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Structure of Human Stabilin-1 Interacting Chitinase-like
Protein (SI-CLP) Reveals a Saccharide-binding Cleft with
Lower Sugar-binding Selectivity™
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Human secreted protein stabilin-1 interacting chitinase-
like protein (SI-CLP) has been identified as a novel member
of Glyco_18 domain-containing proteins that is involved in
host defense and inflammatory reactions. Efficient secretion
of SI-CLP is mediated by its interaction with the endocytic/
sorting receptor stabilin-1. SI-CLP is expressed abundantly
in macrophages and neutrophils and is up-regulated by Th2
cytokine IL-4 and glucocorticoid, which suggest that SI-CLP
could be a marker for adverse effects of glucocorticoid ther-
apy. To gain insight into the biological function of SI-CLP, we
determined the crystal structure of SI-CLP at 2.7 A resolution
by x-ray crystallography and found that it featured a typical
triose-phosphate isomerase barrel fold with a putative sac-
charide-binding cleft. Comparison with other chitinase-like
proteins showed the cleft to be atypically wide and open. The
saccharide-binding capacity of SI-CLP was investigated, and
its ligand-binding specificity was found to relate to the length
of the oligosaccharides, with preference for chitotetraose.
Further investigations reveal that SI-CLP could bind LPS in
vitro and neutralize its endotoxin effect on macrophages. Our
results demonstrate the saccharide-binding property of SI-
CLP by structure and in vitro biochemical analyses and sug-
gest the possible roles of SI-CLP in pathogen sensing and
endotoxin neutralization.

The mammalian family of Glyco_18 domain-containing pro-
teins comprises enzymatic activated chitinases and chitinase-
like proteins lacking chitinase activity. Each protein in this fam-
ily contains a Glyco_18 domain comprising a triose-phosphate
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isomerase (TIM)? barrel fold that holds lectin properties with
specific sugar-binding preference. Among these, true enzymes
such as acidic mammalian chitinase and chitotriosidase each
have an additional chitin-binding domain and are shown to
hydrolyze chitin (1, 2). YKL39, YKL40 (also named HCgp39),
and mouse YM1/2 are the chitinase-like proteins that lack
chitin hydrolysis activity (3-5). Although the chitinase-like
proteins have no enzyme activity, accumulated data suggest
that these proteins possess the lectin property. YKL40 was
proved to bind chitin fragment (3), YM1 preferentially binds
saccharides with a free amine group, such as glucosamine
(GIcN) or galactosamine (GalN) polymers, instead of chitin
fragment (6). Besides, the chitinase-like proteins are also
biomarkers for various human diseases (7).

The recently identified stabilin-1 interacting chitinase-like
protein (SI-CLP) is a human secreted protein that belongs to
the family of chitinase-like proteins, based on the NCBI anno-
tation. SI-CLP was detected abundantly in bronchoalveolar
lavage from patients with chronic inflammatory disorders of
the respiratory tract, human peripheral blood leukocytes, and
patients undergoing glucocorticoid therapy(8). Efficient secre-
tion of SI-CLP is mediated by its interaction with the endocytic/
sorting receptor stabilin-1 and is activated by Th2 cytokines (8).
Our recent work detected the existence of SI-CLP in the syno-
vial fluid of patients with osteoarthritis or rheumatoid arthritis
and found that administration of SI-CLP increased the severity
of inflammation in collagen-induced arthritis rat. Full-length
SI-CLP contains 393 amino acids with a signal peptide at its N
terminus and a predicted Glyco_18 domain. But the sequence
identity between SI-CLP and any other Glyco_18 domain pro-
teins is below 20%, and general sequence alignment between
SI-CLP and other chitinase-like proteins could not provide any
useful information. As a member of chitinase-like protein, SI-
CLP has no chitin-hydrolyzing activity. No evidence so far
shows that SI-CLP possesses lectin property, and the precise
physiology function of SI-CLP is still unknown.

To gain insight into the biological function of SI-CLP, we
determined the crystal structure of full-length SI-CLP and
identified a putative saccharide-binding site in the Glyco_18
domain of SI-CLP. Structure superimposition-based sequence

3 The abbreviations used are: TIM, triose-phosphate isomerase; BisTris, bis(2-
hydroxyethyl)iminotris(hydroxymethyl)methane; ITC, isothermal titration
calorimetry; NAG, N-acetyl-D-glucosamine; SI-CLP, stabilin-1 interacting
chitinase-like protein.
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alignment suggested conserved aromatic residues in the sac-
charide-binding cleft. Biochemical characterization revealed
a binding property of SI-CLP with various saccharides. Further
isothermal titration calorimetry (ITC) analysis identified
GIcNAC polymer as the preferred polysaccharide. Site-directed
mutagenesis of the conserved aromatic residues in the saccha-
ride-binding cleft showed that mutation of these key residues
abrogated saccharide-binding ability dramatically. Moreover,
the binding ability of SI-CLP to lipopolysaccharide (LPS) was
shown for the first time. The neutralization property of SI-CLP
to LPS-induced inflammation was seen in further investiga-
tions. Our work provides structural basis for biological function
of SI-CLP; subsequent study suggests the role of SI-CLP in
microbe infection and inflammation.

MATERIALS AND METHODS

Cloning, Expression, and Purification of Recombinant SI-CLP—
The ¢cDNA encoding SI-CLP was cloned into a pET21DEST
vector with an N-terminal Hisg tag. The first 22 residues (the
signal peptide) of the protein were removed to obtain soluble
expressed SI-CLP protein in Escherichia coli (9). Native or sele-
nium-labeled SI-CLP was expressed in E. coli strain BL21(DE3)
or B834(DE3), respectively, and purified as described previ-
ously (10). Purified SI-CLP protein used to treat cells was incu-
bated with cleaned polymyxin B-agarose (Sigma) overnight to
remove the endotoxin.

To identify key residues that participate in saccharide bind-
ing, we designed and constructed various mutants, Y84S,
W88A, W110A, Y261S, W277A, Y302S, W380A, based on the
structure superimposition of the SI-CLP and HCgp39-N-
acetyl-p-glucosamine (NAG) complex (1LG1). Specific sites
were mutated to Ala or Ser by overlap extension PCR. Mutated
DNAs were inserted into pET28a vector and confirmed by
DNA sequencing. The mutant proteins were expressed in
BL21(DE3) and purified except W380A, which is insoluble.

Crystallization and Structure Determination—Recombinant
SI-CLP proteins were purified using a procedure described pre-
viously (9) and crystallized using the sitting-drop method in a
solvent of 100 mm BisTris (pH 6.5), 2 m (NH,),SO,, 10 mm
2-methyl-2,4-pentanediol, 100 mm MgCl,. During data collec-
tion, the crystal was maintained at 100 K using nitrogen gas,
with 20% glycerol as the cryoprotectant. X-ray diffraction data
were collected on a MAR 325 CCD detector as 1° frames. The
data were then processed using the programs of Mosflm and
CCP4 package (11, 12). The crystallographic parameters and
data collection statistics are given in Table 1.

The structure of SI-CLP was solved by the selenium single-
wavelength anomalous dispersion method (Protein Data Bank
accession no. 3BXW). The selenium sites were determined with
PHENIX software (13) using data from 30 A to 3 A. Structure
refinement was performed with program CNS (14) while being
monitored by the Ry, factor and the quality of the electron
density maps. About half of the amino acids were autotraced by
PHENIX, and the rest of SI-CLP structure was built manually,
using Coot (15). The final structures were analyzed by
MOLPROBITY and PROCHECK (16). The structure and figure
were visualized using PyMOL and Coot. Ramachandran plots
of the structures showed that 96.1% and 3.9% of residues are in

DECEMBER 17, 2010+VOLUME 285+NUMBER 51

Crystal Structure of SI-CLP

TABLE 1
Data collection and refinement statistics for SI-CLP structure

P3,21
100.1, 100.1, 250
50-2.7 (2.85-2.7)"

Space group .
Unite cell a, b, ¢ (A)
Resolution (A)

Reflections, unique/total observed 40,781/301,288
Completeness (%) 99.9 (100)
Multiplicity 6.6
I/a(1) 15.1 (2.5)
Rierge” 0.127 (0.751)
Ry, (within I+/1-)° 0.058 (0.272)
work 22.23

Rt 25.29
Model

No. atoms 5,880

Water molecules 16
Solvent content (%) 69.38
Overall B factor from Wilson plot 44.6
Root mean square difference

Bonds (A) 0.01

Angles (°) 1.4
Ramachandran plot (%)

Favored region 96.1

Additionally allowed region 3.9

“ Values in parentheses are for highest resolution shell.

b Rerge = Sh Si |li(h) — <I(h)>/| Sh i i (h).

Ry = 2h (1/(N = 1))1/2 i |li(h) — <I(h)>|2h 2i Li (h).

R yorkc = Sh|F,|\h — |F|h|/Sh E,|h. Ry, corresponds to R, calculated using 5% of
the total reflections selected randomly in thin shells and excluded during refine-
ment. [ is the observed intensity, and <I> is the average intensity of multiple
observations from symmetry-related reflections. F, and F, are the observed and
calculated structure factors, respectively.

the favored and allowed regions for SI-CLP structure, respec-
tively, and no residues are in the generally allowed and disal-
lowed regions.

Detection of SI-CLP-Binding Property—BlAcore 3000 (Amer-
sham Pharmacia Biosciences) was first used to screen for the
binding specificity of SI-CLP to various monosaccharides, includ-
ing GIcN, GalN, N-acetylglucosamine (GIcNAc), N-acetylgalac-
tosamine (GalNAc), mannose, glucose, and ribose (Sigma). Puri-
fied SI-CLP (200 ug/ml) in 10 mMm sodium acetate (pH 5.0) or
control buffer was immobilized separately onto the surface of
sensor chip CM5 (Amersham Pharmacia Biosciences) activated
with primary amines. Excess N-hydroxysuccinimide ester
groups were blocked by 1 M ethanolamine hydrochloride. Mono-
saccharides and LPS in HBS buffer (10 mm HEPES with 150
mM NaCl, 3 mm EDTA, and 0.05% Tween 20) were injected
across the surface at a flow rate of 30 wl/min, and real-time
binding curves were observed. To stop the reaction, HBS-ET
buffer was introduced onto the sensor chip to start the dissoci-
ation. The bulk effect of refractive index changes was sub-
tracted from the in-line reference flow cell to yield true binding
response. Kinetic data were calculated using the BIA evaluation
software 4.1 (Pharmacia Biosensor AB).

To measure accurately the binding intensity of SI-CLP to
saccharides further, ITC analysis was performed to compare
the binding activity of SI-CLP with polysaccharides of different
lengths (see Fig. 4C). The binding constant of wild-type SI-CLP
and its mutants to polysaccharides was measured by monitor-
ing the heat change using the VP-ITC Micro Calorimeter
(MicroCal, Inc.). The sample cell was filled with 100 um pro-
tein, and the injection syringe was filled with 10 mm polysac-
charides. Both the protein and polysaccharides were dissolved
in the buffer containing 10 mm Tris, 200 mm NaCl (pH 8.0);
measurements were carried out at 25 °C. Heat change upon the
addition of substrate solution was monitored, and the ITC data
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2D el 20
FIGURE 1. Overall structure of SI-CLP. A, ribbon diagram of SI-CLP with labeled secondary structural element.
The structure shows a typical TIM barrel fold with eight-stranded parallel B-barrel surrounded by eight a-heli-
ces antiparallel to the barrel. This figure and the following structural drawings were prepared with PyMOL.
B, superimposition of SI-CLP (cyan, PDB accession no. 3BXW) and YM1 (gray, PDB accession no. 1VF8). YM1 is a
secretory protein synthesized by activated murine peritoneal macrophages; it is recognized as a novel mam-
malian lectin with a binding specificity to GIcN. The novel structural motif in the N terminus of SI-CLP is labeled
in red. C, ribbon structure showing alignment between SI-CLP (gray) and HCgp39 (green-cyan). Three loops
(labeled L7, L2, and L3) that do not exist in SI-CLP but are found in other Glyco_18 chitinase-like proteins are
colored deep gray. The absence of these loops in SI-CLP leads to the uncharacterized open cleft. D, saddle-
shaped cleft in two views represented by surface electrostatic potential. The cut-through SI-CLP section indi-

Real-time Quantitative RT-PCR
Analysis—Using 1 ug of total RNA,
we generated cDNA with the RT
system (Promega) following the
manufacturer’s protocol. The mRNA
expression levels of proinflammation
factors (IL-18, IL-8, TNFq, and IL-6)
were examined by real-time quanti-
tative RT-PCR with the SYBR Green
qPCR kit (Finnzymes) in a DNA
Engine Opticon continuous fluo-
rescence detection system (M]
Research). B-Actin was used to cor-
rect for intersample variations.

RESULTS

Overall Structure of SI-CLP—The
structure of full-length SI-CLP was
determined by selenium single-
wavelength anomalous dispersion
method and refined against 2.7 A
diffraction data, to a final R factor
(Riree) Of 25.29 with good stereo-
chemistry (Table 1 and Fig. 1).
Despite its low sequence identity to
other structure-known proteins, SI-
CLP adopts a classical Glyco_18

cates the shape and surface features of the cleft.

TABLE 2
Comparison of SI-CLP with chitotriosidase or chitinase-like proteins
Root mean Length of
Sequence square Glyco_18 Conserved Enzyme
identity dif?erence domain motif activity
(amino acids)
%
Chitotriosidase 100 0 366 (22-387) DXXDXDXE Detectable
HCgp39 55 1 362 (22-383) DXXDXAXL NA“
YM1 49 0.8 373 (22-395) DXXNXDXQ NA
SI-CLP 18 2.3 316 (77-392) DXXVXEXW NA

“ NA indicates that there is no glycosyl hydrolase activity.

were fit using a one-set-of-sites model. The binding constant
was calculated using the software provided by the manufacturer
(MicroCal, Inc.).

Cell Culture and Treatment—Cell lines used in the experi-
ment were maintained at 37 °C with 5% CO, in RPMI medium
1640 (Invitrogen) supplemented with 10% fetal calf serum
(FCS; Hyclone) without antibiotics. Monocytic THP-1 cells
were treated with 50 ng/ml phorbol 12-myristate 13-acetate
(Sigma) for 48 h and differentiated into a macrophage-like
phenotype that closely resembles human monocyte-derived
macrophages. To examine the effect of neutralization of SI-CLP
on the production of LPS-induced inflammatory cytokines, the
THP-1 macrophages were stimulated with 10 pg/ml SI-CLP
and 1 pg/ml LPS for 24 h. Control groups in the in vitro assay
were treated with heated-denatured protein or PBS buffer.
Cells were then harvested, and the total RNA was isolated using
TRIzol reagent (Invitrogen) according to the manufacturer’s
protocol.
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chitinase fold consisting of two
domains (Table 1 and supplemental
Fig. 1). The core domain contains a
typical TIM barrel fold with eight-stranded parallel B-barrel
surrounded by eight a-helices antiparallel to the barrel (Fig.
1A). An additional glove-like o+ 3 domain (residues 298 —354),
composed of one a-helix («10) and five antiparallel B-strands
(B11-15), is inserted between strand $10 and helix a9 (supple-
mental Fig. 1). Structure comparisons with other TIM barrel
glycosyl hydrolases revealed that the conserved aspartic acids in
the motif DXXDXDXE, essential to the glycosyl hydrolase activ-
ity, are replaced by valine or glutamic acid in SI-CLP (Table 2).
This may explain the loss of glycosyl hydrolase activity in
SI-CLP.

Although SI-CLP adopts typical TIM barrel folding, it has a
lower structure similarity to any other TIM-fold proteins with a
root mean square difference of 2.3A to chitotriosidase that has
a structure that is most similar to SI-CLP. The structure of
SI-CLP differs from the other Glyco_18 chitinase-like proteins
in following two aspects. First, the most notable difference
between SI-CLP and the other Glyco_18 chitinase family pro-
teins is the existence of an additional helix region with fewer
secondary structural elements at the N terminus of SI-CLP (res-
idues 22-78) (Fig. 1B). This structural motif is composed of a
short a-helix (residues 53— 62) flanked by nonstructured loops
on both sides (Fig. 1B and supplemental Fig. 1). In addition, a
short helix near the C terminus (a11) and a positive-charge-
rich area are buried by the N-terminal motif. A free cysteine
exposed to the surrounding solvent is also observed in the
structure of SI-CLP, but not in the other Glyco_18 family pro-
teins. Second, compared with other Glyco_18 chitinase-like
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proteins, SI-CLP has a shorter Glyco_18 domain (Table 2),
which we can recognize from the gaps in the sequence align-
ment (supplemental Fig. 1). SI-CLP also contains a more open
binding cleft that is different from the binding cleft for GIcNAc,
found in human cartilage glycoprotein (HCgp39, also named
YKLA40) (3, 4) (Figs. 1C and 2).

The cleft of SI-CLP is saddle-shaped and measures ~18 A in
depth, 21 A in width, and 42 A in length (Fig. 1D). Comparisons
of its main chain tracing with that around the saccharide-bind-
ing clefts in other proteins revealed that there are three loops
restricting the capacity of the cleft. One is the loop between 81
and a2 in the TIM barrel (L1), which is shorter and more rigid

FIGURE 2. Structural comparison of SI-CLP with other chitinases reveals
an open binding cleft of SI-CLP. SI-CLP surface structure (slate) is compared
with chitotriosidase (1HKK, yellow-orange) and HCgp39 (1HJW, splitpea). The
chitooligosaccharides NAG6 are shown as sticks. The arrow shows the wid-
ened cleft of SI-CLP.

FIGURE 3. Model of ligands binding to SI-CLP. A, superimposition of SI-CLP and HCgp39-NAG complex (1LG1)
showing the saccharide-binding cleft. The NAG is shown as sticks. The SI-CLP backbone is shown in green-cyan,
and the HCgp39 complex is shown in bright orange. B, molecular surface (calculated with PyMOL, positive in

blue, 20 kT, negative in red, —20 kT) for SI-CLP docked with NAG,.
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in SI-CLP compared with that of HCgp39 (supplemental Figs. 1
and 2). The second one is the loop between 6 and a4 (L2). The
main chain of a4 in SI-CLP moves 3 A away from the -sheet
barrel and results in an extension of this loop. The third loop
(L3), which is located between 810 and 11 in the inserted a+
domain of HCgp39 and other chitinase-like proteins, does not
exist in SI-CLP (B12; Fig. 1C and supplemental Fig. 2). All of
these characteristics make the cleft in SI-CLP widely open (Fig.
2), suggesting that this cleft holds different sugar-binding prop-
erties than do other chitinase-like proteins.

Identification of a Putative Saccharide-binding Site in SI-CLP—
Although sequence alignment between SI-CLP and other
chitinase-like proteins revealed no information of the con-
served residues, superimposition of the structures of SI-CLP
and HCgp39-NAG) complex (1LG1) showed that SI-CLP has
a similarly shaped cleft; structure superimposition-based
sequence alignment identified the conserved solvent-ex-
posed aromatic residues including Tyr-84, Trp-88, Trp-110,
Tyr-261, Tyr-302, and Try-380 on the surface of the binding
pocket (Fig. 3A). These residues are highly conserved in
other chitinase-like proteins and are important for interact-
ing with the hydrophobic faces of the pyranose rings in chi-
tooligosaccharides (3, 4, 17).

Electrostatic surface potential calculations for SI-CLP and
NAGg positioned into the cleft were performed to help us fur-
ther understand possible interactions between glycosaminogly-
can and SI-CLP. The surface of the possible substrate-binding
cleft of SI-CLP showed an electronegative potential (red, Fig.
3B), which is appropriate for a positively charged substrate such
as NAG, and could explain why the sugar ring of the NAG, can
fit snugly into the open cleft of SI-CLP (Fig. 3).

Saccharide Binding of SI-CLP—The open cleft in SI-CLP
inspired us to explore its saccharide-binding property. GIcN
and GalN were shown to bind specifically to SI-CLP in a con-
centration-dependent manner (Fig. 44). GaINAc and GIcNAc
could bind to SI-CLP as well. Ribose and mannose could also
bind to SI-CLP to some extent, whereas glucose and galactose
did not show any binding (Fig. 44).

Because all chitinase-like proteins bind preferentially to sac-
charides polymers, we further examined the binding activity of
SI-CLP to various polysaccharides of different lengths using
ITC analyses (Fig. 4B). The binding
activity of SI-CLP to GIcN trimer
was examined first. Interestingly,
although SI-CLP binds GlcN with
high affinity (Fig. 44), the binding of
GIcN trimer to the protein is weak.
The binding of different lengths of
GIcNAC polymer to SI-CLP was
then investigated. The K, values of
different GIcNAC polymers binding
to SI-CLP were calculated and
compared (Fig. 4C). The GlcNAc
tetramer has the highest affinity
compared with the trimer and pen-
tamer. These results suggest that SI-
CLP prefers to bind oligosaccha-
rides with a four-sugar ring core,
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FIGURE 4. Binding of saccharides to SI-CLP. A, surface plasmon resonance analyses showed the binding of various monosaccharides to SI-CLP and suggest
that GIcN and GalN are the preferred monosaccharide ligands to SI-CLP. B, ITC analyses showed the binding of polysaccharides to SI-CLP. C, calculated
association constant of each polysaccharide to SI-CLP is shown. D, mutation of the aromatic residues on the cleft surface significantly decreased the binding
activity of protein to tetra-GIcNAC. Several mutants of SI-CLP protein were designed and purified; the K, of these mutants binding to NAG4 was calculated
through ITC analyses. N/A stands for no sugar-binding activity detected for these mutants, which the K, <<107".

which is similar to YKL40 (3). Furthermore, the association
constant (K,) of SI-CLP to tetra-GIcNAC is 3.27 X 10> M~ ",
which is comparable with the K, of YM1 binding to tetra-GlcN
(3.36 X 10% M~ Y) (6).

To identify further the key residues that are essential for car-
bohydrate binding, the aromatic residues located around the
surface of the binding pocket, Tyr-84, Trp-88, Trp-110, Tyr-
261, Trp-277, and Tyr-302 were mutated to either Ala or Ser
and then purified and their binding activities to the tetra-
GlcNAC measured by ITC. The result showed that the mutants
of the aromatic residues on the cleft surface all significantly
decreased binding activity to tetra-GIcNAC, but the mutant of
the aromatic residues Trp-277 far from the sugar and not con-
served in other chitinase like protein did not severely decrease
the binding activity (Fig. 4D). These data indicate that these
conserved aromatic residues are the key residues contributing
to the interactions for carbohydrate binding and that the open
cleft of SI-CLP is the sugar-binding site, as with other chitinase-
like proteins.
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Neutralization of LPS Effects by SI-CLP—Because SI-CLP
shows no tightly restricted sugar-binding property with a wide
binding cleft, we assumed that the wider cleft could adopt var-
ious types of sugar and has no specific sugar-binding property.
LPS is a potent microbial initiator of inflammation containing
oligosaccharide core (18 —20). We further measured the ability
of SI-CLP (0.2 ug/pl) to bind different concentrations of LPS
(0.0015 pg/pl, 0.03 pg/ul, 0.06 pg/ul, 0.12 pug/ul, 0.25 ug/wl)
and found clearly that SI-CLP could bind LPS in a concentra-
tion-dependent manner (Fig. 54).

The effect of SI-CLP on LPS-stimulated inflammation reac-
tion was further investigated. Phorbol 12-myristate 13-acetate-
differentiated THP-1 macrophages were treated with 1 ug/ml
LPS in the absence or presence of 10 ug/ml recombinant SI-
CLP proteins, and the expression of proinflammatory cytokines
IL-1B, IL-8, TNFa, and IL-6 was measured. LPS did stimulate
the production of the cytokines in the presence of only self-
secreted SI-CLP alone, but incubation with recombinant SI-
CLP significantly decreased production of proinflammatory
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FIGURE 5. Effects of recombinant SI-CLP binding to LPS. A, surface plasmon
resonance analyses confirmed the binding of LPS to SI-CLP. Binding of differ-
ent concentrations of LPS, 0.0015, 0.03, 0.06, 0.12, and 0.25 ug/pl, to SI-CLP
(0.2 ng/pl) were examined as described under “Materials and Methods.”
B, level of TNF, IL-6, IL-1p, or IL-8 induced by LPS (1 wg/ml) in phorbol 12-
myristate 13-acetate-differentiated THP-1 macrophages was significantly
reduced when excessive amounts of recombinant SI-CLP (10 wg/ml) were
added in the culture medium compared with that in the presence of only
self-secreted SI-CLP. The results are means = S.D. (error bars) of four inde-
pendent experiments. The p value (*, p < 0.01, cells treated with LPS and
SI-CLP were compared with cells treated only with LPS) was ascertained by
Student’s t test.

factors TNFaq, IL-6, IL-18, and IL-8 (Fig. 5B). Apparently, bind-
ing of SI-CLP with LPS could negate the endotoxin effects
induced by LPS on macrophages.

DISCUSSION

Members of the Glycol_18 family have been studied because
of their functions in the immune system. Acidic mammalian
chitinase has chitinase activity and was identified as a mediator
of IL-13-induced responses in Th2-dominated disorders such
as asthma (1). YM1 reportedly binds GlcN oligomer and is reg-
ulated by Th2 cytokines; it is abundantly expressed in macro-
phages of Th2 chronic inflammation (21). Crystal structures of
chitotriosidase, HCgp39 (YKL40), and YM1 show that they
have a highly conserved TIM barrel fold with a saccharide-
binding cleft (2—5, 17), suggesting that proteins containing this
conserved fold could carry similar functions.

As a novel chitinase-like protein, SI-CLP was found to be
regulated by Th2 cytokines (8), as with acidic mammalian chiti-
nase and YM1. Similar to other chitinase-like protein, SI-CLP is
also expressed abundantly in macrophages. Besides, SI-CLP has
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also been found to be up-regulated in patients with chronic
inflammatory disorders of the respiratory tract, human periph-
eral blood leukocytes (8), osteoarthritis, and rheumatoid arthri-
tis. These data suggest that SI-CLP might involve in innate
immunity. However, the physiology function of SI-CLP has
remained largely unknown. The crystal structure of SI-CLP was
determined here to find clues to its function; biochemical char-
acterization of binding of SI-CLP to saccharides demonstrated
that SI-CLP belongs to the Glycol_18 domain-containing fam-
ily, but has much more structure variations.

The crystal structure of SI-CLP adopts the classical TIM bar-
rel fold with a longer and flattened negatively charged cleft,
suggesting diversified ligand recognition of SI-CLP. In compar-
ing binding by different monosaccharides to SI-CLP using SPR
analysis, the best binding substrate we tested is GlcN; however,
further ITC analysis revealed that for saccharide polymers,
GIcNAC tetramer has the highest binding activity, indicating
that the four-sugar ring core has the best affinity to SI-CLP.
GIcNAC is the component of chitin which is the antigen of
fungus and parasites. Considering the sugar-binding diversity
of SI-CLP, we therefore tried to ascertain whether SI-CLP could
bind LPS, which is composed of a sugar core and lipid chain and
is a kind of antigen from Gram-negative microbes. Indeed,
binding of SI-CLP to LPS was confirmed by SPR analysis (Fig.
5A). The binding of LPS by SI-CLP consequently negates the
LPS-induced endotoxin effect (Fig. 5B). This is the first time
that binding of LPS to chitinase-like protein has been identified
in a macrophage-associated protein.

Considering the low binding activity of SI-CLP to LPS in
vitro, we presume that neutralization of LPS-induced effects by
SI-CLP is through binding to LPS or manipulating a signaling
pathway, or a combined effect. The argument that SI-CLP
could not neutralize LPS effects under physiological conditions
due to a low in vitro affinity to LPS is based on the assumption
that SI-CLP may neutralize LPS effects only by physically bind-
ing LPS and then neutralizing its effects. Because we do not
know how SI-CLP neutralizes LPS effects in vivo, we could only
speculate. How much of a role LPS binding by SI-CLP is in this
process in vivo could not be defined quantitatively right now. In
addition, we must consider the roles of other factors. For
instance, other proteins that associate with SI-CLP in vivo may
increase its affinity to LPS. Besides, overlapping signal pathways
and other factors may also affect SI-CLP functions in vivo. The
affinity of SI-CLP to LPS may help to recruit SI-CLP to the
inflammatory site, even though SI-CLP might not be able to
inhibit LPS completely by direct binding. We suggest that inhi-
bition of LPS-induced IL-18 and other cytokines by SI-CLP
may be either through directly blocking the LPS binding or by
affecting a signal pathway.

Accumulated data have shown that chitinase-like proteins
lacking enzymatic activity are possibly involved in host defense
against chitin-containing pathogens. Unlike other chitinase-
like proteins that have tight ligand-binding restrictions, we
found here for the first time that SI-CLP bind ligands with less
selectivity, and in addition to chitin, SI-CLP could neutralize
LPS-induced immune responses as well. These results suggest
that SI-CLP could not only sense chitin-containing pathogens
as do other chitinase-like proteins, but also could neutralize
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LPS-induced endotoxin effects through either its binding to the
sugar moiety in LPS or other unknown mechanisms. Because of
the association between chitinase-like proteins and immune
diseases (1, 22), further investigation is in progress to establish
in detail the mechanism of SI-CLP in regulation of macrophage
inflammation and the roles that SI-CLP may play in immune
disorders.
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