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ABSTRACT

Leukocyte immunoglobulin-like receptors (LILRs), also
called CD85s, ILTs, or LIRs, are important mediators of
immune activation and tolerance that contain tandem
immunoglobulin (lg)-like folds. There are 11 (in addition
to two pseudogenes) LILRs in total, two with two Ig-like
domains (D1D2) and the remaining nine with four Ig-like
domains (D1D2D3D4). Thus far, the structural features of
the D1D2 domains of LILR proteins are well defined, but
no structures for the D3D4 domains have been reported.
This is a very important field to be studied as it relates
to the unknown functions of the D3D4 domains, as well
as their relative orientation to the D1D2 domains on the
cell surface. Here, we report the crystal structures of the
D3D4 domains of both LILRB1 and LILRB2. The two Ig-
like domains of both LILRB1-D3D4 and LILRB2-D3D4 are
arranged at an acute angle (~60°) to form a bent struc-
ture, resembling the structures of natural killer inhibitory
receptors. Based on these two D3D4 domain structures
and previously reported D1D2/HLA | complex structures,
two alternative models of full-length (four Ig-like domains)
LILR molecules bound to HLA | are proposed.
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INTRODUCTION

Initiation of the immune response and induction of immune
tolerance are two key processes during infection, malignancy,
and autoimmune disease, which are meticulously regulated by
the balance between activating and inhibiting signaling among
immune cells or molecules (Janeway and Medzhitov, 2002;
Prud’homme, 2004; Kawai and Akira, 2006). As a family of
regulatory immune receptors, the leukocyte immunoglobulin-
like receptors (LILRs/LIRs, also called immunoglobulin-like
transcripts (ILTs) or CD85s) are predominantly expressed on
myeloid subsets and postulated to play a pivotal role in the
regulation of immune responses and tolerance (Borges et al.,
1997; Colonna et al., 1997; Cosman et al., 1997; Samaridis
and Colonna, 1997; Saverino et al., 2000; Lanier, 2005). En-
coded within the leukocyte receptor cluster (LRC) on human
chromosome 19, LILRs are functionally related to other LRC
receptors and have been reported to regulate a broad range
of cells involved in the immune system (Fanger et al., 1998;
Colonna et al., 2000; Dietrich et al., 2000; Saverino et al.,
2000; Prod’homme et al., 2007; Morel and Bellon, 2008). For
instance, LILRs on tolerogenic dendritic cells (DCs) modulate
immune responses via induction of T-cell anergy and differ-
entiation of CD8" T suppressor cells (Ts) (Kim-Schulze et al.,
2006). Furthermore, LILRs exert powerful inhibitory effects
on antigen-presenting cell phenotypes and subsequent T-cell
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responses, and they may act to constrain the effects of Toll-like
receptor signaling. LILRs also control innate immunity by ei-
ther inhibiting or activating the cytotoxic activity of natural killer
(NK) and natural killer T (NKT) cells via specific binding to their
ligands on the target cells (Huang et al., 2009; Zheng et al.,
2012).

The LILR family includes 13 distinct members, two of
which are pseudogenes. The ligands for some of the LILRs
have been determined to be classical and non-classical major
histocompatibility complex (MHC, human leucocyte antigen
(HLA) for humans) class | molecules and the class I-like mol-
ecule (Chapman et al., 1999; Shiroishi et al., 2006b). Based
on the structural and biophysical characterization of binding
features of LILRs to HLA molecules, a two-group classification
of the family has been proposed (Willcox et al., 2003). The so-
called “Group 1” receptors, which include LILRB1 (ILT2/LIR-1/
CD85j), LILRB2 (ILT4/LIR-2/CD85d), LILRA1 (LIR-6/CD85i),
LILRA2 (ILT1/LIR-7/CD85h), and LILRA3 (ILT6/LIR-4/CD85¢),
have a high conservation of MHC binding residues. In con-
trast, “Group 2” family members, which include LILRB3 (ILT5/
LIR-3/CD85a), LILRB4 (ILT3/LIR-5/CD85k), LILRB5 (LIR-8/
CD85c), LILRA4 (ILT7/CD85g), LILRAS (ILT11/LIR-9/CD85f),
and LILRA6 (ILT8/CD85b), have low conservation of such
residues (Willcox et al., 2003). Within the Group 1 molecules,
the complex crystal structures of the two immunoglobulin (Ig)-
like domains (D1D2) of LILRB1 respectively bound to HLA-A2
and the class I-like molecule UL18, as well as the complex of
LILRB2 bound to HLA-G have been determined, illuminating
the interaction mode between the D1D2 domains and their
HLA-related and indicating a pivotal role of D1D2 in the binding
(Willcox et al., 2003; Shiroishi et al., 2006b; Yang and Bjork-
man, 2008). In addition, the crystal structure of the D1 domain
of LILRA3 also reveals the binding features to HLA | molecules
but with reduced affinities compared to LILRB1/B2 (Ryu et al.,
2011). Despite high levels of sequence similarity to LILRA3
and LILRB1/B2, the crystal structure of the extracellular D1D2
domain of LILRA2 shows structural shifts of the corresponding
HLA-binding amino acids compared to LILRB1/B2, explain-
ing its lack of binding to HLA molecules (Chen et al., 2009).
In contrast, detailed analysis of the structures of the Group 2
members LILRB4 and LILRBS indicate why they do not bind to
HLA (Shiroishi et al., 2006a; Cheng et al., 2011). Regardlessily,
these studies characterize the structures of the membrane-
distal domains (D1 or D1D2) of LILRs and demonstrate their
roles in ligand binding.

Recently, it has been reported that the inhibitory receptors
LILRB1 and LILRB2 vary in their level of binding to different
HLA alleles (Jones et al., 2011). The binding of LILRB2 to HLA-
B*3501 and B*3503 is influenced by the polymorphic residues
within the a1a2 domain of the HLA |, which is distant from the
LILRB2-D1D2 binding region of the HLA I(Huang et al., 2009).
Interestingly, human immunodeficiency virus (HIV)-derived
peptides mutated by only one amino acid that is solvent-
exposed have a substantial impact on the binding affinity of
the HLA-B27 tetramer to LILRB2 (Lichterfeld et al., 2007).
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Furthermore, mutational escape in HLA-A11-, B8-, and B7-
restricted immunodominant HIV-1 cytotoxic T lymphocyte (CTL)
epitopes consistently enhances binding of the respective HLA |
complexes to LILRB2 (Yang et al., 2010). One explanation for
these newly identified interactive features of LILRs with HLA
is that the LILR D3D4 domains may affect or even directly en-
gage in the binding to HLA | (Lichterfeld and Yu, 2012), though
the molecular basis of such an interaction has not been dem-
onstrated.

The determination of LILR D3D4 domain structures is im-
portant for our understanding of the entire assembling mode
of the four-domain LILRs on the cell surface and will highlight
the molecular mechanism of the interaction of LILRs with HLA I.
In consideration of the newly identified non-HLA | ligands of
LILRs, such as angiopoietin-like proteins (ANGPTLs) (Zheng
et al., 2012), D3D4 structures will also provide new insight into
LILRs functions by elucidating the whole potential ligand bind-
ing region together with previously solved D1D2 structures
(Chen et al., 2009).

Here, we report the crystal structures of the D3D4 domains
of both LILRB1 and LILRB2, the first solved D3D4 domain
structures in the LILRs family. Different from the previously de-
termined D1D2 domains of LILRs, an uncommon architecture
of the two membrane-proximal domains was observed, which
is similar to the domain arrangement in KIR2DL3 (Maenaka et
al., 1999). Based on detailed structural analyses of the D3D4
domains of LILRs and the previous HLA I/D1D2 complexes,
two alternate models of the entire ecto-domain of LILRs com-
plexed with HLA | are proposed.

RESULTS
Overall structures of the D3D4 domains

Both LILRB1-D3D4 and LILRB2-D3D4 are comprised of two
Ig-like domains as expected, with each composed of B-strands
arranged into two anti-parallel B-sheets. The topology of the
LILRB1-D3D4 and LILRB2-D3D4 domains is similar to that of
the LILRB1-D1D2 and LILRB2-D1D2 domains but with some
distinctive features (Fig. 1). Both the LILRB1-D3 and LILRB2-
D3 domains contain B-strands arranged into two anti-parallel
B-sheets, with one B-sheet containing three anti-parallel
B-strands (A, B, and E) and the second containing four anti-
parallel B-strands (C', C, F, and G). In the D3 domain, two poly-
proline Il helices are located in the A-B and F-G loops, and one
310 helix is located in the E-F loop.

However, the topology of the D4 domain differs between
LILRB1 and LILRB2. The LILRB1-D4 domain is comprised of
B-strands arranged into two anti-parallel B-sheets, with one
B-sheet containing five anti-parallel B-strands (A, B, B', E, and
E’) and the second containing three anti-parallel B-strands
(C, C, and F). The G strand is disordered in the LILRB1-D3
domain structure. The LILRB2-D4 domain is composed of
B-strands arranged into two anti-parallel B-sheets, with one
B-sheet containing four anti-parallel B-strands (A, B, E, and C")
and the second containing four anti-parallel 3-strands (C', C, F,
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Figure 1. Overall structures of the D3D4 domains of LILRB1 and LILRB2. (A) Ribbon diagram of the LILRB1-D3D4 structures, with
340 helices indicated in yellow and polyproline Il helices shown in red. (B) Topological diagram of the LILRB1-D3D4 structure. (C) Rib-
bon diagram of the LILRB2-D3D4 structure, with 3, helices indicated in yellow and polyproline Il helices shown in red. (D) Topological
diagram of the LILRB1-D3D4 structure. (E and F) Stereoview of LILRB1 (green) and LILRB2 (blue) D3D4 domains superimposed on
KIR2DL3 (orange) through Ca atoms.
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Figure 2. Comparison of secondary structural elements in the C-C’ region of LILRB1-D1 (A), LILRB1-D3 (B), LILRB1-D4 (C),
LILRB2-D1 (D), LILRB2-D3 (E), and LILRB2-D4 (F). Helical elements in the C-C' region are shown in green and B-strands in red. B-strands
are observed in the C-C' regions of LILRB1-D3, LILRB1-D4, LILRB2-D3, and LILRB2-D4, compared to 3,, helices in the same regions of

LILRB1-D1 and LILRB2-D1.

and G). Similar to the D3 domain, two polyproline Il helices are
located in the A-B and F-G loops, and one 3, helix is located
in the E-F loop.

A Dali search (http://ekhidna.biocenter.helsinki.fi/dali_
server) identified several similar structures to LILRB1-D3D4
and LILRB2-D3D4, including KIR2DL3 (PDB accession 1B6U,
Z-score 22.4, root mean square deviation (rmsd) 2.5 A for 190
amino acids), KIR2DS4 (PDB accession 3H8N, Z-score 22.2,
rmsd 3.0 A for 189 amino acids), and KIR2DL2 (PDB acces-
sion 2DLI, Z-score 21.8, rmsd 2.6 A for 189 amino acids). This
implies that the D3D4 domains may function similarly to the
KIR molecules.

Comparison with LILR D1D2 domain structures

The topology of the LILRB1/B2-D1 domains includes B-strands
arranged into two anti-parallel B-sheets, with one B-sheet con-
taining three anti-parallel B-strands (A, B, and E) and the sec-
ond containing four anti-parallel B-strands (C, F, G, and A") and
a 349 helix (Chapman et al., 2000; Willcox et al., 2002). Com-
pared to LILRB1/B2-D1 domains, the LILRB1/B2-D3 and -D4
domains have two main structural differences. First, the 3,5 helix
between the C and E strands is replaced by a C’ strand. Second,
the A" strand is replaced by a polyproline Il helix (Figs. 1 and 2).
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Interestingly, previous studies demonstrate that the 3,4 helix
region between the C and E strands in LILRB2-D1 is directly
involved in the recognition of the a3 domain of HLA-G (Shi-
roishi et al., 2006b), and the corresponding region of LILRB1-
D1 is also involved in interactions with the a3 domain of HLA-
A2 (Willcox et al., 2003). Alterations in this region of LILRB1/
B2-D3 and LILRB1/B2-D4 could affect binding to HLA mol-
ecules. Notably, the C' strand we observe in the LILRB1/B2-
D3 and LILRB1/B2-D4 structures has previously been noted
in LILRA2-D1, LILRA5-D1, and LILRB4-D1 (Shiroishi et al.,
2006a; Chen et al., 2009; Cheng et al., 2011), suggesting that
the LILRB1/B2-D3D4 domains might bind similar ligands to
LILRA2, LILRAS, or LILRBA4. In contrast, the 3,4 helix observed
between the E and F strands in LILRB1/B2/A5-D1 is preserved
in the LILRB1/B2-D3 domain. Additionally, the new polypro-
line Il helix between the A and B strands in the LILRB1/B2-D3
domains, which is close to the inter-domain region, implicates
that the inter-domain interaction between D3 and D4 might be
different from that between the D1 and D2 domains.

The LILRB1/B2-D4 domains also display a new 3,4 helix
between the E and F strands, which does not exist in the D2
domains of most LILRs, with the exception of the LILRB4 re-
ceptor. This feature further confirms our previous conclusion
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that the LILRB4-D2 domain is most closely related to the D4
domains of other LILRs (Cheng et al., 2011). LILRB4-D2 also
displays another novel 3, helix between the C and C' strands,
but this helical region does not exist in the LILRB1/B2-D4 do-
mains.

Hinge region angles of the D3D4 domains

Previous studies indicate that the inter-domain interface of
LILRs is stabilized by both inter-domain hydrogen bonds and
hydrophobic interactions that are relatively conserved across
the family (Chapman et al., 2000; Willcox et al., 2002; Shiroishi
et al., 2006a; Cheng et al., 2011). In previous LILR structures,
the D1-D2 hinge region angles are ~90° in their ligand-free
forms, except that the D1-D2 hinge region angle of LILRB4 is
107° in its ligand-free form (Fig. 3) (Note: as discussed above,
LILRB4 is unique). Strikingly, the D3-D4 hinge region angles
of LILRB1/B2 are ~60° in their ligand-free forms (Fig. 3). This
much smaller hinge region angle results from distinct feature of
the D3-D4 domain interface.

For the LILRB1/B2-D1D2 domains, a conserved hydropho-
bic inter-domain contact region (hydrophobic core) is formed
by D1 residues (V15, V94, and T96) and D2 residues (Y175
and W185), especially the W185 located in the center of the
contact region, contributing to the size of the hydrophobic core,
with an open shape (Fig. 4). In addition to the key hydrophobic
core, other D1 residues (W67, A70, and R72 for LILRB1 and
W67, T70, and R72 for LILRB2) and D2 residues (Y183 and
E184 for LILRB1 and Y183 and V184 for LILRB2) are also in-
volved in the inter-domain interaction.

For the LILRB1/B2-D3D4 domains, a similar hydrophobic
core is formed by D3 residues (115, L97, and A99 for LILRB1
and V15, L97, and T99 for LILRB2) and D4 residues (Y178
and L188) (Fig. 4). The less bulky L188 is located in the center
of the contact region, contributing less to the size of the hydro-
phobic core, with a converged shape. In addition to the hydro-
phobic core, other D3 residues (R69, G72, and Q74) and D4
residues (Y186 and L187) are involved in the inter-domain in-
teraction as well. The less bulky D3 residues further contribute
to a smaller hinge region angle between the D3-D4 domains.

Interestingly, in LILRB4, the inter-domain hydrophobic core
is formed by D1 residues (V15, V93, and T95) and D2 residues
(F173 and L183; H139, P140, L141, and L142 from the C-C'
340 helix) (Cheng et al., 2011). The same less bulky L183 is in
the center of the contact region, but LILRB4 displays a larger
hinge region angle (107°). This larger angle is most likely due
to the unique LILRB4-D2 C-C' 3,4 helix, which enlarges the
size of the hydrophobic core, with a more open shape. Thus,
the less bulky leucine residue could make the hinge region of
the two Ig domains more flexible than the aromatic residue
tryptophan.

Alternative models of HLA binding to the LILR ectodomain

Previous structural investigations of LILR-HLA | complex
structures are restricted to the two most distal extracellular
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Figure 3. Comparison of the inter-domain angles of LILRB1-
D3D4 and LILRB2-D3D4 with LILRB1-D1D2, LILRB2-D1D2,
and LILRB4-D1D2. Both LILRB1-D3D4 and LILRB2-D3D4 show
a more acute angle than LILRB1-D1D2, LILRB2-D1D2, and
LILRB4-D1D2.

domains (D1 and D2) (Willcox et al., 2003; Shiroishi et al.,
2006b), which contact the a3 domain and the f2m domain of
HLA class | molecules. These structural data may suggest that
interactions between HLA class | alleles and LILRs are static
and independent of HLA sequence polymorphisms, as most
of the polymorphisms occur in the a1/02 domain. However,
increasing evidence suggests that the LILR interactions with
HLA class | molecule are influenced by polymorphisms in HLA
class | alleles or sequence variations in the presented antigenic
peptides (Lichterfeld et al., 2007; Jones et al., 2011), especially
the HLA-B*35 Px subtypes accelerating HIV-1 disease pro-
gression by increasing the LILRB2-dependent but not LILRB1-
dependent functional inhibition of DCs (Huang et al., 2009).
Based on our crystal structures of the LILRB1-D3D4 and
LILRB2-D3D4 domains, as well as previously reported LILRB1-
D1D2/HLA-A2 and LILRB2-D1D2/HLA-G complex structures,
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Figure 4. Structural features at the interfaces between the D1 and D2 or D3 and D4 domains of LILRB1 and LILRB2. Critical dif-
ferences between the D1-D2 interface or D3-D4 interface of LILRB1 and LILRB2 are shown. For both receptors, the D1 domain is shown
in green, the D2 domain in yellow, the D3 domain in red, and the D4 domain in blue. Amino acids involved in stabilizing the inter-domain
interface are presented in stick representation. Both D3-D4 interfaces have less bulky residues than the D1-D2 interfaces. The residue
W185 in the D1-D2 interface contributes a great deal to the larger inter-domain angle than that between D3 and D4, which have an equiv-

alent relatively smaller residue L188.

we proposed two alternative models of HLA binding to the full-
length LILR ectodomain (Fig. 5). The models were manually
generated using Chimera software. The main difference be-
tween these two models is the hinge region between the D2-
D3 domains. In the first model, the LILRB1-D3D4 domains are
distant from the a1/a2 domain and peptide-binding region and
have no effect on the recognition of peptide variations and HLA
class | allele polymorphisms. In the second model, the LILRB2-
D3D4 domains are oriented toward the a1/a2 domain and
peptide-binding region and are directly involved in the interac-

766 | October 2013 | Volume 4 | Issue 10

tion with peptide and the a1/a2 helices. The overall interaction
mode may resemble KIR binding to HLA molecules, as the
D3D4 domains of LILRB1/B2 have similar three-dimensional
folds to KIR molecules.

DISCUSSION

Here, we report the crystal structures of the two proximal do-
mains (D3D4) of LILRB1 and LILRB2, the first such structures
for LILR family members. The LILRB1- and LILRB2-D3D4
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Figure 5. Alternative models of full-length LILR molecules binding to peptide-HLA (pHLA). (A) Model of full-length LILRB1 binding
to pHLA. The model was generated by combining the LILRB1-D1D2/HLA-A2 complex structure with the LILRB1-D3D4 structure. The ori-
entation between the D2 and D3 domains was manually linked to orient the D3D4 domains away from the pHLA. (B) Model of full-length
LILRB2 binding to pHLA. The model was generated by combining the LILRB2-D1D2 and HLA-G complex structure with the LILRB2-
D3D4 structure. The orientation between the D2 and D3 domains was manually linked to orient the D3D4 domains toward the pHLA.

domains consist of two Ig-like domains, which are similar to
the LILRB1-D1D2 and LILRB2-D1D2 domains but with some
distinctive features. For instance, a novel polyproline Il helix
was observed in the A-B loops in both the D3 and D4 domains
of LILRB1 and LILRB2. The polyproline Il helix of the A-B loop
in the D3 domain is close to the inter-domain region and may
be involved in the inter-domain interaction. Because of the high
degree of identity shared between LILR family members, the
LILRB1- and LILRB2-D3D4 structures can be used as a first-
order model for the structures of other LILR proteins.

A Dali search identified that the structures of KIR molecules
most closely resemble LILRB1-D3D4 and LILRB2-D3D4, im-
plying that LILRB1-D3D4 and LILRB2-D3D4 may have similar
functions to KIR molecules, which bind the a-helix platform of
HLA | molecules. Further structural analysis revealed that the
inter-domain angle (~60°) of the D3D4 domains is more acute
than that (90° or 107°) of the D1D2 domains but similar to the
inter-domain angle of KIR molecules. This acute inter-domain
angle results from the less bulky D3 residues, which are con-
served in the D3D4 domains of other LILR family members.
Consistent with this, our studies of PD-L1 show that the angle
between neighboring Ig domains can shift as a result of altered
interactions between hydrophobic residues (Chen et al., 2010).

Previous studies demonstrate that the first two domains
of LILR molecules (LILRB1 and LILRB2) mainly bind HLA I

© Higher Education Press and Springer-Verlag Berlin Heidelberg 2013

molecules through the 3,4 helix region between the C and E
strands, which is directly involved in the recognition of the a3
domain of the HLA | molecule (Willcox et al., 2003; Shiroishi
et al., 2006b). However, in the D3D4 structures, the 3, helix
region is replaced by the C' strand, indicating that the D3D4
domain cannot bind HLA | molecules in the same manner that
D1D2 domains do, if at all.

Recent studies of the inhibitory receptors LILRB1 and
LILRB2 show that they vary in their level of binding to differ-
ent HLA | alleles (Jones et al., 2011). The binding of LILRB2
to HLA-B*3501 and B*3503 is influenced by the polymorphic
residues within the ala2 domain, which is distant from the
LILRB2-D1D2 binding region of HLA (Huang et al., 2009).
Further, HIV-derived peptides substituted by only one amino
acid have a substantial impact on the binding affinity of HLA-
B27 tetramers to LILRB2 (Lichterfeld et al., 2007). However,
for LILRB1, no similar observations have been reported.
Therefore, we propose two alternative models for full-length
LILR binding to peptide-HLA molecules (Fig. 5) to interpret the
differential biological outcomes of LILRB1 and LILRB2. One
model shows that the D3D4 domains orient away from the
a1a2 domain of the HLA molecules, while the other shows that
the D3D4 domains orient toward the a1a2 domain, implicating
that the D3D4 domain might be involved in the interaction with
the top of the a1a2 domain via the D4 domain. These different
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orientations of the D3D4 domains may be determined by differ-
ent D2D3 inter-domain residues in LILRB1 and LILRB2, which
requires real complex structures to confirm.

In conclusion, we provide the first glimpse into the structural
features of the D3D4 domains of LILRB1 and LILRB2 and
implicate how full-length LILR molecules may bind to HLA mol-
ecules. Differential orientation models of the D3D4 domains rela-
tive to D1D2 are proposed, which will promote further studies.

MATERIALS AND METHODS
Gene cloning, protein expression, and purification

The genes for the two proximal extracellular domains (D3D4; residues
230-419) of both LILRB1 and LILRB2 (LILLB1-D3D4 and LILRB2-
D3D4) were cloned into the pET21a vector, respectively. The recom-
binant proteins were expressed in inclusion bodies in Escherichia
coli strain BL21(DE3) pLysS (Novagen) and prepared as previously
described (Chen et al., 2007). Briefly, the inclusion bodies were
isolated from cell pellets by sonication and washed with washing
buffer (0.5% Triton X-100, 50 mmol/L Tris-HCI, pH 8.0, 300 mmol/L NaCl,
10 mmol/L EDTA, 10 mmol/L B-mercaptoethanol (B-ME), and 0.1%
NaNs), resuspension buffer (50 mmol/L Tris-HCI, pH 8.0, 100 mmol/L
NaCl, 10 mmol/L EDTA, 10 mmol/L B-ME, and 0.1% NaN,), and then
dissolved overnight in a denaturing buffer (6 mol/L guanidine hydro-
chloride, 50 mmol/L Tris-HCI, pH 8.0, 100 mmol/L NaCl, 10 mmol/L
EDTA, 10% (v/) glycerol, and 10 mmol/L DTT).

The proteins were renatured by the dilution refolding method using
the following refolding buffer: 100 mmol/L Tris-HCI, 2 mmol/L EDTA,
400 mmol/L L-arginine HCI, 0.5 mmol/L oxidized glutathione, 5 mmol/L
reduced glutathione, 0.1 mmol/L PMSF, and 0.1 mmol/L NaNs, with
the pH adjusted to 8.0, at a final protein concentration of 1-2 ymol/L at
4°C. The refolding reaction was incubated overnight and then concen-
trated using a stirred cell and ultra-centrifugal filter devices (Millipore).
Refolded protein was purified by size exclusion chromatography using
a HiLoad™ Superdex® 75 16/60 PG column with an AKTA FPLC (GE
Healthcare). LILRB1-D3D4 and LILRB2-D3D4 proteins were further
purified by anion-exchange chromatography (Resource Q, GE Health-
care).

Crystallization and data collection

Both purified LILRB1-D3D4 and LILRB2-D3D4 were concentrated
to 20 mg/mL in a buffer consisting of 20 mmol/L Tris, pH 8.0, and
50 mmol/L NaCl. Initial screening of crystallization conditions was per-
formed using sparse matrix approaches with commercial screening
kits supplied by Hampton Research. All crystallization experiments
were performed using the vapor diffusion method at both 18°C and
4°C. Rod-shaped crystals of LILRB1-D3D4 were obtained in hanging
drops equilibrated against a reservoir solution containing 0.2 mol/L Nal,
pH 6.9, and 10 mg/mL protein at 4°C. Crystals of LILRB2-D3D4 were
obtained in hanging drops with a reservoir solution containing 3.5 mol/L
sodium formate, 0.1 mol/L Tris, pH 8.0, and 10 mg/mL protein at 18°C.
For data collection, crystals were soaked in reservoir buffer supple-
mented with 15% (v/v) glycerol for 60 s before they were flash-cooled
to 100 K in a nitrogen gas stream. X-ray diffraction data were collected
at the Shanghai Synchrotron Radiation Facility (SSRF) beamline 17U
(Table 1). All data were processed with HKL2000 (Otwinowski and Mi-
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nor, 1997).

The LILRB1-D3D4 structure was solved by single wavelength
anomalous dispersion (SAD) using 2.7 A data from a crystal soaked
with iodine. The crystal structure of the D3D4 domains of LILRB2 was
solved to 2.5 A by molecular replacement using Phaser (Read, 2001)
from the CCP4 program suite (Collaborative Computational Project,
1994) and the crystal structure of LILRB1-D3D4 as a search model.
Initial rigid body refinement was performed using REFMAC5 (Murshu-
dov et al., 1997), and extensive model building was performed using
COQT (Emsley and Cowtan, 2004). Further rounds of refinement were
performed using the phenix.refine program implemented in the PHE-
NIX package (Adams et al., 2010) with energy minimization, isotropic
ADP refinement, and bulk solvent modeling. The structures were then
adjusted using COOT and refined with PHENIX. Final statistics for
data collection and structure refinement are represented in Table 1.
The stereochemical quality of the final model was assessed with the
program PROCHECK (Laskowski et al., 1993).

Table 1. Statistics for crystallographic data collection and struc-
ture refinement

LILARB1-D3D4  LILRB2-D3D4

Data collection

Space group Cc2 P21
Cell dimensions
121.26 57.37
a, b, c(A) 71.98 66.17
75.04 83.72

a, B,y (°) 90, 95, 90 90, 95, 90
Resolution (A) 50.0-2.7 50.0-2.5
Rierge 0.087 (0.524) 0.082 (0.597)
llal 15.5(2.7) 16.4 (2.2)
Completeness (%) 97.5 (96.5) 99.7 (99.5)
Redundancy 3.7(3.7) 3.7(3.7)
Refinement
Resolution (A) 32.8-2.7 43.2-25
No. reflections 16729 21645
Ryord Riree 0.2432/0.2886 0.2213/0.2717
No. atoms

Protein 4497 4539

Water 90 71
B-factors

Protein 68.3 51.8

Water 491 38.8
R.m.s. deviations

Bond lengths (A) 0.011 0.007

Bond angles (°) 1.693 1.311
Ramachandran Plot (%)

Most favoured regions 77.9 91.7

Additional allowed regions 20.6 7.9

Generously allowed regions 1.5 04

Disallowed regions 0 0

*Values in parentheses are for highest-resolution shells.
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PROTEIN DATA BANK ACCESSION NUMBERS

The atomic coordinates of LILRB1-D3D4 and LILRB2-D3D4 have
been deposited in the RCSB Protein Data Bank with accession codes
4LL9 and 4LLA, respectively.
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