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SUMMARY

Human lung surfactant proteins A (SP-A) and D (SP-D) are both collagenous C-type lectins which
appear to mediate antimicrobial activity by binding to carbohydrates on micro-organisms and to
receptors on phagocytic cells. Purified native SP-A and SP-D, isolated from human bronchoalveolar
lavage fluid, were found to bind to whole mite extracBe(matophagoides pteronyssinusnd the
purified allergenDer p I, in a carbohydrate-specific and calcium-dependent manner. Binding was
inhibited by ethylenediamine tetra-acetic acid (EDTA) as well as by maltose in the case of SP-D, or
mannose in the case of SP-A. A recombinant polypeptide, which trimerized to form the neck region and
carbohydrate recognition domains of SP-D, also inhibited the binding of native SP-D to the whole mite
extract andDer p |. Both SP-A and SP-D did not bind to deglycosylated whole mite extracts or to
recombinanDer p proteins, which lacked carbohydrate residues. These results suggest that the ability
of surfactant proteins to bind certain allergens is mediated through their carbohydrate-recognition
domains (CRDs) interacting with carbohydrate residues on the allergens. Moreover, SP-A and SP-D
were found to inhibit allergen-specific IgE binding to the mite extracts either via steric hindrance or
competitive binding. It is therefore possible that SP-A and SP-D may be involved in the modulation of
allergen sensitization and/or the development of allergic reactions.
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INTRODUCTION molecules, having 18 or 12 CRDs, as found in SP-A and SP-D,

. i i . respectively [9]. Itis likely that this type of multivalent structure is
Human surfactant protein A (SP-A) and D (SP-D) are synthesized anl‘fmortant in the recognition of carbohydrate targets by the C-type

secreted into the lung airspaces by type Il pneumocytes and Clarlaectin domains, and also in clearance of the target via interaction of
cells [1,2]. In addition to the regulatory function of these proteinsth llectin ’th | ith collecti g i th I
in surfactant phospholipid metabolism, there is increasing evi- e collectin—pathogen compiex with collectin receptors on the ce
dence that they may also contribute to primary host-defenceSurface [10]. . . .

mechanisms in the lung [3]. The hydrophilic SP-A and SP-D can, The hause dust mitddermataphagoides pteronyssiniier p)

interact with lipopolysaccharides (LPS) from Gram-negative bac-'S @ major source of er_l\_/lronment_al inhaled aIIergens [DE p
licits an allergen-specific IgE antibody response in nearly 80% of

teria, facilitate opsonization, and enhance the respiratory burst of . . 2 .
alveolar macrophages [4-7]. SP-A and SP-D along with severaﬂle.rgrlclrit'ezts [13]'IBSS?d (I)In LnglsblrndllTlg S::jd'es’ ?t Ilema‘:']t trhree
serum proteins, mannan-binding protein (MBP), bovine congluti- ajor allergensier pl, Der pll a er plll) and several mino

nin and collectin-43, form the group of C-type lectins known as the?élecr)?tee rést:::;/esgie rl!)'gzzctrcl)be(;tEalr?;ltficgzllZelrlaclzlo[lgtg?\ \;efrom
collectins [8] which are characterized by having polypeptide P : W X glycoprotel

chains composed of a short, cysteine-rich, N-terminal SectiOnt:)ollens in a saturable and concentration-dependent manner, sug-
followed by a collagen-like regi’on an-helical ,section and a C- gesting that the interaction of surfactant proteins with certain
terminal carbohydrate recogniti'on domain (CRD) [9]. The allergens may have some undefined roles in immediate type
collagen-like regions form triple-helical structures and the hypﬁrfﬁgs'gght studv. it has been demonstrated that human SP
helical sections also self-trimerize, thus yielding three-chain sub- P Y,

. . . . . . ._A, SP-D and a recombinant fragment of SP-D (théelical neck
nits which then oligomerize to give hexameric or tetrameric’ " . S
units whi 9 'z gv X ! ! region plus three CRDs), bind to carbohydrates on glycoproteins in

Correspondence: Professor Kenneth B. M. Reid, MRC Immunochemhole mite extract and also to nati@er p|; moreover, both SP-A

istry Unit, Department of Biochemistry, University of Oxford, South Parks @nd SP-D can inhibit allergen-specific IgE binding to mite aller-
Road, Oxford OX1 3QU, UK. gens, either via steric hindrance or by a competitive inhibitory
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mechanism. These results suggest that hydrophilic surfactadEDTA, or 100 u mannose (for SP-A), and 100usmaltose (for
proteins may play a role in the regulation of allergen sensitizationSP-D). All incubation steps were carried out at room temperature
or in the development of allergic reactions. for 3 h. After washing with the same buffer, bound biotinylated SP-
A, SP-D, or rSP-D (N/CRD) were detected by the use of extra-
vidine-alkaline phosphatase conjugate B000) (Sigma) and the
substratep-nitrophenyl phosphate (PNPP: 1 mg/ml, Sigma). The
Preparation of native human SP-A and SP-D, and a recombinanplates were incubated for 30 min at°87after which the reaction
fragment of SP-D composed of the neck region and carbohydratevas stopped by adding"dNaOH, and the colour development was
recognition domains (rSP-D(N/CRD)) read at 405 nm.
Native human SP-A and SP-D were purified by affinity chromato-
graphy from bronchoalveolar lavage fluid obtained from alveolarFractionation of mite proteins which are recognized by SP-A and
proteinosis patients as previously described [17,18]. A polypeptideSP-D
comprising the neck region and CRD (N/CRD) of human SP-DFreeze-dried dust mite extract (1 mg) was resuspended in the
was expressed iBscherichia coland isolated in the form of a self-  starting buffer (1 ml, 20 m Tris—HCI buffer, pH 74), and fraction-
associating homotrimer [19]. Purified SP-A, SP-D and rSP-D (N/ated by ion-exchange chromatography on a Mono Q FPLC column
CRD) were biotinylated by incubating®ml of 1 mg/solution of (1 ml; Pharmacia, Milton Keynes, UK). After extensive washing,
protein in 01lm NaHCQO; with 342ul of 10mv N-hydroxyl the bound proteins were eluted with a linear gradient (20 ml) (flow
succinomidobiotin (BNHS) (Pierce, Rockford, IL) in-1v rate 1 ml/min) from zero to-8m NaCl in 20 mu Tris—HCI buffer
NaHCQ; for 4h at room temperature. Unreacted sulpho-NHS-(pH 7-4). The eluted fractions were tested for SP-A- and SP-D-
biotin was removed by dialysis against 1&modium phosphate, binding activities. The fractions that contained proteins to which
150 mm NaCl, pH 74, and any insoluble material was removed by SP-A or SP-D bound were pooled and dialysed against20rs—
centrifugation in a microfuge prior to use. HCI, 100 mv NaCl, pH 74 and 5nm CaCl, buffer and fractionated

by size-exclusion chromatography on a Superose-12 FPLC column
Preparation of whole mite extradDer pl allergen and mite Der (Pharmacia, Milton Keynes, UK). The fractions eluted from Super-
p)-sensitive asthmatic sera ose-12 were tested for their ability to be bound by SP-A, SP-D and
A purified, and biologically standardized, mite extrabe¢mato-  mit-specific IgE.
phagoides pteronyssinuPer p) was obtained in a freeze-dried
form from Pharmacia AB (Uppsala, Sweden) and prepared for uséigand-blot analysis of mite extract proteins, using biotinylated
as previously described [20]. Briefly, the mite powder (1g) wasSP-A, biotinylated SP-D or allergen-specific IgE antibody
defatted with ether (100 ml) for 48 h, then homogenized and stirredAs a first step towards examining the nature of the interaction of
continuously in phosphate buffer saline (100 ml) for 36 h. After SP-A and SP-D with dust-mite extract, ligand-blot analysis was
centrifugation (1000@), the supernatant was lyophilized and carried out on whole mite extract and also on the fractions of mite
stored at-70°C. The protein content of the extract was determinedextract, collected from size-exclusion chromatography, which
by a BioRad protein assay kit (BioRad Lab., Richmond, CA), andbound to SP-A or SP-D. Samples (whole mite extract, ndlige
the concentration of the extract adjusted to 1 mg/ml (10000 | and also fractions eluted from the Superose-12 FLPC column)
biological units/ml). NativeDer p I, the major allergen of the were run on SDS-PAGE after reduction of disulphide bonds, and
mite, and the recombinant non-glycosylated form®ef p Il and the transferred to a nitrocellulose membrane (Hybond C, Amer-
Der pV expressed irE. coli, were kindly provided by Dr K. Y.  sham International, Amersham, UK). The non-specific sites were
Chua (Graduate Institute of Immunology, College of Medicine, blocked with bovine serum albumin (BSA) (3mg/ml) in 1&m
University of Taiwan, Taiwan). Sera were drawn and pooled fromTris—HCI buffer (pH 74) containing 150 m NaCl. The membrane
10 asthmatic children who were sensitive to dust mber(p) was incubated with biotinylated SP-A or biotinylated SP-D (10 ml;
allergen only, as judged by the skin-prick test and by radio-1pg/ml) in incubation buffer (10 m Tris—HCI/150 v NaCl, pH
allergosorbent assays (RAST, Pharmacia Diagnostics AB). Ser&4, containing €% (v/v) Tween and 5m CaCl), overnight
was also collected from normal subjects who were negative irat 4C. After extensive washing with incubation buffer, the blots
skin-test and RAST assays. The negafder p | and the glyco-  were incubated with extravidine-alkaline phosphatase conjugate
proteins in the whole mite extract were deglycosylated by enzy{1: 5000: Sigma) for 2 h at room temperature in the above buffer.
matic digestion withN-glycosidase F for 18 h at 3C using the  After three washes with the same buffer (5 min per wash), nitro-

MATERIALS AND METHODS

PGNase F kit (New England Biolabs, Beverly, MA). blue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate (NBT/
BCIP: Sigma) were used as substrates for the alkaline phosphatase
Interaction of SP-A and SP-D with house dust mite extracts reaction. To detect allergen-specific IgE binding, the membrane was

Microtitre plates (Polysorp, Nunc, Kamstrup, Denmark) wereincubated with a dilution of pooled sera {10 dilution in 10 rm
coated with dilutions of mite extract, @er p I, made in 10Qul Tris—HCI/150 nm NaCl, pH 74, containing @1% (v/v) Tween and
coating buffer (100 m Na,COs;, pH 93) at 4C overnight. Non-  5mwm CaC}) from mite-sensitive asthmatic patients. After exten-
specific sites were blocked with BSA (200per well; 3mg/ml)  sive washing, the membrane was incubated with a mouse mono-
in loading buffer (10 Tris—HCI/150 m NaCl, pH 74, ¢05% clonal anti-human IgE conjugated with alkaline phosphatase
(w/v) Tween 20). After extensive washing with loading buffer, the (1 : 2500 dilution: Sigma) for 2 h at room temperature and colour
plate was incubated with serial dilutions of biotinylated SP-A, SP-development carried out as described above.

D or rSP-D (N/CRD) (10Ql; maximal amount Lg/well) in

washing buffer containing 5mCacCl, for 3 h at room temperature. Inhibition by SP-A and SP-D of the binding of allergen-specific IgE
For inhibition studies, 100l samples (kg/well) of biotinylated  antibody to mite extract

proteins were added to mite-coated wells in the presence ofilO mThe ability of SP-A and SP-D to inhibit allergen-specific IgE

© 1996 Blackwell Science LtdZlinical and Experimental Immunolog$06367—-373



Interaction of SP-A and SP-D with mite allergen 369

1.2 —

14— 16 —
(a) (c)

1.2 1-4
E 1.2
E L
[Fe)
505 1
> 0-8—
k7] 0-8
S
S 06
§ 0-6
=1 0-4 —
o
8 0-4

021~ 02

Y S NI S
0 1 llilllll 1 L1 11l 0 1 1IIIIII| 1 111 1111 1 1 I‘JJIil 1 1 Jlllll
10 100 1000 10 100 1000 10 100 1000
SP-A (ng/ml) SP-D (ng/ml) rSP-D (N/CRD) (ng/ml)

Fig. 1. Binding of lung surfactant protein A (SP-A), lung surfactant protein D (SP-D) and recombinant neck region and carbohydrate
recognition domain of lung surfactant protein D (rSP-D (N/CRD)) to mite extractlerdhatophagoides pteronyssin(Ber p I). Serial

dilutions of biotinylated SP-A (a), SP-D (b) and rSP-D (N/CRD) (c) were incubated with solid-phase-immobilized mite @tcaqirified

Der pl (O) as described in Materials and Methods. Binding to bovine serum albumin (BSA)-coatedeliag used as a control. Binding

was estimated by reading the colour development at 405 nm after addition of extravidine-alkaline phosphataseapttenyl phosphate.

Results of separate experiments with the average and the range of triplicate determination points are shown. The inclusion of mannose
(100 mm) or maltose (100 m) in the assay buffer blocked the binding of SP-A, or SP-D, respectively. The inclusion of non-biotinylated SP-A,
SP-D or rSP-D (N/CRD) blocked the binding of the corresponding biotinylated ligand by over 80% in each case.

binding to mite extracts or nativBer p | were tested. Various EDTA in the loading buffer, which also abolished the binding
concentrations of native human SP-A, SP-D and rSP-D (N/CRD)Table 1). The SP-A and SP-D did not bind to the recombinant
were incubated with pooled sera (diluted 1000 with buffer  forms of the mite allergenSer pll andDer pV (Table 2), which is
containing 5mu CaCl), from 10 mite-sensitive asthmatic chil- consistent with the fact that these polypeptides lack carbohydrate
dren, then added to microtitre wells coated with mite extract ordue to their expression ifE. coli. Moreover, after enzymatic
native Der p | and left overnight at room temperature. After deglycosylation of whole-mite extract and natizer p I, both
extensive washing with buffer, alkaline phosphatase-conjugate&P-A and SP-D showed no binding to these proteins in ELISA
monoclonal rabbit anti-human IgE (Sigma) was added to the well§Table 2) and dot-blot analysis (data not shown). These results
for 3h at room temperature. Bound human IgE was detected, asuggest that the CRD regions of SP-A and SP-D interact with
described above, using a mouse monoclonal anti-human IgE. Thearbohydrate structures on nati®er p| and glycoproteins within
percentage decrease in IgE-dependent binding was estimated fratime mite extract.

the reduction in the 405 nm measurements observed on addition of

SP-A or SP-D.
Table 1. Binding of surfactant proteins to mite extract
RESULTS Binding
Human SP-A, SP-D and the recombinant fragment rSP-D (N/CRD¥onditions SP-A SP-D rSP-D (N/CRD)
are able to bind mite allergens, through their CRDs in a calcium-
CaCl 1251+ 0080 1433+ 0032 0899+ 0-022

dependent manner

The abilities of the purified SP-A, SP-D and rSP-D (N/CRD) to M:Egngéga‘i' 0'432’330'120 0254’1'30 ods 0255’1'30 oou
bind to dust-mite extract were tested in a solid-phase assay. DTA 0164+ 0031 0067+0010 0078+ 0012

seen in Fig. 1, native SP-A and SP-D (isolated from human lung
surfactant), and also rSP-D (N/CRD) were all found to bind to the
dust-mite extract and the major allergd&rer p | in a dose- The binding of fixed quantities (1g/ml) of lung surfactant protein A
dependent manner. The binding to whole mite extractRedp | (SP-A), lung surfacta_r_]t proteln_D (SP-D), recombinant n_eck region and
was inhibited by the presence of mannose in the case of SP-A d:rarbohydrate regggnltlop domain of lung surfactant protgm D (rSP-D (N/
. CRD)) to immobilized mite extract (g/well) were tested in the presence
maltose in the case of SP-D and rSP-D (N/CRD) (Table 1).
M he bindi f biotinvlated SP-A and biotinviated SP of 5 mv CaCl, 100 nm mannose (SP-A) or maltose (SP-D) ands €aCh
°re°‘_’er' the bin lng 0_ _'Ot'ny ate -A and biotinylate " or 5mv ethylenediaminetetra-acetic acid (EDTA), as described in Materi-
D to mite extract was inhibited by unlabelled SP'A and rSP-D (N/ 15 and Methods. Binding is shown as colour developmeggsm) in the
CRD), respectively (data not shown). The calcium dependence afnzyme-linked immunosorbent assay. Results are means of three
the binding was confirmed by replacing calcium chloride with determinations. ND, Not determined.
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Table 2. Binding of surfactant proteins to various forms of allergens  Several proteins, in the fractions that eluted between NaCl con-
centrations of 100 m and 450 nw, bound to biotinylated human
SP-A and SP-D (data not shown). These fractions, containing

Immobilized allergen SP-A SP-D rSP-D (N/CRD) g, factant protein-binding activities, were pooled and then applied
Mite extract 12514 0080 1433+ 0032 Q899+ 0022 onto a Superose-12 gel-filtration column. The eluted fractions were
Native Der p | 0625+ 0051 0432+ 0022 0435+ 0021 collected and tested for the binding of SP-A, SP-D and mite-
RecombinanDer pll  0-073+ 0:022 0061+ 0:025 0084+ 0-012 specific IgE at the same time. It can be seen that the fractions which
RecombinanDer pV  0-068+ 0-008 0067+ 0:005 0073+ 0-022 were recognized by SP-A and SP-D lie within the range 150—
Deglycosylated mite Q25+ 0018 0113+ 0029 011240017 20 kD, which also contains a number of proteins recognized by IgE
extract from asthmatic patients’ sera (Fig. 2). The mite-extract proteins
Deglycosylated @98+ 0022 0089+ 0032 0086+ 0014 were also examined by SDS—-PAGE followed by ligand blotting
Derpl involving detection by biotinylated SP-A or SP-D and by IgE

antibody from asthmatic patients (Fig. 3). It can be seen that SP-A

Binding in the presence of 5mCacCl, of a fixed amount (Lg/ml) of interacted with five major bands, with apparent mol. wts of 150,
lung surfactant protein A (SP-A), lung surfactant protein D (SP-D) or 125, 90, 55, 30kD, as well as several minor proteins, while SP-D
recombinant neck region and carbohydrate recognition domain of lundyound to material with apparent mol. wts of 200, 130, 60, 35 and
surfactant protein D (rSP-D (N/CRD)) to various preparations of mite 25 kD, Although SP-A and SP-D bind to different glycoproteins of
allergens coated onto microtitre plates, as described in Materialﬂiﬁering apparent mol. wts in the mite extract, the majority of these
and Methods. Binding is shown as colour developmenioAm) in  qteing of mite extracts appear to be allergenic, since they were
enzyme-linked immunosorbent assay. Results are meards of three )¢, recognized by allergen-specific IgE from mite-sensitive asth-
determinations. . ;

matic patients.

Many of the glycoproteins in mite extracts which are recognized bySurfactant proteins can inhibit the binding of mite-specific IgE to
SP-A and SP-D are allergenic mite allergens

To investigate further the number of proteins present in miteThe inhibition of the binding of mite-specific IgE to whole-mite
extracts which are recognized by SP-A and SP-D, the whole mitextracts and to nativBer p| by surfactant proteins was tested. The
extract was fractionated on a column of Mono Q Sepharose bgffect of SP-A and SP-D on the binding of allergen-specific IgE to
FPLC. The fractions eluted from the column were tested for SP-Avhole-mite extracts is shown in Fig. 4. Both native SP-A and SP-D
and SP-D binding activity as described in Materials and Methodsshowed inhibition, in a dose-dependent manner, of the binding of
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Fig. 2. The FPLC elution profile of mite extract proteins on Superose-12 after initial fractionation on Mono Q Sepharose. The lung surfactant
protein A (SP-A) and lung surfactant protein D (SP-D) binding to fractions across the column is shown. Fractions containing the main SP-A
and SP-D binding activity were collected and pooled. The eluted samples were also tested for their binding to mite-spe®ificTig& (
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Fig. 3.Ligand-blot analysis of the surfactant protein-binding fractions of mite extract which were bound by lung surfactant A (SP-A) and lung
surfactant protein D (SP-D). Samples were electrophoresed, after reduction of disulphide bonds, on a 10% (w/v) SDS—-PAGE gel and then
transferred to a nitrocellulose membrane. Whole-mite extract was loaded on lanes 1, 4 and 6. Samples from the Superose-12 column, over the
regions which contained proteins which were bound by SP-A and SP-D, were loaded on lanes 2, 5 and 7. Purifiedmaditephagoides
pteronyssinugDer p) | was loaded on lane 3. Lanes 1 and 3 were probed with biotinylated SP-A, lanes 4 and 5 with biotinylated SP-D and
lanes 6 and 7 with anti-allergen IgE (in the form of pooled sera from mite-sensitive asthmatic patients). The bound biotinylated SP-A,
biotinylated SP-D and anti-allergen IgE were detected by use of extravidin-alkaline phosphatase conjugate (SP-A and SP-D) or a monoclonal
anti-human IgE conjugated with alkaline phosphatase, as described in Materials and Methods.

allergens by IgE. The rSP-D (N/CRD) was also found to inhibit the have shown that the reduction of surfactant content promoted the
binding of allergens by IgE, but to a lesser extent (50% inhibition)cellular inflammatory response [26], while pretreatment with
than that shown by native SP-D (75% inhibition) at the maximalnatural surfactant was found to reduce bronchial obstruction
concentration used (3@/ml). Both SP-A and SP-D inhibited the following allergen challenge and to decrease the extent of the
binding of allergen-specific IgE to nativBer p | (results not  impaired lung function significantly [27]. Using the same animal
shown). model, Liuet al. [28] have also measured the surface tension of
lavage samples following allergen challenge. Over the 30 min of
the experiment, there was a dramatic increase of minimal surface
tension without any change in the lavage phospholipid composi-
The respiratory tract is continuously exposed to micro-organisms antlon of the lavage, and the infiltration of plasma proteins, in response
allergenic particles present in inhaled air. There is increasingo the airway-allergen challenge, caused a rapid inhibition of the
evidence that the hydrophilic surfactant proteins SP-A and SP-Burface activity of broncho-alveolar lavage surfactant. These results
play a first-line defence role in the alveolar airspace and interacsuggested that a rapid inactivation of surfactant within the distal
with alveolar macrophages or phagocytic cells during the recognon-cartilaginous airways as an early event contributed to the
nition and clearance of pathogens responsible for pulmonargeverity of impaired lung function in acute asthma. Prior adminis-
inflammation [3,6,8,21-23]. With respect to allergic diseases, tharation of exogenous surfactant diminished the problems associated
mechanisms for sensitization and provocation by airborne allerwith allergen-induced responses, which included effects on lung
gens such as dust mites and pollen grains are largely undefinddnction, cellular infiltration and histopathology [27,29]. Finally,
[24]. It is not known whether surfactant proteins participate in thethere has been one anecdotal report of the administration of
allergic inflammatory processes that are frequently seen in astlexogenous surfactant (1 ml, 10mg/ml) as a therapy in acute
matic patients. asthma [30] which demonstrated improved parameters of lung
To date, there has been no comprehensive analysis of surfactafunction in 11 out of 12 subjects. It was suggested that pulmonary
protein and phospholipid compositions in broncho-alveolar lavagesurfactant is important in the stability of the small airways and may
samples from asthmatic subjects. There is one recent study [25] thae involved in the pathogenesis of bronchial obstruction of patients
describes a decreased concentration of SP-A relative to phospholipigith bronchial asthma.
in broncho-alveolar lavage from asthmatic patients compared with  Recently, Malhotraet al. [16] reported that SP-A bound to
normal controls. Other evidence for a possible involvement ofpollen grains fromPopulus nigra italica Poa pratensis Secale
surfactant in asthma is based on animal studies. Previous studies,@erale and Ambrosia elatiorin a saturable and concentration-
ovalbumin sensitized guinea-pigs exposed to aerosolized allergedependent manner. The interaction of SP-A with pollen grains was

DISCUSSION
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with carbohydrate structures on soluble, eukaryocytic-derived
glycoproteins since multivalent binding does not take place.
However, in airborne particles containing denatured and degraded
dust-mite glycoproteins it appears that the carbohydrate structures
on these glycoproteins may be arranged in such a manner that they
mimic the ordered arrays seen on the surfaces of bacteria and
viruses and are therefore readily recognized and tightly bound by
SP-A and SP-D.

Both SP-A and SP-D are capable of blocking the binding of
allergen-specific IgE to whole mite extracts. The precise nature of
inhibition of IgE binding to allergens by human SP-A and SP-D is
unknown, i.e. whether surfactant proteins and IgE share the same
binding site on the mite allergens or if SP-A and SP-D exert a steric
hindrance effect, thus preventing subsequent binding of IgE. The
results suggest that surfactant proteins SP-A and SP-D may be
involved in the modulation of allergen sensitipa and/or the
development of allergic reactions, artiese possibilities are
worthy of further investigation.

Optical density (405 nm)
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it was calcium dependent and inhibited by mannose, appeared to bg
mediated by the CRD of SP-A. These results indicate that, in the
presence of SP-A, pollen grains could potentially be presented to
different cell types via SP-A interacting with the C1q receptor [31]. 7
The present study indicates that both human SP-A and SP-D can
bind to the whole mite extract and @er p |, one of the major
allergen proteins in mite extracts. The binding is calcium-
dependent, and inhibitable by sugars, which suggests that specific
binding takes place by the CRDs regions of SP-A and SP-D. Thisg
view is supported by the finding that the trimeric recombinant
fragment (N/CRD) of the SP-D polypeptide binds to allergen
extracts, and also by the fact that SP-A and SP-D do not bind tao
recombinant forms of the allergen polypeptides, sucbeasp Il 11
andDer p V which were expressed iB. coli in non-glycosylated
forms. Furthermore, the studies on the enzymatically deglyco-
sylated whole-mite extract, and deglycosylated nabexr p |, 12
indicate that the binding of allergens by surfactant proteins take
place through their CRD regions which recognize the carbohydratq3
residues on the allergens. It is now well established that SP-A and
SP-D recognize and bind to the ordered arrays of carbohydrate
structures displayed on surface glycoproteins of viruses and
bacteria [8]. Normally, SP-A and SP-D do not interact strongly 14
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