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P domain contact residues (number of nonbonded interactions printed under each).
PC  contact residues (number of nonbonded interactions printed under each).

CDRs (complementarity-determining regions) indicate loops as defined in immunoglobulins.

Figure S1.  Alignment of CD300 family members. The secondary structure for mCD300lf is shown above the alignment.
The complementarity-determining regions (CDR1, CDR2, and CDR3) are marked as defined for the variable chain of an
immunoglobulin. The cyan colored stars under the alignment denote positions of contact between mCD300lf and MNoV
P domain. The number of nonbonded interactions is given under each contact (star or circle) as determined by HBPLUS
using the default cutoff distance of 3.9 Å (1). The sequence conservation is marked by the color of the boxes around the
one letter amino acid abbreviations. An "m" in a sequence name stands for mouse, and "h" stands for human. The sequences,
obtained from the National Center for Biotechnology Information (NCBI), are as follows: mCD300lf, NCBI reference
sequence NP_663609; mCD300ld, reference sequence NP_663412; mCD300lh, reference sequence NP_001095126;
mCD300lb Genbank accession AAR27944; mCD300e, reference sequence NP_742047; mCD300c, reference sequence
NP_954695; mCD300a, reference sequence NP_739564; mCD300lg, reference sequence, NP_001154183; and hCD300f
reference sequence, NP_001276013.

Figure S1



Contacts with GCDCA from green monomer
CD300lf contacts (number of nonbonded interactions beneath) P domain dimer contacts

Hydrogen bond dimer contacts
Salt bridge dimer contactsContacts with GCDCA from cyan monomer

Figure S2



CD300lf contacts (number of nonbonded interactions beneath)

Figure S2 continued...

Contacts with GCDCA from green monomer
P domain dimer contacts
Hydrogen bond dimer contacts
Salt bridge dimer contactsContacts with GCDCA from cyan monomer

Figure S2. Alignment of norovirus P domain isolates. The secondary structure for MNoV isolate MNV-1.CW3, corresponding
to the CD300lf bound x-ray structure in Figure 1, is given above the sequence alignment. The cyan stars mark contacts
against CD300lf in the co-complex structure. Diamonds mark the P-domain monomer-monomer contacts at the dimer
interface. Green filled diamonds indicate hydrogen bonding positions while red filled diamonds mark salt bridge positions
across the dimer interface. The number of nonbonded interactions is given under each contact (diamond, circle, or star) as
determined by HBPLUS using the default cutoff distance of 3.9 Å. The sequences were obtained form the National Center
for Biotechnology Information (NCBI) using the following Genbank accession numbers: MNV1.CW3, ABJ98944.1;
MNV1.CW1, was taken from NCBI reference sequence YP_720002.1; GV.15, ABU55622; Berlin, ABI95835; S7-PP3,
BAH04377; GV.17, ABU55598; GV.20, ABU55619; GV.10, ABU55610; GV.1, ABU55586; CR6, AEY83583.1; CR10,
ABU55613. HuGII from NCBI reference sequence YP_009237898.
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Figure S3. Comparison of GCDCA and LCA binding to the P domain. (A) Ribbon diagram
of GCDCA bound to the CD300lf-P domain cocomplex from Fig. 3. (B) Ribbon diagram of
LCA bound to the cocomplex. A plot of contacts made by each ligand is given in (C) and (D).
The color of the residue name (cyan or green) matches contributing P monomer.  Salt bridge
interactions are shown as dotted lines.  P domain residues that make hydrophobic contacts are
shown with red arcs.
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Figure S4.  Binding affinity of GCDCA for P domain, and P domain variants as measured by isothermal
titration calorimetry. The P domain proteins were dialyzed extensively against buffer containing 30 mM Hepes,
pH 7.4, 150 mM NaCl and 1 mM CaCl2.  The top row shows injections of GCDCA in the same buffer into
the reaction well containing wild type CW3 P domain. The first panel includes a chemical diagram of the
sodium salt of GCDCA. The binding affinity was reproducible yielding as the average from 3 trials a KD of
~ 5.76 ± 1.26 µM. The first panel of the second row shows injection into P domain of TCA, a closely related
bile salt that does not enhance MNoV infection. No binding was observed and we conclude the binding signal
depends on the exact chemical formula of the bile acid.  A chemical diagram of the sodium salt of TCA is
included for comparison with GCDCA. The remaining panels show injections of GCDCA into variants of the
MNoV P domain. The A446D variant binds similar to wild type. The R390Y binds with ~ 50 fold higher
affinity. The remaining two variants, R437D, Y250D show very little if any binding.              .
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Figure S5.  Binding affinity of CD300lf for the P domain measured by isothermal titration calorimetry. The upper left panel
shows the titration of CD300lf  into P domain. The KD = 24.51 ± 1.72 µM value represents the average of two independent
trials. The Ca2+ indicates the CD300lf and P domain proteins were dialyzed extensively against buffer containing 30 mM
Hepes, pH 7.4, 150 mM NaCl with 1mM CaCl2. For those trials where binding occured, the protein concentrations used,
and the parameters obtained are give below the data plots. Dialysis of the proteins in buffer containing 0.1M EGTA without
added CaCl2 resulted in no binding signal (middle upper panel).  Binding was observed in buffer containing 0.1M EGTA
with 1 mM MgCl2 (upper left panel), being nearly equivalent to that observed in the original Ca2+ buffer.  The DE-loop
panel shows CD300lf binding was undetectable to a P domain mutant missing part of the CD300lf binding site (residues
Asn364, Ala365, and Asp366). The DE-loop variant does not bind Fc-CD300lf by BLI (Fig 6). The lower middle panel
shows no binding was observed upon injection of CD300lf into buffer alone (no P domain control). Although it was not
possible to calculate a molar ratio (without P domain) the data was plotted to match other titrations for comparison. In the
lower right panel, addition of 250 µM GCDCA to the calcium buffer gave a small but reproducible increase in CD300lf
binding affinity, about 2 fold, yielding a KD 12.1 ± 0.17 µM value.  These data indicate that divalent cation(s) are required
for CD300lf binding.  Binding parameters such as the number of binding sites (n), the binding constant (K, M-1), and the
binding enthalpy (∆H, kcal/mol of bound ligand), were determined by fitting the experimental binding isotherms.
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Figure S6.  Comparison of predicted A6.2.1 contact site with the CD300lf contact site on the P
domain. On the left is the predicted footprint of the A6.2.1 antibody. The dark magenta represents
the four positions reported for escape mutants (2).  The pink area shows the surface contributed
by residues implicated in A6.2.1 binding by site directed mutagenesis studies (3-5).  On the left
in yellow are the P domain contacts within 4.5 Å of CD300lf determined from the co-complex
structure (Fig. 1). The P domain surface is in green with metal ions in silver.
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Figure S7. Fc-CD300lf binding to P domain purified from infected cell lysate. To capture virus
and virus fragments, the P domain specific antibody A6.2.1 was immobilized on a CM5 chip using
standard NHS-EDC chemistry. Then MNV1.CW3-infected cell lysate was passed over the A6.2.1
coated surface (in the last flow cell) and allowed to bind. For a negative control, mock-infected cell
lysate was passed over the A6.2.1 coated surface (middle flow cell). For a reference, the Chikungunya
virus specific antibody CHKV-265 was immobilized onto the chip and used to capture purified
Chikungunya virus-like particles (VLPs, first flow cell). (A) When Fc-CD300lf was passed over
all three prepared surfaces, very little binding occurred on the Chikungunya or the mock lysate
coated surfaces but good binding was recorded in the last flow cell containing the CW3 virus lysate
coated surface. The Chikungunya VLP reference signal was subtracted from all three curves. Arrows
mark the start and stop of the Fc-CD300lf injection. (B) To check for specificity, the experiment
was repeated but this time the antibody A6.2.1 was used to cover any P domain protein before the
Fc-CD300lf was passed over the chip. A6.2.1 did not bind the Chikungunya VLP or mock lysate
coated surface, although it did bind strongly to the CW3 lysate coated surface. Further, pretreatment
with A6.2.1 significantly reduced binding of Fc-CD300lf to the CW3 lysate, demonstrating that
the Fc-CD300lf binding signal is specific for the P domain.
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Figure S8. TIM-4 and CD300lf bind lipid headgroups by a similar mechanism. (A) Surface representation
of the TIM-4 IgV domain showing the bound ligand phosphatidylserine (PS). The coordinating sodium
ion is shown in silver with the bonding as gray dots. One water coordinated to the metal is shown
as a red sphere. (B) The CD300lf binding pocket with a phosphocholine (PC) headgroup bound. (C)
Electron density map around the PC ligand (in blue mesh, contoured at 1σ).                .
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Figure S9

Sequence (113 amino acids)

MEDPVTGPEEVSGQEQGSLTVQ
CRYTSGWKDYKKYWCQGVPQR
SCKTLVETDASEQLVKKNRVSIRD
NQRDFIFTVTMEDLRMSDAGIYW
CGITKGGLDPMFKVTVNIGPVPT

Mass predicted:
12764.2 (mono.)

Mass observered:
12761.0

Sequence (323 amino acids)

MRMVDLPVIQPRLCTHARWPAPVYGLLVDP
SLPSNPQWQNGRVHVDGTLLGTTPISGSWV
SCFAAEAAYKFQSGTGEVATFTLIEQDGSA
YVPGDRAAPLGYPDFSGQLEIEVQTETTKT
GDKLKVTTFEMILGPTTNADQAPYQGRVFA
SVTAAASLDLVDGRVRAVPRSIYGFQDTIP
EYNDGLLVPLAPPIGPFLPGEVLLRFRTYM
RQIDTADAAAEAIDCALPQEFVSWFASNAF
TVQSEALLLRYRNTLTGQLLFECKLYNEGY
IALSYSGSGPLTFPTDGIFEVVSWVPRLYQ
LASVGSLATGRMLKQLEHHHHHH

Mass predicted:
35358.9 (mono.)

Mass observed:
35357.9
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Figure S9.  The CD300lf and P domain proteins used in this study are monomeric.  (A) The deconvoluted mass spectrum
for the CD300lf ectodomain protein determined by electrospray mass spectrometry. On the right is the amino acid sequence
of the expression construct showing good agreement between the predicted and observed mass values. (B) The mass
spectrometry data and sequence for the VP1 P domain protein. Both the purified P domain (C) and the CD300lf ectodomain
(D) assay as monomer by size exclusion chromatrography multi-angle light scatter (SEC-MALS) analysis.         .



 

Table S1. Data Collection and Refinement Statistics 

 CD300lf / P domain CD300lf / PC 

 PDB ID code 6C6Q 6C74 
 Unit-cell, Å 48.71, 135.24, 139.51 

 

32.64, 40.06, 68.29 

 Space group P212121 P212121 
aResolution range, Å 62.00- 2.00 

(2.07 - 2.00) 
 34.15  - 1.35  
  (1.41  - 1.35) 

 
 Total reflections 377874 (17218) 117261 (5469) 

Unique reflections 57592 (3530) 19612 (1620) 
Average multiplicity 6.6 (4.8) 6.0 (3.2) 
Mean I/σ(I) 8.56 (0.79) 11.21 (0.54) 
Completeness, % 91 (57) 98 (83) 
Rmerge 0.1781 (1.7) 0.1039 (1.802) 
Rmeas 0.1937 (1.913) 0.1139 (2.169) 
CC1/2 0.994 (0.439) 0.998 (0.421) 
CC* 0.998 (0.781) 0.999 (0.77) 
Refinement  
  Rwork 0.1847 (0.2899) 0.1677 (0.3581) 

  bRfree 0.2253 (0.3482) 0.1919 (0.3306) 
  CC(work) 0.956 (0.727) 0.971 (0.428) 
  CC(free) 0.932 (0.600) 0.963 (0.405) 
Number of Atoms  
  non-hydrogen atoms 7267 

 

1028 
  macromolecules 6443 877 
  ligands 96 

 

13 
Protein residues 828 111 
Solvent molecules 728 

 

138 
RMS(bonds) 0.004 0.012 
RMS(angles) 0.60 1.34 
Ramachandran, favored, % 96.59 97.25 
Ramachandran, allowed, % 3.41 

 

2.75 
Ramachandran, outliers, % 0 0.00 
Rotamer outliers, % 0.71 0.00 
Clashscore 0.62 2.84 
B-factor Model  
Average B factor, Å2 30.58 16.76 
  macromolecules 29.99 15.19 
  ligands 41.60 22.76 
  solvent 34.40 26.19 
aValues in parentheses refer to the highest resolution shell. bRfree = free R factor based on random 5% of all data. 
Diffraction source was ALS BL4.2.2 using detector RDI CMOS_8M. Data processing, scaling statistics, and refinement 
statistics are described in the Experimental Procedures. 

 



 Table S2. Data Collection and Refinement Statistics for Bile Acid Structures 

 CD300lf / P domain GCDCA CD300lf / P domain LCA 

 PDB ID code 6E47 
 

6E48 
  Unit-cell, Å 49.11, 134.82, 139.59 

 

101.09 152.89 70.04 

 Space group P212121 P21212 
aResolution range, Å 60.70- 1.95 

(2.02 - 1.95) 
 63.67  - 1.80  
  (1.87  - 1.80) 

 
 Total reflections 387544 (15173) 188776 (11228) 

Unique reflections 67388 (1306) 95932 (6238) 
Average multiplicity 5.8 (2.6) 2.0 (1.8) 
Mean I/σ(I) 6.48 (0.14) 5.92 (0.65) 
Completeness, % 87.04 (19.34) 95 (63) 
Rmerge 0.2444 (5.4) 0.0688 (0.803) 
Rmeas 0.2694 (6.8) 0.0972 (1.135) 
CC1/2 0.991 (0.046) 0.996 (0.324) 
CC* 0.998 (0.297) 0.999 (0.699) 
Refinement  
  Rwork 0.2085 (0.3286) 0.1743 (0.3354) 

  bRfree 0.2570 (0.3262) 0.2039 (0.3711) 
  CC(work) 0.953 (0.501) 0.963 (0.558) 
  CC(free) 0.935 (0.417) 0.955 (0.364) 
Number of Atoms  
  non-hydrogen atoms 7041 

 

7622 
  macromolecules 6394 426 
  ligands 158 

 

82 

 
Protein residues 825 830 

 
Solvent molecules 489 

 

138 
RMS(bonds) 0.002 0.008 
RMS(angles) 0.62 0.97 
Ramachandran, favored, % 96.21 96.23 
Ramachandran, allowed, % 3.79 

 

3.77 
Ramachandran, outliers, % 0 0.00 
Rotamer outliers, % 0.72 0.86 
Clashscore 0.54 1.32 
B-factor Model  
Average B factor, Å2 34.65 22.50 
  macromolecules 34.17 20.84 
  ligands 45.01 24.66 
  solvent 37.52 31.88 

aValues in parentheses refer to the highest resolution shell. bRfree = free R factor based on random 5% of all data. 
Diffraction source was ALS BL4.2.2 using detector RDI CMOS_8M. Data processing, scaling statistics, and refinement 
statistics are described in the Experimental Procedures. 
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