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Abstract Glycoprotein gp-340 aggregates bacteria in sali-
va as part of innate defence at mucosal surfaces. We have
detected size- and glycoforms of gp-340 between human
saliva samples (n=7) and lung gp-340 from a proteinosis
patient using antibodies and lectins in Western blots and
ELISA measurements. Western blots of saliva samples, and
of gp-340 purified, from the seven donors using a gp-340
specific antibody distinguished four gp-340 size variants,
designated I to IV (n=2,2,2 and 1). While saliva gp-340
variants I to III had single bands of increasing sizes, variant
IV and lung gp-340 had double bands. Purified I to IV
proteins all revealed a N-terminal sequence TGGWIP upon
Edman degradation. Moreover, purified gp-340 from the

seven donors and lung gp-340 shared N-glycans, sialylated
Galb1-3GalNAc and (poly)lactosamine structures. Howev-
er, the larger size gp-340 grouping II/III (n=4) and smaller
size grouping I/IV correlated with a secretor, Se(+), and a
non secretor, Se(−), dependent glycoform of gp-340,
respectively (p=0.03). The Se(+) glycoforms contained
ABH, Leb , Ley and polylactosamine structures, while the
Se(−) glycoforms lacked ABH antigens but expressed Lea ,
Lex and lactosamine structures. By contrast, lung gp-340
completely lacked ABH, Lea/b , Lex/y or sLex structures.
Gp-340 and secretor typing of saliva from additional donors
(n=29) showed gp-340 glycoforms I to IV for 6, 16, 4 and
0 donors, respectively, and 3 non-typeable donors, and
verified that gp-340 glycoforms I and II/III correlate with
Se(−) and Se(+) phenotypes, respectively (p<0.0001). The
glycoforms of saliva and lung gp-340 mediated differential
aggregation of Leb - (Helicobacter pylori), sialylpolylactos-
amine- (Streptococcus suis) or sialic acid- (Streptococcus
mutans) binding bacteria. In conclusion, variant size- and
glycoforms of gp-340 are expressed by different individuals
and may modulate the biological properties of gp-340
pertinent to health and disease.
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Introduction

Saliva contains a wide range of proteins that bind to bacteria
or toxic molecules as part of innate defence at mucosal
surfaces. While salivary acidic proline-rich polypeptides
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(PRPs) neutralize dietary tannins [22], glycoproteins, such
as secretory IgA (S-IgA) [40], mucins [36] or agglutinins
[10, 37], aggregate micro-organisms in saliva. The
agglutinin which aggregates Streptococcus mutans [10],
implicated in dental caries, was recently identified as a
homologue to the scavenger receptor cysteine rich protein
gp-340 from lung tissues [37]. In saliva, agglutinin/gp-340
is an oligomeric complex with S-IgA [10, 24] and is,
consequently, linked to both innate and immune defences.

Gp-340 and DMBT1 are spliced protein variants encoded
by the dmbt1 gene (deleted in malignant brain tumour, [14,
15, 33]. The dmbt1 gene encodes orthologs in rabbit
(hensin [43]), mouse (CRP-ductin, [29]) and rat (Ebnerine
[23]). The gp-340/DMBT1 proteins contain 14 highly
homologous scavenger receptor cysteine-rich (SRCR)
domains, separated by 13 SIDs (SRCR interspersed
domains), two CUB (Clr/Clq Uegf Bmp1) domains and a
ZP (Zona Pellucida) domain [15]. The SRCR, SID, CUB
and ZP domains participate in protein ligand binding,
oligomerization and pattern recognition [2, 18, 20]. Besides
aggregating micro-organisms, gp-340 activates PMN cells
and macrophages [45] and binds to surfactant proteins D
and A [25], lactoferrin [30], S-IgA [24], MUC5B [44] and
to complement component C1q [5]. Gp-340/DMBT1 may
thus represent pattern recognition receptors in a variety of
host innate defences [20]. The DMBT1 protein is up-
regulated in inflammation and thought to regulate differen-
tiation to proliferation switching processes in gastrointestinal
cells through interactions with the extra cellular matrix [19,
31]. Moreover, DMBT1 is a tumour surveillance or suppres-
sor candidate molecule [31, 33]. Gp-340 and DMBT1
are expressed in the respiratory tract (trachea and lung),
the alimentary tract (stomach, small intestine and salivary
gland) and the brain [15].

Fluid phase gp-340, or derivatives thereof, aggregates a
wide array of pathogenic (e.g. S. mutans, Streptococcus
suis, Streptococcus pyogenes and H. pylori) and commensal
(e.g. Streptococcus gordonii and Streptococcus sanguinis)
bacteria [4, 17, 28, 37] or viruses [11]. Surface phase gp-
340, on the other hand, mediates adhesion of commensal
and cariogenic streptococci to hydroxyapatite surfaces [8,
28]. A microbial pattern recognition by gp-340 is suggested
by (1) the differential recognition by fluid and surface
phase gp-340 of different adhesion phenotypes in a given
streptococcal species [28] and (2) the multiple receptor–
adhesin pairs used by commensal S. gordonii to interact
with gp-340, as opposed to the AgI/II (Pac or SpaP)-
mediated gp-340 interaction for pathogenic S. mutans [17,
28]. Moreover, gp-340-mediated adhesion of S. mutans to
salivary pellicles coincide with caries development and the
PRP profile of saliva [42]. However, little is known about
individual polymorphisms of salivary agglutinin/gp-340 as
relates to bacterial aggregation or adhesion.

Protein polymorphism is a function of variation in both
the protein core and carbohydrate portion of a glycoprotein.
The SRCR-SID region of gp-340/DMBT1 is thought to
define a multi allele system that together with SNP
polymorphisms varies between healthy and cancer subjects
[31, 32]. In human tear fluid two protein variants of
DMBT1 were recently detected and found to differ
somewhat in glycosylation [41]. Gp-340/DMBT1 exhibits
a high density of potential O-glycosylation sites in the
SIDs, and 14 potential N-glycosylation sites, particularly
localized in the CUB and ZP domains [15, 33]. sLex

receptors for selectins on PMN cells exist in salivary
agglutinin/gp-340 [36, 37], and structural analyses have
revealed sialyl-T, disialyl-T, sialylated N-acetyl-lactos-
amine, and sialyl Lea structures in DMBT1 from human
tear fluid [41]. The carbohydrates are mediators of many of
the gp-340-mediated bacterial adhesion and aggregation
reactions, such as sialic acid oligosaccharides for S.
gordonii, S. suis or Actinomyces odontolyticus and Galb1-
3 structures for Actinomyces naeslundii [17, 28]. Moreover,
gp-340 contain Leb blood group antigens for binding of H.
pylori [37]. The expression or lack of expression of ABH
and Lewis blood group antigens on secreted molecules or
mucosal cells is dependent on the Se(+) and Se(−)
phenotypes, which are due to an active or inactive a(1-2)
fucosyltransferase (FUT2) gene, respectively [12, 35].
While H. pylori [16], Candida albicans [3] and Norwalk
virus [26] bind to Se(+) phenotypes, uropathogenic
Escherichia coli [38] binds to Se(−) phenotypes. A
relationship between secretor status and infection suscepti-
bility has accordingly been a long-standing proposal [26].
However, little is known about iso- and glycoforms, or
individual polymorphisms involving the secretor pheno-
type, as relates to agglutinin/gp-340 in saliva.

The aim of this study was to investigate the presence of
variant size- and glycoforms of gp-340 among multiple
individual saliva samples as compared to a lung tissue
sample of gp-340. We found variant size- and glycoforms
of saliva gp-340 with deviating aggregation of bacteria and
that the saliva glycoforms of gp-340 are associated with the
secretor phenotype of the donor.

Materials and methods

Materials All chemicals, unless otherwise stated, were
obtained from Sigma. Antibodies to blood group ABH
antigens, Lex , a-chain or secretory component of S-IgA
and peroxidase conjugated anti-mouse IgG and ortho-
phenylenediamine (OPD) substrate were purchased from
DAKO (Carpinteria, CA) and monoclonal antibodies to
Lea and Leb from Immucor (Rodermark, Germany) or to
Ley from Signet Laboratories (Dedham, MA) or to sLex
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from Seikagagku (Tokyo, Japan). Monoclonal antibody
mAb143 was provided by D. Malamud (University of
Pennsylvania). mAb213-1 was purchased from Antibody-
shop (Gentofte, Denmark) and horseradish peroxidase-
conjugated goat anti-mouse IgG from Nordic Biosite
(Stockholm, Sweden). All biotinylated lectins, except for
Tomato and MAA, were from Vector Laboratories
(Burlingame, CA). Streptavidin conjugated peroxidase
and chemiluminescence SuperSignal substrate were from
Pierce (Rockford, IL).

Bacterial strains and culturing H. pylori strain 17-1
(CCUG17875), provided by T Borén (Umeå University),
was cultured in 5% O2 and 10% CO2 on Brucella agar
plates over night at 37°C [16]. S. mutans strains Ingbritt
and LT11 [28] and S. suis KU5 [27], provided by J. Finne
(Åbo University), were grown in Jordans broth at 37°C
overnight as described [28]. E. coli MS 506 [46], provided
by AWold (Göteborg University), was cultured in LB broth
containing 10 μg/ml tetracycline. Lactococcus lactis strains
expressing Pac or SpaP were constructed and cultured as
described [17].

Collection of saliva Parotid saliva was collected on ice as
ductal secretions from various donors using Lashley cups
and acid stimulation. The saliva samples were either used
immediately or stored at −80°C prior to the experiments.

Purification of agglutinin/gp-340 from individual or pooled
saliva samples Fresh samples of parotid saliva from the
individual donors A to G (each 50–100 ml) or pooled
from multiple donors (about 1 litre) were used for
purification of gp-340 as previously described [37]. Briefly,
equal volumes of a S. mutans Ingbritt suspension (5×109

cells/ml) and parotid saliva diluted 1:1 in 10 mM phosphate
buffered saline (PBS, K2HPO4/KH2PO4, 150 mM NaCl),
pH 6.8, were mixed and aggregated at 37°C for 60 min.
After release of agglutinin/gp-340 by 50 mM EDTA from
the pelleted aggregates, gp-340 was purified using gel
filtration (Superdex 200 26/60: Pharmacia, Uppsala,
Sweden). The gp-340-containing void volume was ana-
lysed for purity and amount by SDS-PAGE and densi-
tometry of Coomassie blue-stained gels and by the DC
Protein Assay (Bio-Rad laboratories, Hercules, CA).

Purification of gp-340 from lung lavage Lung gp-340 was
purified from human brochioalveolar lavage from a patient
(donor H) suffering from pulmonary alveolar proteinosis
obtained by centrifugation of one litre of lavage was
dissolved in buffer containing 10 mM EDTA, dialyzed
and purified by sequential separation on a column of
Mono-Q Fast Flow followed by a Resource Q column and
finally by gel filtration on a Superose 6 prepgrade column.

The purified gp-340 was analysed for purity by gel
filtration and for protein concentration by adsorption at
280 nm.

N-terminal sequence analysis of gp-340 I to IV glycoforms
The purified gp-340 I to IV saliva glycoforms were
analyzed by Edman degradation using an Applied Bio-
systems Procise HT sequencer instrument.

Carbohydrate composition analysis The carbohydrate com-
position of gp-340 was determined by high pH anion-
exchange chromatography on a Dionex HPLC system
equipped with a pulsed amperometric detector (Dionex,
Sunnyvale, CA) as described [21].

SDS-PAGE and molecular mass estimation Saliva and gp-
340 samples were separated by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) on
premade 5% or 4–15% polyacrylamid gels (Bio-Rad). The
running buffer was 25 mM Tris, 192 mM glycin, 0.1% SDS,
pH 8.3. Samples were reduced by heating at 100°C for
5 min in 5 mM DTT and sample buffer (62.5 mM Tris,
10.1% glycerol, 2% SDS, 0,01% pyronin). Unreduced
samples were heated in sample buffer. Proteins were stained
by Coomassie, glycan detection according to the manu-
facters instructions (Roche, Mannheim, Germany) or by
immunoblotting.

The molecular masses of the saliva gp-340 variants I to
IV were estimated from 5% SDS-PAGE gels immunoblot-
ted with mAb143 using the Rainbow RPN800 molecular
mass markers 250, 160, 105 and 75 kDa and the Gel-Pro
Analyzer 3.1 software.

Immunoblotting with antibodies or lectins After SDS-
PAGE, samples were transferred to an Immobilon-P
transfer membrane, pore size 0.45 μm, (Millipore, Billerica,
MA) using 65 mA/membrane for 60 min for detection with
antibodies or lectins (Table 1).

The membranes intended for antibody detection were
blocked with 5% non fat dried milk in TBS-T (50 mM
Tris, 150 mM NaCl and 0.05 % Tween 20), pH 7.4,
overnight at 4°C. The membranes were then incubated for
1 h with either mAb143 (1:100000), mAb213-1 (1:250),
anti a-chain (1:2000) or anti secretory component
(1:1000) in TBS-T with 5% non fat dried milk or with
Lea (1:200), Leb (1:200) in 10 mM PBS-T (Na2HPO4/
NaH2PO4×H2O, 150 mM NaCl, 0,05% Tween-20),
pH 7.2, with 1% BSA. The membranes were washed four
times in TBS-T, followed by 1 h incubation with
horseradish peroxidase-conjugated goat anti-mouse IgG
antibodies in TBS-T containing 5% non fat dried milk,
with the exeption for Lex and Ley where 10 mM PBS,
pH 7.2, with 1% BSA was used. The membranes were
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washed four times. Bands were detected using chemilumi-
nescence SuperSignal substrate (Pierce, Rockford, IL).

The membranes intended for detection with a panel of
lectins (selected based on low background binding) were
blocked with 3% BSA in 10 mM PBS-T, pH 7.2, overnight
at +4°C. The membranes were incubated with biotinylated
lectins UEA, 1,0 μg/ml; RCA-1, 0.25 μg/ml; ACA,
0.025 μg/ml or ConA, 0.1 μg/ml in lectin buffer (10 mM
PBS pH 7.2, 0.1 mM CaCl2, and 0.01 mM MgCl2). The
membrane was washed four times in 10 mM PBS-T.
Detection of bound lectins was done using streptavidin
conjugated peroxidase, in 10 mM PBS, pH 7.2, with 1%
BSA, followed by chemiluminescence SuperSignal Sub-
strate (Pierce, Rockford, IL).

Saliva gp-340 I to IV phenotyping Typing of saliva samples
into the gp-340 I to IV phenotypes was done by separation of
unreduced samples on 5% gels and immunoblotting with
mAb143. Saliva from donors showing stable gp-340 I to III
banding patterns served as typing references. The majority of
gp-340 I to IV phenotypes, including all I and III
phenotypes, was distinguished in a single electrophoresis
analysis. Some phenotypes, in particular II, required one or
two additional electrophoresis runs to be distinguished from
III, and for three non typeable saliva samples the gp-340
banding patterns could not be classified into the variant I to
IV proteins.

ELISA-like analysis Antibody and lectin mapping (Table 1)
of gp-340 was done in an ELISA-like fashion. A volume
(200 μl, 0.2 μg/ml) of purified gp-340 dissolved in 50 mM
carbonate buffer (Na2CO3/NaHCO3), pH 9.6, was coated on
a 96-well Nunc-immuno™ microtiter plate with Maxi-
Sorp™ surface (Roskilde, Denmark) and agitated overnight
at 4°C. After six washes with 10 mM PBS-T, pH 7.2,
unspecific binding sites were blocked with 0.5% BSA in
PBS-T for 1 h at room temperature. After six washes of the
plates with PBS-T, antibodies to antigens A (1:25), B (1:25),
H (1:1000), Lea (1:25), Leb (1:50), Lex (1:25), Ley (1:50)
or sLex (1:1000) or biotinylated lectins (2, 0.2 and
0,02 μg/ml) in lectin buffer were added. After incubation
for 4 h at room temperature, the wells were washed six
times with PBS-T and horseradish peroxidase-conjugated
goat anti-mouse IgG or peroxidase conjugated streptavidin,
both diluted 1:4000, were added. After 1 h incubation at
room temperature, plates were washed six times with PBS-T
and OPD dissolved in substrate buffer (0,05 M Citric acid,
0.10 M Na2HPO4), pH 5.0, were added. The reaction was
arrested with 4.5 M H2SO4 and scored by measuring the
absorbance at 490 nm:—marks an absorbance 0–0.5, +0.5–
1.0, ++1.0–2.0, +++2.0–3.0 and ++++ an absorbance >3.0.

Secretor typing of parotid salivas Parotid salivas, diluted
1:10 in PBS, were secretor typed using the ELISA method
and anti H- (cross-reacting with A and B antigens), Lea -
and Leb - antibodies (Table 1). Se(+) and Se(−) salivas
were defined as Le(b+) and ABH(+) or Le(a+) and ABH
(−), respectively.

Aggregation of bacteria by gp-340 Aggregation of bacteria
by gp-340 was measured as described [28, 37]. Briefly,
washed bacterial cells were suspended in 10 mM PBS,
pH 6.8, supplemented with 1 mM CaCl2 to give an optical
density at 700 nm [OD700] of 1.0. Gp-340 was added at a
final concentration of 1 μg/ml. Aggregation was recorded
by measuring the OD700 at 1-min intervals over 90 min with
a Beckman DU-50 series spectrophotometer. The extent of
aggregation was expressed as a percentage after 60 min and

Table 1 Lectin and antibodies used in the present study

Sugarsa Lectin/antibody Specificitya

Lectin
N-linked
glycans

PHA-E Mannose-containing N-glycans
PHA-L Mannose-containing N-glycans
PSA Mannose-containing N-glycans

with core fucose
LCA Mannose-containing N-glycans

with core fucose
ConA Mannose-containing N-glycans

O-linked core 1 PNA Galb1-3GalNAc
ACA SiaGalb1-3GalNAc

Gal/GalNAc DBA GalNAca1-(3GalNAcb−)
GSL I Gal(NAc)a−
SBA Gal(NAc)
SJA Galb1-3/4GalNAcb−
RCA-1 Galb1-4GlcNAc

GlcNAc WGA GalNAca/GlcNAc/Sia
sWGA

Polylactosamine Tomato (Galb1-4GlcNAcb1-3)n
Fucose UEA-1 Fuca1-2Gal
Sialic acid SNA Siaa2-6

MAA II Siaa2-3
Antibody
A 81FR2.2 GalNAca1-3(Fuca1-2)

Galb1-3/4GlcNAc
B E37 Gala1-3(Fuca1-2)Galb1-3/

4GlcNAc
H 92FR-A2 Fuca1-2Galb1-3/4GlcNAc
Lea LM112/

161
Galb1-3(Fuca1-4)GlcNAc

Leb LM129/
181

Fuca1-2Galb1-3(Fuca1-4)
GlcNAc

Lex C3D-1 Galb1-4(Fuca1-3)GlcNAc
Ley F3 Fuca1-2Galb1-4(Fuca1-3)

GlcNAc
SLex KM-93 Neu5Aca1-2Galb1-4(Fuca1-3)

GlcNAc

a Sugar or sequence recognized by the lectin or antibody.
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evaluated with the formula t0 at A700 � t60 at A700ð Þ=t0 at½
A700� � 100.

Results

Different size-variants of gp-340 in saliva and lung
secretions Western blots of parotid saliva from seven
donors (A to G) probed with mAb143 (directed to the gp-
340 protein core) revealed four different size-variants of gp-
340, designated I to IV (Fig. 1a). I to III had single broad
bands of about 345, 375 and 389 kDa masses, respectively,
and variant IV a double band (345 and 287 kDa). The same
banding patterns occurred for purified gp-340 from the
same donors when stained for carbohydrates, although
variants I to III stained stronger than IV (Fig 1b). The same
banding patterns also occurred when the purified gp-340
proteins were stained with mAb143, except that the lower
band of the variant IV double band was hard to detect
(Fig. 1c).

Gp-340 was also purified from lung lavage of a
proteinosis patient (donor H) and separated on 5% gels,
Western blotted and reacted with mAb143 or stained for
carbohydrates (Fig. 1b and c). Lung gp-340 behaved
similarly to the saliva gp-340 variant IV in its double band
character, migration and low carbohydrate content (Fig. 1b
and c).

Identical N-terminal sequences for gp-340 variants
I to IV Edman degradation of all gp-340 variants I to IV
purified from saliva revealed similar data. For each, the N-
terminal sequence TGGWIP was found which corresponds
to a start at residue 20 of the amino acid sequence deduced
from cDNA data [15].

Saliva gp-340 variants I to IV share core carbohydrates To
compare the glycosylation of gp-340 from the different
donors, the purified gp-340 proteins were coated on
microtiter wells and probed with lectins and antibodies in
an ELISA-assay (Tables 1 and 2). All gp-340 preparations
from donors A to G carried sialylated Galb1-3GalNAc
(ACA), a2-6 and a2-3 -linked sialic acids (SNA and MAA,
respectively) and N-glycans (e.g. PHA-E and ConA).
Moreover, all gp-340 preparations carried type 2 lactos-
amine or polylactosamine structures (RCA-1 and Tomato
lectin, respectively) and stained positive with ABH, Lea/b ,
Lex/y or sLex specific antibodies, verifying the presence of
fucosylated type 1 and 2 lactosamine or polylactosamine
structures in saliva gp-340. The most abundant sugars were
sialylated Galb1-3GalNAc (ACA), lactosamine (RCA-1),
mannose-containing N-glycans (PHA-E) and sialic acid
(SNA), as only the ACA, RCA-1, PHA-E and SNA lectins

stained gp-340 also at 10 to 100-fold lower lectin
concentrations (data not shown). None of the gp-340
preparations except for donor B showed moderate staining
with PNA specific for Galb1-3GalNAc or with SJA specific
for Galb1-3/4GalNAc.

Saliva gp-340 size variants coincide with different
glycoforms The saliva gp-340 variant groupings II/III and
I/IV each displayed a particular glycoform (Table 2), related
to the secretor status of the donor as determined by ABH
and Le antigen typing of parotid salivas from the A to G
donors [35]. Thus, the donors C/D and E/F with variant II
and III, respectively, were all typed as Se(+) and their gp-
340 carried the expected ABH and Leb , whereas donors A,
B and G with the smaller gp-340 I and IV proteins were Se
(−) and their gp-340 did not express ABH and Leb but Lea

instead (p=0.03) (Table 2). However, the gp-340 variant II
from the Se(+) donor D carried ABH but not Leb , Lex or
sLex . Moreover, the secretor glycoforms of gp-340 stained
generally well with the fucose specific UEA-1 lectin, PHA-
L and Ley antibodies or with the polylactosamine specific
Tomato or terminal GalNAca-specific GSL1 and SBA
lectins. By contrast, the non secretor gp-340 glycoforms
stained generally less, if at all, with the same lectins, and
the gp-340 variant I proteins stained comparably well with
LCA specific to mannose and with Lex antibodies.

The different glycosylations of the purified saliva gp-340
variant I to IV proteins from donors A to G were confirmed
in Western blots with selected lectins (UEA-1 and RCA-1)
or antibodies (anti Lea and Leb ) (Fig. 2). Accordingly,
while the Leb antibody selectively bound gp-340 II and III
proteins except for gp-340 from the Le(a-b-) donor D, the
Lea antibody primarily bound gp-340 variant I and IV
proteins. Similarly, UEA-1 and RCA-1 detected the appro-
priate gp-340 variant, and some further banding heterogene-
ity in gp-340 (e.g. IIIE staining with RCA), but no other
protein bands except for a weak staining by UEA-1 of a
yet unidentified protein component. Thus, gp-340 is the
primary target recognized by lectins or antibodies.

Prevalence of the gp-340 variant proteins I to IV and
dependence on secretor status of the donor To estimate the
prevalence of the gp-340 variants I to IV among parotid
saliva donors, saliva samples from additional donors (n=
29) were classified as gp-340 I to IV phenotypes using
Western blots with mAb143 (Fig. 1a). Twenty six of the
donors could be classified and 6 had variant I, 16 variant II
and 4 variant III. The remaining three donors had unique
patterns not typeable as I, II, III or IV proteins. Some
variant II and III phenotypes required repeated runs to be
distinguished.

To verify the correlation between gp-340 variant I to III
proteins and secretor status, we secretor typed the gp-340 I
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Table 2 Binding of lectins and antibodies to saliva gp-340 variants I to IV and to lung gp-340

Sugars Lectind /antibody Gp-340 variantsabc

I II III IV Lung gp-340

A (Se−) B (Se−) C (Se+) D (Se+) E (Se+) F (Se+) G (Se−)

N- linked glycans PHA-E ++++ ++++ ++++ ++++ ++++ ++ ++++ ++++
PHA-L – – +++ +++ ++ – – –
PSA +++ ++++ ++++ ++ ++++ + ++ ++++
LCA +++ +++ ++ ++ ++ – + ++++
ConA ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++

O-linked core 1 PNA – ++ – – – – – –
ACA ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++

Gal/GalNAc DBA + +++ ++++ ++ ++++ ++ + +
GSL I ++ ++ ++++ ++++ ++++ ++++ ++ –
SBA + ++ ++++ ++++ ++++ – + –
SJA – – – + + – – +
RCA-1 ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++

GlcNAc WGA ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++
sWGA – – – ++ ++ – – +

Polylactosamine Tomato ++ ++ ++++ ++++ +++ + +++ +++
Fucose UEA-1 – – ++++ ++++ ++++ ++++ – –
Sialic acid SNA ++++ ++++ ++++ ++++ ++++ ++++ ++++ ++++

MAA ++++ ++ ++++ +++ +++ ++++ + ++++
A 81FR2.2 – – – – ++ – – –
B 3E7 – – – + – – – –
H 92FR-A2 – – ++++ + ++++ +++ – –
Lea LK112/161 +++ ++ – – – + ++++ –
Leb LM129/181 – – ++++ – ++ ++++ – –
Lex C3D-1 ++ + – – – + – –
Ley F3 – – ++++ ++ ++++ ++++ – –
Slex KM-93 ++++ +++ +++ – +++ +++ ++ –

a – marks no binding, + weak, ++ moderate, +++ strong and ++++ very strong binding (see Materials and methods).
b Purified gp-340 variant I to IV proteins from parotid saliva of different donors, A to G.
c Secretor status, Se(+) or Se(−), as defined by the ABH and Lewis antigen profile of the donor saliva.
d Results from 2 μg/ml of lectin. At 0.2 μg/ml and 0.02 μg/ml of lectin, only RCA-1, ACA, SNA and PHA-E were capable of staining the gp-340
preparations.

Fig. 1 Size-variants of gp-340 in saliva and lung secretions. Size variants of saliva gp-340, designated I to IV, between human donors (A, C, E
and G) and banding pattern of lung gp-340 from a proteinosis patient (marked lung). Unreduced parotid saliva and purified gp-340 samples from
the saliva and lung donors were separated by SDS-PAGE on 5% gels, Western blotted and stained with mAb143 or glycan detection. Arrows mark
the positions of the 250 and 160 kDa molecular mass markers
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to III saliva phenotypes (n=26) by ABH and Le antigen
typing of their parotid saliva’s. All gp-340 I saliva
phenotypes (n=6) except for one Se(+) donor were
classified as Se(−) subjects (5 out of 6), and all gp-340 II
and III saliva phenotypes were classified as Se(+) subjects
(20 out 20) (p<0.0001).

Saliva gp-340 I to III variants differ in aggregation
of bacteria To identify differences in aggregation of
bacteria by the gp-340 variant I to III proteins, pure gp-
340 I to III proteins from donors B to E were tested for
ability to aggregate a panel of bacteria (Fig. 3). While S.
suis KU5 with specificity for sialylpolylactosamine was
aggregated in the order of variant IICD > IIIE and IB, H.
pylori 17-1 with specificity for Leb was aggregated with
the Le(b+) glycoforms IIC, IID and IIIE but not with
Le(b−) glycoform IB. By contrast, S. mutans Ingbritt and
Lactococcus lactis expressing Pac or SpaP (AgI/II) poly-
peptides from S. mutans were aggregated to a similar extent
by the gp-340 I to III proteins. E. coli 506 with specificity
for high mannose N-glycans was not aggregated by gp-340
I to III proteins (data not shown).

Glycosylation and bacteria-binding properties of lung
gp-340 from a proteinosis patient We next investigated
the glycosylation of lung gp-340 from a proteinosis patient
by analysing its monosaccharide composition and lectin
and antibody staining patterns (Tables 2 and 3). Lung gp-
340 had a lower saccharide content than saliva gp-340
(variant II from donor D) and a high relative content of
Man but lower Fuc/GlcNAc and Gal/GalNAc ratios
(Table 3). Thus, the lung gp-340 preparation may differ in
its relative content of mannose-containing N-glycans and
short chain core 1 type or fucosylated (poly)lactosamine
saccharides.

The presence of N-glycans in lung gp-340 was verified by
its staining with mannose specific lectins (PHA-E, ConA,
PSA and LCA), although lung gp-340 was more strongly
stained by the PSA and LCA lectins than saliva gp-340
(Table 2). Moreover, both lung and saliva gp-340 carried
sialylated Galb1-3GalNAc (ACA), but not Galb1-3GalNAc
(PNA), verifying sialylated core 1 O-glycans in both
preparations. Moreover, both lung and saliva gp-340 carried
type 2 lactosamine or polylactosamine (RCA-1 and Tomato
lectin, respectively) and a2-6 and a2-3 linked sialic acid
(SNA and MAA, respectively) structures. By contrast, lung
gp-340 differed from saliva gp-340 in not carrying terminal
GalNAca (GSL1 or SBA) or fucose (UEA-1) residues, and
the absence of fucosylated lactosamine structures in lung gp-
340 was verified by its lack of staining with ABH and Lewis
blood group antigen specific antibodies. Accordingly, lung
gp-340 was not stained by any antibody specific for ABH,
Lea/b , Lex/y or sLex antigens.

We next compared the ability of lung and saliva gp-340
(variant II from donor D) to aggregate strains of S. mutans,
S. suis and S. gordonii with different receptor or gp-340
binding specificities [28] (Table 4). Lung and saliva gp-340

Fig. 2 Overlay of gp-340 purified from saliva donors A to G with
lectins or antibodies. Unreduced samples were separated on 4–15%
SDS-PAGE gels, Western blotted and reacted with lectins or anti-
bodies. Variant I to IV proteins and donors are indicated at the bottom
of each overlay. The arrow marks the 250 kDa molecular mass marker
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proteins aggregated S. mutans Ingbritt with a sialidase-
sensitive gp-340 interaction similarly, while only saliva gp-
340 aggregated S. mutans LT11 with a sialidase-insensitive
gp-340 interaction. Similarly, both saliva and lung gp-340
aggregated S. suis 836 with a Gala1-4Gal specificity, while
only saliva gp-340 aggregated S. suis KU5 with a
polylactosamine specificity. Lung and saliva gp-340 aggre-
gated strains of S. gordonii belonging to three different gp-
340 interaction modes similarly.

Both gp-340 monomer and S-IgA are glycosylated
components present in the gp-340/agglutinin complex
Agglutinin/gp-340 is suggested to be an oligomeric
complex of gp-340 and S-IgA in saliva [24]. To verify the

presence of glycosylated gp-340 monomers and S-IgA
components in the agglutinin/gp-340 complex, gp-340
purified from multiple saliva donors was analysed in
Western blots using specific antibodies and lectins under
non-reducing and reducing conditions (Fig. 4, Table 5).
Both gp-340 monomer and S-IgA, but no other protein
components, were detected in the agglutinin/gp-340 com-
plex by the antibodies and lectins (Fig. 4). While some
lectins (ACA, GSL1 and RCA-1) stained the gp-340
monomer under both conditions, other lectins (UEA-1,
WGA and PSA) stained gp-340 under non-reducing
conditions only. Moreover, the mannose specific PSA,
PHA-E, LCA and ConA lectins stained the heavy chain and
secretory component of S-IgA under reducing conditions.

Table 3 Sugar composition of
gp-340 from saliva and lung
lavagea
aMeasured by high pH anion-
exchange chromatography.
b Donor IIC.

Sample Total saccharides (nmol) Gal % GlcNAc % GalNAc % Fuc % Man %

Parotid gp-340b 132.9 28.8 30.2 7.1 30.0 3.9
Lung gp-340 6.9 55.1 13.0 21.7 0 10.1
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Fig. 3 Aggregation of bacteria by gp-340 variant I to III proteins
from individual saliva donors. Aggregation of bacteria was done by
mixing gp-340 (1 μg/ml) and bacterial cells (OD700 of 1.0). The

individual saliva donors (B, C, D, E) are indicated. L. Lactis
expressing Pac or SpaP generated similar results
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These findings verifies that the saliva agglutinin/gp-340
complex contains both glycosylated gp-340 monomer and
S-IgA components.

Discussion

The present results suggest the presence of different size-
and glycoforms of gp-340 among individual saliva’s, and
that the saliva glycoform for groupings II/III and I
correlate with the secretor and non secretor type of
glycosylation, respectively. Moreover, the size- and glyco-
forms of gp-340 aggregated certain bacterial ligands
differently. These findings, taken together with the various

gp-340/DMBT1 innate properties and long standing
proposal for a role of secretor status in infection
susceptibility, suggest a potential role for gp-340/DMBT1
polymorphisms not only in cancer but also in susceptibil-
ity toward infectious diseases.

The gp-340 glycoform groupings II/III and I of multiple
subjects (donors A to F and the additional 26 donors)
correlated with secretor Se(+) and a non secretor Se(−)
status, respectively. Accordingly, the proportion of gp-340 I
versus II/III among the 26 donors (23%/77%) coincides
with the prevalence of Se(−)/Se(+) subjects (20%/80%)
with an inactive and active FUT2 fucosyltransferase,
respectively [26]. The gp-340 IV double band observed in
saliva from donor G, on the other hand, was difficult to
verify with purified gp-340 protein or among multiple
saliva donors. Although the predominant gp-340 I to III
size variants displayed the same N-terminal sequences, and
coincided with Se dependent glycoforms, further studies are
required to exclude the involvement also of genetic and
other protein polymorphisms. The double bands of saliva
variant IV and lung gp-340 may result from splice variation
or post-translational proteolysis. Moreover, whether other
tissues expressing gp-340 and FUT2 or other glycosyl-
transferases also harbour subject specific size- and glyco-
forms of gp-340 remains unknown. Similar to previously
typed salivary proteins from Se(+) and Se(−) subjects
[35], the Se(+) glycoform of gp-340 was ABH, Le(b+) and
Le(y+) and the Se(−) glycoform ABH negative but Le(a+)
and Le(x+). Moreover, the Se(+), as opposed to the Se(−),

Fig. 4 Overlay of gp-340 purified from multiple saliva donors with S-
IgA or gp-340 specific reagents under non reducing (nR) or reducing
(R) conditions. Samples were separated on 4–15% SDS-PAGE gels,
Western blotted and reacted with ACA, ConA lectins, anti gp-340
(mAb213-1) or anti a−chain S-IgA antibodies, as indicated. The
arrow marks the position of the secretory component of S-IgA

Table 5 Overlay of agglutinin/gp-340 with lectins

Lectin/Antibody Treatment Binding toa

Gp-340 scb α-chainb

ACA Unreduced + – –
reduced + – –

GSL I unreduced + – –
reduced + – –

RCA-1 unreduced + – –
reduced + – –

UEA-1 unreduced + – –
reduced – – –

WGA unreduced + – –
reduced – – –

PSA Unreduced + – –
reduced – + +

PHA-E unreduced – – –
reduced – + +

LCA unreduced – – –
reduced – + +

ConA unreduced – – –
reduced – + +

a – marks no binding and + distinct binding to purified gp-340.
b Secretory component, sc, and α-chain of S-IgA.

Table 4 Aggregation of bacteria by lung gp-340

Receptor
sugar

Bacteria Aggregationa

Saliva gp-340b Lung gp-340

Sialic acid S. mutans IBc 56 51
Unknown S. mutans LT11 51 7
sLex /3′SLc S. gordonii DL1 37 40
Sialic acid S. gordonii SK12 5 2
Sialic acid S. gordonii M5 27 35
Sia2-3PLc S. suis KU5 60 3
Gal!1-4Gal S. suis 836 81 77

a Numbers represent the percentage of aggregating cells, measured by
decrease in OD700, of the total number of added bacterial cells.
b Saliva gp-340 variant II from subject D.
c 3′SL=Sialyl!2-3lactose, Sia2-3PL=sialyl!2-3polylactosamine, IB=
Ingbritt.
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glycoforms of gp-340 generally were rich in polylactos-
amine, N-glycans recognized by PHA-L and GalNAca
structures. Although this could suggest extensive differences
in FUT2-related glycosylation patterns between gp-340
groupings I and II/III, we do not know the carbohydrate
and/or protein polymorphisms generating the gp-340 size
variants II and III. Nevertheless, the selective detection of the
Se(+) dependent gp-340 glycoform by PHA-L is interesting
in view of its T lymphocyte mitogenic activity [6], and that
the SRCR protein WC1/T19 shows a differential utilization
of SRCR domains on different T cell populations [34]. It
has previously been shown that the secretor dependent
ABH and Lewis antigens are selectively expressed on
salivary mucin MG1 [35] and, as presently shown, on
salivary gp-340. Gp-340 and MG1 may accordingly
constitute the primary ABH and Lewis antigen-carrying
molecules in saliva. Hypothetically, the ABH and Lewis
antigens could be selectively expressed on particular
SRCR/SID domains or other domains of gp-340.

Salivary gp-340 interacts with micro-organisms in a
pattern recognition-like fashion, and the present results show
a differential aggregation of bacteria by the size- or glyco-
forms of gp-340. The Se(+) gp-340 glycoforms II and III
with Leb and polylactosamine structures, but not the Se(−)
glycoform I, aggregated H. pylori and S. suis with Leb and
polylactosamine specificity, respectively. By contrast, the
variant I, II and III proteins aggregated S. mutans and
lactococci expressing AgI/II adhesins similarly, suggesting
a shared gp-340 carbohydrate or peptide receptor motif.
There are further arguments for a potential role of size- and
glycoforms of gp-340 in individual host defences and
disease susceptibility. First, since gp-340 and DMBT1
interacts with bacterial and epithelial cells and with immune
or innate effector cells or molecules, size- or glycoforms of
gp-340/DMBT1 could influence the host defence system at
multiple levels. Second, the Se(+) or Se(−) glycosylation
modes are known to correlate with infection susceptibility
as proposed for gastritis by H. pylori [16], candidosis by C.
albicans [3], urinary tract infections by E. coli [38] and for
viral infections [26]. Actually, Se(−) subjects homozygously
recessive for the a(1-2)fucosyltransferase gene (FUT2) are
resistant to Norwalk virus infections as well as lack binding
of the virus by saliva [26]. The mechanisms for an
involvement of secretor status in infection susceptibility
may besides aggregation or adhesion of microbes reside in
deviating behaviours of innate molecules such as gp-340.
Third, dental caries coincides with secretor status and caries
prone subjects are non secretor phenotypes [1, 13]. Caries
prone subjects differ in saliva mediated adhesion of S.
mutans to hydroxyapatite surfaces, a phenomenon involving
agglutinin/gp-340, and, consequently, susceptibility to caries
may involve gp-340 polymorphisms and misbehaviours at
the pellicle adhesion or other innate defence levels. In future

studies we will evaluate such potential roles of gp-340 size-
or glycoforms in biofilm formation and susceptibility to
infectious diseases.

The present study suggests still further aspects about
agglutinin/gp-340 and its glycosylation. First, while
saliva gp-340 contains fucosylated blood group antigens
and the sialyl Lex leukocyte homing receptor, lung gp-340
from a proteinosis patient was totally devoid of ABH and
Lewis related antigens. At present, however, we do not
know if this absence of ABH and Lewis antigens in lung
gp-340 relates to a tissue specific glycosylation or splice
variation or to the proteinosis disease of the donor. Second,
both the gp-340 monomer and S-IgA are glycosylated
components present in the agglutinin/gp-340 complex from
saliva, as Western blotting with antibodies and lectins
primarily detected gp-340 monomer or S-IgA components.
At present, however, we can not fully exclude the presence
of additional minor glycoproteins in the native agglutinin/
gp-340 complex, but suggest that both gp-340 and S-IgA
contribute to its mosaic of carbohydrates. Third, some
carbohydrate and S-IgA epitopes or components, however,
may be cryptic in the gp-340/agglutinin complex. Such a
cryptic nature of PNA binding sites may be suggested from
our previous notion of binding of PNA to salivary S-IgA in
Western blots [7] but present lack of binding of PNA to
most gp-340/agglutinin preparations in ELISA. Similarly,
the inability of gp-340/agglutinin to aggregate mannose-
and S-IgA-binding E. coli may reflect epitope masking, or
particular requirements of the mannose specific adhesin.
Inter- or intramolecular interactions or foldings may mask
S-IgA or carbohydrate epitopes in gp-340/agglutinin,
although various ligand or surface interactions of gp-340/
agglutinin may unmask and functionally activate the same
components [39]. Such a cryptic and dynamic behaviour
of carbohydrates have been reported for both S-IgA [39]
and for agglutinin/gp-340 [28], which exposes different
carbohydrate receptors in fluid as opposed to surface phase
[28]. Finally, even though the DMBT1/gp-340 protein
has been expressed as a recombinant glycoprotein [9], the
present findings with S-IgA and size and glycoforms of gp-
340 stresses the importance of also studying the native
protein or protein complex in resolving the structure and
biology of gp-340/DMBT1.

Acknowledgements This work was supported by grants from the
Swedish Medical Research Council (9106 and 2003-3616), the
Wellcome Trust (064832), the Wallenberg Consortium North
(WCN), and the County of Västerbottens läns landsting. VL was
supported by a European Union Marie Curie Fellowship and LF by a
fellowship from GLIBS. Ella Cederlund and the Protein Analysis
Center (PAC) at Karolinska Institutet are greatly acknowledged for the
amino acid sequence analysis, and Ulla Öhman for assistance in other
experimental parts.

140 Glycoconj J (2007) 24:131–142



References

1. Arneberg, P., Kornstad, L., Nordbo, H., Gjermo, P.: Less dental
caries among secretors than among non-secretors of blood group
substance. Scand. J. Dent. Res. 84, 362–366 (1976)

2. Aruffo, A., Bowen, M.A., Patel, D.D., Haynes, B.F., Starling, G.
C., Gebe, J.A., Bajorath, J.: CD6-ligand interactions: A
paradigm for SRCR domain function? Immunol. Today 18,
498–504 (1997)

3. Ben-Aryeh, H., Blumfield, E., Szargel. R., Laufer, D., Berdicevsky,
I.: Oral Candida carriage and blood group antigen secretor status.
Mycoses. 38, 355–358 (1995)

4. Bikker, F.J., Ligtenberg, A.J., End, C., Renner, M., Blaich, S., Lyer,
S., Wittig, R., van’t Hof, W., Veerman, E.C., Nazmi, K., de Blieck-
Hogervorst, J.M., Kioschis, P., Nieuw Amerongen, A.V., Poustka,
A., Mollenhauer, J.: Bacteria binding by DMBT1/SAG/gp-340 is
confined to the VEVLXXXXW motif in its scavenger receptor
cysteine-rich domains. J. Biol. Chem. 279, 47699–47703 (2004)

5. Boackle, R.J., Connor, M.H., Vesely, J.: High molecular weight
non-immunoglobulin salivary agglutinins (NIA) bind C1Q glob-
ular heads and have the potential to activate the first complement
component. Mol. Immunol. 30, 309–319 (1993)

6. Boldt, D.H., MacDermott, R.P., Jorolan, E.P.: Interaction of plant
lectins with purified human lymphocyte populations: Binding
characteristics and kinetics of proliferation. J. Immunol. 114,
1532–1536 (1975)

7. Bratt, P., Borén, D., Borén, T., Strömberg, N.: Secretory
immunoglobulin A heavy chain presents Gal"1-3GalNAc binding
structures for Actinomyces naeslundii genospecies 1. J. Dent. Res.
78, 1238–1244 (1999)

8. Carlen, A., Bratt, P., Stenudd, C., Olsson, J., Strömberg, N.:
Agglutinin and acidic proline-rich protein receptor patterns may
modulate bacterial adherence and colonization on tooth surfaces.
J. Dent. Res. 77, 81–90 (1998)

9. End, C., Lyer, S., Renner, M., Stahl, C., Ditzer, J., Holloschi, A.,
Kuhn, H.M., Flammann, H.T., Poustka, A., Hafner, M., Mollenhauer,
J., Kioschis, P.: Generation of a vector system facilitating cloning of
DMBT1 variants and recombinant expression of functional full-
length DMBT1. Protein Expr. Purif. 41, 275–286 (2005)

10. Ericson, T., Rundegren, J.: Characterization of a salivary
agglutinin reacting with a serotype c strain of Streptococcus
mutans. Eur. J. Biochem. 133, 255–261 (1983)

11. Hartshorn, K.L., White, M.R., Mogues, T., Ligtenberg, T.,
Crouch, E., Holmskov, U.: Lung and salivary scavenger receptor
glycoprotein-340 contribute to the host defense against influenza
A viruses. Am. J. Physiol., Lung Cell. Mol. Physiol. 285, L1066-
L1076 (2003)

12. Henry, S., Oriol, R., Samuelsson, B.: Lewis histo-blood group
system and associated secretory phenotypes. Vox Sang. 69, 166–
182 (1995)

13. Holbrook, W.P., Blackwell, C.C.: Secretor status and dental caries
in Iceland. FEMS. Microbiol. Immunol. 1, 397–399 (1989)

14. Holmskov, U., Lawson, P., Teisner, B., Tornoe, I., Willis, A.C.,
Morgan, C., Koch, C., Reid, K.B.: Isolation and characterization
of a new member of the scavenger receptor superfamily,
glycoprotein-340 (gp-340), as a lung surfactant protein-D binding
molecule. J. Biol. Chem. 272, 13743 – 13749 (1997)

15. Holmskov, U., Mollenhauer, J., Madsen, J., Vitved, L., Gronlund,
J., Tornoe, I., Kliem, A., Reid, K.B., Poustka, A., Skjodt, K.:
Cloning of gp-340, a putative opsonin receptor for lung surfactant
protein D. Proc. Natl. Acad. Sci. U.S.A. 96, 10794–10799 (1999)

16. Ilver, D., Arnqvist, A., Ögren, J., Frick, I.M., Kersulyte, D., Incecik,
E.T., Berg, D.E., Covacci, A., Engstrand, L., Boren, T.: Helico-
bacter pylori adhesin binding fucosylated histo-blood group
antigens revealed by retagging. Science 279, 373–377 (1998)

17. Jakubovics, N.S., Strömberg, N., van Dolleweerd, C.J., Kelly, C.
G., Jenkinson, H.F.: Differential binding specificities of oral
streptococcal antigen I/II family adhesins for human or bacterial
ligands. Mol. Microbiol. 55, 1591–1605 (2005)

18. Jovine, L., Qi, H., Williams, Z., Litscher, E., Wassarman, P.M.:
The ZP domain is a conserved module for polymerization of
extracellular proteins. Nat. Cell Biol. 4, 457–461 (2002)

19. Kang, W., Nielsen, O., Fenger, C., Madsen, J., Hansen, S.,
Tornoe, I., Eggleton, P., Reid, K.B., Holmskov, U.: The scavenger
receptor, cysteine-rich domain-containing molecule gp-340 is
differentially regulated in epithelial cell lines by phorbol ester.
Clin. Exp. Immunol. 130, 449-458 (2002)

20. Kang, W., Reid, K.B.: DMBT1, a regulator of mucosal homeo-
stasis through the linking of mucosal defense and regeneration?
FEBS Lett. 540, 21–25 (2003)

21. Karlsson, N.G., Hansson, G.C.: Analysis of monosaccharide
composition of mucin oligosaccharide alditols by high-
performance anion-exchange chromatography. Anal. Biochem.
224, 538–541 (1995)

22. Lamkin, M.S., Oppenheim, F.G.: Structural features of salivary
function. Crit. Rev. Oral. Biol. Med. 4, 251–259 (1993)

23. Li, X.J., Snyder, S.H.: Molecular cloning of Ebnerin, a von
Ebner’s gland protein associated with taste buds. J. Biol. Chem.
270, 17674–17679 (1995)

24. Ligtenberg, A.J., Bikker F.J., De Blieck-Hogervorst, J.M.,
Veerman, E.C., Nieuw Amerongen, A.V.: Binding of salivary
agglutinin to IgA. Biochem. J. 383, 159–164 (2004)

25. Ligtenberg, T.J., Bikker, F.J., Groenink, J., Tornoe, I., Leth-Larsen,
R., Veerman, E.C., Nieuw Amerongen, A.V., Holmskov, U.:
Human salivary agglutinin binds to lung surfactant protein-D and
is identical with scavenger receptor protein gp-340. Biochem. J.
359, 243–248 (2001)

26. Lindesmith, L., Moe, C., Marionneau, S., Ruvoen, N., Jiang, X.,
Lindblad, L., Stewart, P., LePendu, J., Baric, R.: Human
susceptibility and resistance to Norwalk virus infection. Nat.
Med. 9, 548–553 (2003)

27. Liukkonen, J., Haataja, S., Tikkanen, K., Kelm, S., Finne, J.:
Identification of N-acetylneuraminyl alpha 2->3 poly-N-acetyllac-
tosamine glycans as the receptors of sialic acid-binding Strepto-
coccus suis strains. J. Biol. Chem. 267, 21105–21111 (1992)

28. Loimaranta, V., Jakubovics, N.S., Hytönen, J., Finne, J., Jenkinson,
H.F., Strömberg, N.: Fluid- or surface-phase human salivary
scavenger protein gp340 exposes different bacterial recognition
properties. Infect. Immun. 73, 2245–2252 (2005)

29. Madsen, J., Tornoe, I., Nielsen, O., Lausen, M., Krebs, I.,
Mollenhauer, J., Kollender, G., Poustka, A., Skjodt, K., Holmskov,
U.: CRP-ductin, the mouse homologue of gp-340/deleted in
malignant brain tumors 1 (DMBT1), binds gram-positive and
gram-negative bacteria and interacts with lung surfactant protein D.
Eur. J. Immunol. 33, 2327–2336 (2003)

30. Mitoma, M., Oho, T., Shimazaki, Y., Koga, T.: Inhibitory effect of
bovine milk lactoferrin on the interaction between a streptococcal
surface protein antigen and human salivary agglutinin. J. Biol.
Chem. 276, 18060–18065 (2001)

31. Mollenhauer, J., Herbertz, S., Holmskov, U., Tolnay, M., Krebs,
I., Merlo, A., Schroder, H.D., Maier, D., Breitling, F., Wiemann,
S., Gröne, H.J., Poustka, A.: DMBT1 encodes a protein involved
in the immune defense and in epithelial differentiation and is
highly unstable in cancer. Cancer Res. 60, 1704–1710 (2000)

32. Mollenhauer, J., Muller, H., Kollender, G., Lyer, S., Diedrichs, L.,
Helmke, B., Holmskov, U., Ligtenberg, T., Herbertz, S., Krebs, I.,
Madsen, J., Bikker, F., Schmitt, L., Wiemann, S., Scheurlen, W.,
Otto, H.F., von Deimling, A., Poustka, A.: The SRCR/SID region
of DMBT1 defines a complex multi-allele system representing the
major basis for its variability in cancer. Genes Chromosomes
Cancer 35, 242–255 (2002)

Glycoconj J (2007) 24:131–142 141



33. Mollenhauer, J., Wiemann, S., Scheurlen, W., Korn, B., Hayashi,
Y., Wilgenbus, K.K., von Deimling, A., Poustka, A.: DMBT1, a
new member of the SRCR superfamily, on chromosome 10q25.3–
26.1 is deleted in malignant brain tumours. Nat. Genet. 17, 32–39
(1997)

34. O’Keeffe, M.A., Metcalfe, S.A., Cunningham, C.P., Walker, I.D.:
Sheep CD4(+) alphabeta T cells express novel members of the
T19 multigene family. Immunogenetics. 49, 45–55 (1999)

35. Prakobphol, A., Leffler, H., Fisher, S.J.: The high-molecular-
weight human mucin is the primary salivary carrier of ABH, Le
(a), and Le(b) blood group antigens. Crit. Rev. Oral. Biol. Med. 4,
325–333 (1993)

36. Prakobphol, A., Thomsson, K.A., Hansson, G.C., Rosen, S.D.,
Singer, M.S., Phillips, N.J., Medzihradszky, K.F., Burlingame, A.
L., Leffler, H., Fisher, S.J.: Human low-molecular-weight salivary
mucin expresses the sialyl lewisx determinant and has L-selectin
ligand activity. Biochemistry 37, 4916–4927 (1998)

37. Prakobphol, A., Xu, F., Hoang, V.M., Larsson, T., Bergstrom, J.,
Johansson, I., Frängsmyr, L., Holmskov, U., Leffler, H., Nilsson,
C., Boren, T., Wright, J.R., Strömberg, N., Fisher, S.J.: Salivary
agglutinin, which binds Streptococcus mutans and Helicobacter
pylori, is the lung scavenger receptor cysteine-rich protein gp-340.
J. Biol. Chem. 275, 39860–39866 (2000)

38. Raz, R., Gennesin, Y., Wasser, J., Stoler, Z., Rosenfeld, S.,
Rottensterich, E., Stamm, W.E.: Recurrent urinary tract infec-
tions in postmenopausal women. Clin. Infect. Dis. 30, 152–156
(2000)

39. Royle, L., Roos, A., Harvey, D.J., Wormald, M.R., van Gijlswijk-
Janssen, D., el Redwan, R.M., Wilson, I.A., Daha, M.R., Dwek,
R.A., Rudd, P.M.: Secretory IgA N- and O-glycans provide a link

between the innate and adaptive immune systems. J. Biol. Chem.
278, 20140–20153 (2003)

40. Rundegren, J., Arnold, R.R.: Differentiation and interaction of
secretory immunoglobulin A and a calcium-dependent parotid
agglutinin for several bacterial strains. Infect. Immun. 55, 288–
292 (1987)

41. Schulz, B.L., Oxley, D., Packer, N.H., Karlsson, N.G.: Identifica-
tion of two highly sialylated human tear-fluid DMBT1 isoforms:
The major high-molecular-mass glycoproteins in human tears.
Biochem. J. 366, 511–520 (2002)

42. Stenudd, C., Nordlund, Å., Ryberg, M., Johansson, I., Källestål,
C., Strömberg, N.: The association of bacterial adhesion with
dental caries. J. Dent. Res. 80, 2005–2010 (2001)

43. Takito, J., Yan, L., Ma, J., Hikita, C., Vijayakumar, S., Warburton,
D., Al-Awqati, Q.: Hensin, the polarity reversal protein, is
encoded by DMBT1, a gene frequently deleted in malignant
gliomas. Am. J. Physiol. 277, F277–F289 (1999)

44. Thornton, D.J., Davies, J.R., Kirkham, S., Gautrey, A., Khan, N.,
Richardson, P.S., Sheehan, J.K.: Identification of a nonmucin
glycoprotein (gp-340) from a purified respiratory mucin prepara-
tion: Evidence for an association involving the MUC5B mucin.
Glycobiology 11, 969–977 (2001)

45. Tino, M.J., Wright, J.R.: Glycoprotein-340 binds surfactant
protein-A (SP-A) and stimulates alveolar macrophage migration
in an SP-A-independent manner. Am. J. Respir. Cell Mol. Biol.
20, 759–768 (1999)

46. Wold, A.E., Mestecky, J., Tomana, M., Kobata, A., Ohbayashi,
H., Endo, T., Eden, C.S.: Secretory immunoglobulin A carries
oligosaccharide receptors for Escherichia coli type 1 fimbrial
lectin. Infect. Immun. 58, 3073–3077 (1990)

142 Glycoconj J (2007) 24:131–142


	Variant size- and glycoforms of the scavenger receptor cysteine-rich protein gp-340 with differential bacterial aggregation
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


