxide
in dry methanol for 2 h at room temperature; (2) De-O-
benzylidenation is by heating the solution of compound in
80% acetic acid at 80° for 1.5 h; (3) Alternatively, de-O-
benzylidenation is accomplished together with de-O-ben-
zylation by hydrogenolysis at atmospheric pressure in either
95% ethanol or 80% acetic acid using 10% palladium on
carbon as catalyst; (4) Mannosylation was carried out in dry
toluene-nitromethane mixture (1 : 1) using 2,3,4,6-tetra-O-
acetyl-l-bromo-mannopyranose [26] and mercuric cyanide,
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Scheme 1. Utilizes a single-key intermediate, methyl 4-6-O-benzylidene-a-D-mannopyranoside,and a controlled benzylation to obtain all the glycosyl
acceptors needed for syntheses.
both in 1.6-fold molar excess over the glycosyl acceptors
(2, 3, and 6). For glycosyl acceptor 5, the glycosylating
reagents were used in 3.2-fold molar excess. Glycosylation
products were size-fractionated on a column (5]190 cm) of
Sephadex LH-20 using 95% ethanol as eluant. The column
separated mono-, di-, and tri-saccharide completely.
Fractions containing trisaccharides and disaccharides were
combined separately, and each oligosaccharide fraction was
further purified by silica gel chromatography, if needed.

The first step of the reaction scheme (Scheme 1) is a
partial benzylation of methyl 4,6-O-benzylidene-a-D-
mannopyranoside (1) in dry N,N-dimethylformamide using
equimolar amounts of NaH and benzyl bromide. Three
products, methyl 2-O-benzyl-4,6-O-benzylidene-a-D-manno-
pyranoside (2), methyl 3-O-benzyl-4,6-O-benzylidene-a-D-
mannopyranoside (3), and methyl 2,3-di-O-benzyl-4,6-O-
benzylidene-a-D-mannopyranoside (4), and the remaining
starting material (1) were separated by silica gel chromato-
graphy using toluene—ethyl acetate (2 : 1) as solvent. De-O-
benzylidenation of 2 and 4 yielded methyl 2-O-benzyl-a-D-
mannopyranoside (5) (silica gel purification with ethyl acet-
ate-acetone, 4 : 1) and methyl 2,3-di-O-benzyl-a-D-manno-
pyranoside (6) (silica gel purification with toluene—ethyl
acetate, 1 : 2), respectively. Mannosylation of 2, 3, 5, and
6 (reaction sequences a, b, c, and d, respectively in Scheme 1)
followed by purification, de-O-acetylation and hydro-
genolysis produced methyl 3-O-(a-D-mannopyranosyl)a-D-
mannopyranoside [Mana(1-3)Mana1-OMe], methyl 2-O-
(a-D-mannopyranosyl)a-D-mannopyranoside [Mana(1-2)
Mana1-OMe], methyl 3,6-di-O-(a-D-mannopyranosyl)a-D-
mannopyranoside (tri-Man core methyl glycoside), and
methyl 6-O-(a-D-mannopyranosyl)a-D-mannopyranoside
[Mana(1-6)Mana1-OMe], respectively. Completely de-
protected products were purified on a column (2.5]140 cm)
of Sephadex G-15 in 0.1 M acetic acid, if necessary.

In addition to the expected products, both the reaction
sequences c and d produced a trisaccharide byproduct (sep-
arated by Sephadex LH-20 column), which upon deprotec-
tion yielded Mana(1-2)Mana(1-6)Mana1-OMe. Formation
of such byproduct having Mana(1-2)Mana-linkage in lieu of
simple Mana- linkage occurring in certain mannosylation
reactions has been reported [27]. Two other linear trisac-
charide glycosides, Mana(1-2)Mana(1-2)Mana1-OMe and
Mana(1-2)Mana(1-3)Mana1-OMe, were prepared by the pen-
tenyl coupling method [28], and will be described elsewhere.

The 1H-NMR spectra of di- and tri-saccharide methyl
glycosides agreed well with reported spectra or chemical
shift values [29]. In addition, linkage positions were
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confirmed by NMR spectra of per-O-acetylated products
and decoupling experiments of deprotected products.

Results

The I
50

values of various inhibitors, which are inversely
related to affinity, are presented in Table 1. Three key
inhibitors were chosen to determine their K

!
values by

non-linear regression as described in Materials and
methods. The two-site fitting produced two K

!
values which

were both similar to the value obtained with the one-site
fitting with little improvement in the fitting. For the MBP-A
binding of the di- and tri-saccharides (Table 2), the two-site
model failed to fit the data. For this reason, only the results
of the one-site fitting are presented in Table 2. Examination
of the tables leads to the following observations and con-
clusions:

(1) The I
50

values of all the compounds are quite similar
for MBP-A, generally falling within a twofold range of one
another. In contrast, the I

50
values of the same set of

inhibitors for MBP-C are more varied, difference between
the best and the worst inhibitor being \17-fold.

(2) For MBP-C, glycosides of mannose with a large and
hydrophobic aglycon of a-orientation (e.g., benzyl and
TFA-ah) were much better inhibitors than the ones with
small a-aglycon (e.g., methyl and allyl). In contrast, the
nature of aglycon did not influence the affinity for MBP-A.
These results suggest that the binding site of MBP-A recog-
nizes primarily one mannose residue, while that of MBP-C
has an extended area of interaction for aglycon, which
appears to be hydrophobic in nature. Two examples of
b-glycoside (methyl and PNP) suggest that a b-aglycon does
not interact with the putative extended binding site of
MBP-C.

(3) When the C-1 substituent is another mannose, which
is considerably more hydrophilic than benzyl or TFA-ah,
the I

50
values varied considerably for MBP-C depending on

the linkage. The least effective inhibitor of the three disac-
charide sequences was Mana(1-3)Man, which had an
I
50

\3.5-fold higher than that of the best disaccharide
inhibitor, Mana(1-2)Mana1-OMe. The I

50
of the latter is

comparable to those of hydrophobic glycosides. As for
trisaccharides, Mana(1-2)Mana(1-6)Mana1-OMe with an
I
50

of 0.25 mM was the best linear, synthetic inhibitor for
MBP-C. The fact that its I

50
is lower than that of disacchar-

ide or hydrophobic glycosides suggests that the area of
interaction of the MBP-C binding site may be at least as
large as a trisaccharide.

(4) For the I
50

values to approximate the K
$

values, the
inhibition experiments should be performed using concen-
trations of both the protein and the reference ligand below
1/10 K

$
. In the present study, in order to obtain a good

signal to background ratio, the MBP concentration of
40 nM was used, which is only slightly lower than the K

$
of

the MBP-Man
28

-BSA interaction. Despite this limitation,
the I
50

values for MBP-A were quite similar to K
$
values, as

a comparison of data in Tables 1 and 2 shows. For instance,
K

$
of the three compounds are in the 0.5—0.6 mM range,

while the corresponding I
50

values are in the 0.8—1 mM

range. However, the I
50

values for MBP-C were consider-
ably higher than the corresponding K

$
values. For example,

K
$

of Me a-Man is 0.6 mM, which is the same as MBP-A,
while the corresponding I

50
is 4.44 mM. However, the ratios

of I
50

values for MBP-C nonetheless appear to reflect the
relative potency of the inhibitors reasonably well. For
instance, K

!
values indicate that affinity of Mana(1-2)

Mana1-OMe and Mana(1-2)Mana(1-6)Mana1-OMe is
three- and ninefold higher than Me a-Man, while the corres-
ponding affinity increments calculated from I

50
values are

five- and 18-fold. The K
!

values indicate that Mana(1-2)
Mana1-OMe and Mana(1-2)Mana(1-6)Mana1-OMe bind
three- and eightfold tighter to MBP-C than to MBP-A,
respectively. The overall free energy of interaction (*G) and
the free energy contribution by each Man residue (**G)
calculated from the K

!
values are also presented in Table 2.

(5) Of the two tri-branched Man-rich glycopeptides
tested, M

9
-Asn is the best inhibitor of all the compounds

listed in Table 1, whereas M
5
-Asn, a smaller Man-rich

glycopeptide, is appreciably inferior by comparison. The
structure of M

9
-Asn and M

5
-Asn (Table 1, footnote b) both

contain three terminal Man residues, but only M
9
-Asn

contains unsubstituted, linear trisaccharide segments, in-
cluding the highest affinity-triaccharide sequence of
Mana(1-2)Mana(1-6)Man.

Discussion

Despite the similarity in their monomer polypeptide con-
struct, state of oligomerization and binding characteristics
at the monosaccharide level, MBP-A and MBP-C CRDs
show dissimilar binding specificity toward some oligosac-
charides derived from N-glycosides [10]. Although quanti-
tative data are not available in the study referenced above,
the results seem to show that MBP-C CRD binds Man-rich
oligosaccharides and the trimannosyl core structure, while
MBP-A CRD does not under a similar set of conditions. In
trying to decipher the basis for this difference in the binding
specificity, we discovered recently, using quantitative inhibi-
tion assays, that the two CRDs behave differently toward
a series of neoglycopeptides having two terminal mannose
residues, and concluded that MBP-C CRD contains two
mannose binding sites per monomer, while MBP-A CRD
has only one* [30]. The putative second site of MBP-C is of
a considerably weaker affinity, and is postulated to bind
mannose but not GlcNAc, in contrast to the primary site
which binds both Man and GlcNAc. A recent report on
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Table 1. Inhibition potency of Man-containing compounds.

I50 (mM)

MBP-A CRD MBP-C CRD

Glycosides of Man
Methyl a 0.94 4.44
Methyl b 1.9 7.69
Allyl a 1.23 4.19
Benzyl a 0.62 0.59
TFA-ah a 1.18 0.49
PNP a 1.09 0.43
PNP b 0.4c 1.3c

Disaccharide glycosides
Mana(1-2)Mana1-OMe 0.94 0.86
Mana(1-3)Mana1-OMe 1.95 2.96
Mana(1-6)Mana1-OMe 0.99 1.80

Trisaccharide glycosides
Mana(1-6)-[Mana(1-3)]Mana1-OMe 0.94 0.99
Mana(1-2)Mana(1-2)Mana1-OMe 0.59 0.99
Mana(1-2)Mana(1-3)Mana1-OMe 1.21 1.36
Mana(1-2)Mana(1-6)Mana1-OMe 0.86 0.25

Man oligosaccharides
[Mana(1-2)Mana(1-2)]2 0.86 1.08
[Mana(1-6)Mana(1-6)]2 0.94 2.34

Manno-hexaose mixturea 0.74 0.86
High-Man glycopeptides

M5-Asnb 0.85 0.73
M9-Asnb 0.5c 0.1

a This mixture is likely to be composed of:

Mana(1-2)Mana(1-2)Mana(1-6)
C
Man
/

Mana(1-2)Mana(1-2)

Mana(1-2)Mana(1-2)Mana(1-2)Mana(1-6)
C
Man
/

Mana(1-2)

Mana(1-2)Mana(1-6)
C
Man
/

Mana(1-2)Mana(1-2)Mana(1-2)

b Structure of Man5-Asn and Man9-Asn is shown below:

$[Mana(1-2)]Mana(1-6)
C
Mana(1-6)
/ C

$[Mana(1-2)]Mana(1-3) Manb(1-4)GlcNAcb(1-4)GlcNAcb1-Asn
/

$[Mana(1-2)Mana(1-2)]Mana(1-3)

M5-Asn:! M5-Asn:#

c Due to limited solubility or availability, these numbers are estimates from partial inhibition curves.
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Table 2. Association constants of three inhibitors.

MBP-A MBP-C

Ka Kd DG DDG Ka Kd DG DDG
]103 M~1 mM kcal mol!1 kcal mol!1 ]103 M!1 mM kcal mol!1 kcal mol!1

Mala1-OMe 1.7 0.59 4.10 1.68 0.60 4.09
Mana(1-2)Mana1-OMe 1.7 0.59 4.10 0 5.0 0.2 4.69 0.6
Mana(1-2)Mana(1-6)Mana1-OMe 2.1 0.48 4.21 0.11 16.0 0.06 5.33 1.24
*Quesenberry, MS, Lee, RT and Lee, YC, manuscript in preparation.
x-ray crystallographic structure of MBP-C CRD [31] al-
soidentified a second methyl a-Man binding site of weaker
affinity. This site, unlike the primary site, engages the axial
2-OH of mannose in the binding process, suggesting that
GlcNAc which has an equatorial 2-NHAc may not bind.
This weaker binding site, which is \25 As away from the
primary site, may well be the secondary site identified in our
work with divalent ligands.

In the present study, we discovered yet another difference
in the ligand-binding characteristics between MBP-A and
-C. We confirmed as proposed earlier [8] that the serum-
type MBP (MBP-A) interacts only with a monosaccharide,
since all the mannose oligosaccharides of both linear and
branched structures as well as various glycosides of Man
exhibited inhibition potency similar to Me a-Man. In con-
trast, the same set of inhibitors exhibited more varied inhibi-
tion potencies toward MBP-C, the smallest ligand, Me
a-Man, being the weakest inhibitor. Of the three disacchar-
ide glycosides, Mana(1-2)Mana1-OMe had the highest
affinity (I

50
, approximately fivefold lower than that of Me

a-Man), while its positional isomer, Mana(1-3)Mana1-
OMe, hardly showed any affinity increase over Me a-Man.
The preferred conformations of the disaccharides deter-
mined by molecular mechanics [32] show that two Man
rings tend to be in a stacked conformation in the case of the
a(1-2)-linked disaccharide, whereas the two rings extend out
with little overlap in the a(1-3)-linked Man disaccharide.
Mana(1-6)Mana1-OMe, conformationally the most flexible
isomer of the three, can easily assume both overlapping and
extended conformations, granted these conformations are
not identical to those of a(1-2)- and a(1-3)-linked disacchar-
ides. The fact that this most flexible, a(1-6)-linked isomer
was less inhibitory than the a(1-2)-linked disaccharide sug-
gests that the relationship of sugar rings presented by
Mana(1-2)Mana1-OMe is most complementary to the bind-
ing site. We postulate, therefore, that the secondary interac-
ting area of MBP-C is located below the ring of the terminal
Man residue to match the contour of the Mana(1-2)Mana1-
OMe structure. The affinity increase by Mana(1-2)Mana1-
OMe is quite similar to or slightly less than that afforded by
a large hydrophobic aglycon (e.g., benzyl), suggesting that
nature of the interaction in this area may be mainly hydro-
phobic. The fact that b-glycosides bind to MBP-C much less
strongly than the corresponding a-glycosides also suggests
that the secondary interacting region of MBP-C is located
below the plane of the sugar ring.

The only trisaccharide structure with substantially higher
affinity than Mana(1-2)Mana1-OMe is Mana(1-2)Mana(1-6)
Mana1-OMe. All other trisaccharides and oligomannosides
of six or fewer Man residues had inhibition potency similar
to or weaker than Mana(1-2)Mana1-OMe. This suggests
the existence of a third sub-site, albeit of relatively weak
interaction, which can best accommodate the trisaccharide
sequence of Mana(1-2)Mana(1-6)Man.

In order to assess the binding energy at each of the
postulated subsites, the association constant of three key
inhibitors was determined by a non-linear regression pro-
gram, LIGAND (Table 2). Although the X-ray crystallo-
graphic study [31] and the inhibition study using some
divalent ligands* [30] suggested the presence of a second
Man-binding site of considerably weaker affinity than the
primary site, fitting of the binding data of the three ligands
did not suggest the presence of a site with a much weaker
affinity in either of the MBPs, perhaps due to insufficient
data points at higher concentration range. Therefore, the
parameters obtained from the fitted data in the present
study are assumed to be for the primary site. Thus, the *G
value at subsite 1 of the primary site of MBP-C is 4.09, and
the addition of successive carbohydrate moieties at subsites
2 and 3 increases the free energy by 0.6 and 0.64 kcalmol~1.
Although the extra energy provided by subsites 2 and 3 is
quite small individually, their additive effect resulted in the
K

!
of the trisaccharide binding by MBP-C becoming one

order of magnitude larger than that of MBP-A. Since M
9
-

Asn, the best inhibitor in this study for MBP-C, contains the
high-affinity, linear trisaccharide segment, Mana(1-2)
Mana(1-6)Mana1-OMe, whereas M

5
-Asn does not (see

Table 1, footnote b), it may be reasonable to postulate that
the major portion of the M

9
-Asn interaction with MBP-C

resides in this trisaccharide sequence. This interaction
is perhaps further augmented by the binding of another
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terminal mannose residue on the 3-branch of the core struc-
ture at the weaker second binding site about 25 As away
from the primary site [31] to produce the affinity of Man

9
-

Asn which is stronger than that of the trisaccharide segment.
The K

$
values of the three compounds for MBP-C

(Table 2) are considerably smaller than the corresponding
I
50

values, meaning that the present inhibition assay from
MBP-C considerably underestimates the affinity. Since this
trend would likely hold true for all the compounds, MBP-C
in fact would have, somewhat higher affinity for most of the
Man oligosaccharides in Table 1 than MBP-A. The higher
affinity generated by MBP-C probably results from the
interaction with its extended binding area. The degree of
affinity increase is much dependent on the oligosaccharide
structure. For example, M

9
-Asn exhibited the largest affin-

ity enhancement of 44-fold over Me a-Man, while this factor
for the trimannosyl core structure was only 4.5-fold. Various
naturally occurring Man-rich oligosaccharide structures
and some GlcNAc-substituted core structures would be
expected to show a gradient of affinity toward MBP-C
depending on their fine oligosaccharide structure.
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