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ABSTRACT 

CD200:CD200R interactions regulate immune 
responses. Since CD200Rs show extensive ho- 
mology in their extracellular region, generating 
anti-CD200R specific antibodies is a challenge. 
We report below on the generation of mAbs spe- 
cific for murine (m)R1/R2 and evidence that mR2 
is expressed on the cell surface in the absence 
of the adaptor protein Dap12. Despite homology 
between mR1 and mR4, the unexpected reduc- 
tion in the molecular mass (i.e. 90 kDa vs 48 kDa) 
between the two receptors suggested that the 
TM and cytoplasmic region of mR4 regulated 
glycosylation. Substitution of the TM and cyto-
plasmic region of mR1 and mR2 with that of mR4 
reduced glycosylation of the chimeric receptors 
mR1r4 and mR2r4 implying that these regions re- 
gulated the glycosylation of mCD200Rs. In ac- 
tivation experiments, phosphorylation of Dap12 
following interaction with CD200 occurred on 
cells expressing mR2V5 but not mR4V5. Similar 
experiments with the chimeric receptors mR1r2 

and mR1r4 also produced phosphorylation of 
Dap12. Our data suggest that the TM and cyto-
plasmic region of mCD200Rs dictate their state 
of glycosylation and provide further evidence 
that both mCD200R1 and mCD200R2 bind CD200 
as ligand with functional consequences for down- 
stream signaling. 
 
Keywords: CD200 Binding; Dap12 Phosphorylation; 
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1. INTRODUCTION 

CD200 and CD200R are type-I transmembrane pro-
teins of the Ig superfamily, that are highly conserved 
during evolution. Importantly, while the CD200 gene 
exists as a single copy, multiple copies of CD200R exist 

in the rodent and human genome [1-3]. Data from a 
number of independent groups clearly indicates a role for 
CD200 interaction with its receptor(s), CD200R (1-5 in 
mouse), in the regulation of a variety of inflammatory 
and immunological responses. General agreement exists 
concerning the effect of CD200:CD200R1 interactions, 
with direct suppression of macrophage/dendritic cell ac- 
tivation and suppression of inflammation and immune 
responses [1,3-8]. However, significant controversy re-
mains concerning the ligand binding of alternate recep-
tors CD200R2-R5 (mR2-mR5) and it has been suggested 
that the physiological ligand(s) for these receptors re-
main unknown [1,9,10]. We have suggested that CD200 
does indeed signal mR2-mR5 directly, as determined 
both by altered binding to, and phosphorylation of Dap12 
[11], and by monitoring biological responses occurring in 
vitro following addition of CD200Fc in the presence of a 
blocking R1 peptide, or using activating anti-(R2-R4) an- 
tibodies themselves [12,13]. 

Primary sequence comparison of mR1 with the alter-
nate receptors mR2-mR4 showed that mR2, mR3 and 
mR4 shared 84%, 39% and 85% identity with mR1. The 
transmembrane (TM) region of mR2-mR4, contains a 
lysine residue known to be an important “docking site” 
for adaptor proteins. Each alternate receptor bears a short 
15 amino acid cytoplasmic tail that is highly related in 
sequence but nevertheless not identical between the dif-
ferent receptors. In contrast, mR1 has a long 67 amino 
acid cytoplasmic tail, with 3 conserved tyrosine residues. 
One of these residues is contained within an NPXY se-
quence motif which upon ligand binding is phosphory-
lated and subsequently binds to Dok1 and Dok2 adaptor 
proteins. Thus signaling via alternate receptors involves a 
Dap12 pathway, which is not implicated following CD 
200:mR1 interaction [14-16]. 

Using C-terminally tagged mR4 and mR3 isoforms, 
several studies including our own [2,11] show that 
Dap12 associates with alternate receptors mR3 and mR4 
and that association of Dap12 with mR4 is contingent 
upon engagement with CD200Fc. Such studies are lack-
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ing for receptor mR2. 
One unusual feature of the CD200Rs is the high con-

tent of potential N-linked glycosylation sites, with mR1- 
mR4 containing 10, 6, 5 and 9 N glycans respectively. 
The change in apparent molecular mass of mR1 observed 
following removal of N-linked sugars by PNGase F 
treatment from ~90 kDa to ~25 kDa, indicates a content 
of around 70% by weight of carbohydrates. This is very 
high for N-linked carbohydrates and is more typical of 
O-linked sugars found in mucins [17]. To date, there has 
been no direct evidence for the involvement of N-linked 
oligosaccharides in the structure and function of CD200 
receptors. However, both mutagenesis data [18] and a 
comparison to similar IgSF interactions [19], suggest that 
CD200-CD200R interactions are mediated by the protein 
not carbohydrate domains. It remains possible that the 
carbohydrate moiety is important in preventing non-spe- 
cific protein-protein interactions thus preserving the mem- 
brane orientation of the CD200Rs. The possibility that 
multiple CD200Rs are co-expressed on individual cells 
constitutively or following immune induction, and the 
potential functional consequences this might have, re-
mains unexplored. The potential of mR1 and alternate re- 
ceptors mR2-mR4 to homo/hetero dimerize when co- 
expressed has also not been investigated. 

Commercially available antibodies for mR1 have been 
used by investigators to study the surface expression of 
mR1 and also to study the interaction of mR1 with its 
ligand CD200. Since mR1 and mR2 share over 84% ami- 
no acid homology in their extracellular region, generat- 
ing anti-mR2 specific antibodies has been a great chal-
lenge and commercial antibodies specific to mR2 are 
non-existent. Furthermore, the available anti-mR1 anti-
bodies have not been thoroughly investigated for their abil-
ity to discriminate between mR1 and alternate CD200Rs. 

In the present study, we have generated monoclonal 
antibodies to mR1 and mR2 and characterized them ex-
tensively for their specificity. The glycosylation state of 
the CD200Rs, and the effect of switching carboxy ter-
minal domains between the receptors on CD200R struc-
ture and interaction with CD200 were also explored us-
ing anti-R1 and anti-R2 specific antibodies. 

2. MATERIALS AND METHODS 

2.1. Cloning and Expression of CD200R-Fc  
Fusion Proteins in CHOK Cells  

The extracellular (i.e. V + C) regions of mCD200 re-
ceptors, mR1, mR2, mR3 and mR4 were isolated by 
PCR from cDNA purified from mouse bone marrow cells 
and the sequence confirmed. Fc fusion proteins were 
generated by inserting the extracellular region of the four 
mCD200 receptor isoforms into a Not1/Age1 digested 
pIRESneo3 expression vector encoding the Fc domain of 

mouse IgG2a (mutated in the CH2 domain to inhibit 
binding to FcRs).  

Transient transfections were performed in CHOK/Hek 
93 cells in serum free medium using lipofectamine 2000. 
24 h post transfection, supernatants and cell lysates were 
analyzed by SDS/PAGE and western gels using antibody 
specific to mouse IgG2a. The mean concentration of 
each receptor fusion protein produced was in the range of 
0.8 - 1 µg/ml, as measured using purified mCD200Fc as 
standard.  

Stable cell lines of CHOK expressing high levels of 
mR1Fc, mR2Fc, mR3Fc, and mR4Fc were established 
from cells transfected as above. Supernatants collected 
from 24 h and 48 h cultures of transfected cells using 
G418 selection and cloning were subjected to Protein A 
column chromatography with protein purity confirmed 
by subsequent Comassie staining. Table 1 shows the 
predicted and measured molecular mass of the various 
CD200Rs and their respective fusion proteins.  

2.2. Monoclonal Antibodies to  
CD200R-Fusion Proteins  

Purified receptor-Fc fusion proteins were used by Im- 
munoPrecise Antibodies Ltd (Victoria BC, Canada) to 
generate monoclonal antibodies in rats. Multiple attempts 
to generate anti-mR3 and anti-mR4 monoclonal antibod-
ies failed but we were successful in generating mono-
clonals specific to mR2. Purified mR1his protein was 
used to generate anti-mR1 monoclonals. 

2.3. Screening of Anti-CD200R Monoclonals  

The anti-mR1 monoclonal used throughout (2A10) 
was screened by ELISA, FACS and western blots. The 
detection antigen in ELISA was pure mR1his protein 
whereas FACS was carried out using Hek293 cells stably 
expressing mR1. In western blot experiments pure mR1his 
protein as well as cell lysates of mR1 cells were used for 
detection. 2A10 was also assessed for its ability to im- 
munoprecipitate mR1 from cell lysates of mR1 trans- 
fected cells. 

A sandwich ELISA was developed and used to screen 
for mR2 specific hybridomas. Purified anti-IgG2aFc an-
tibody (Sigma Aldrich) was used as capture to bind pure 
mR2Fc, followed by incubation with the hybridoma su-
pernatants expressing reactive anti-CD200R2. Hybrido-
mas positive for mR2 were selected using anti-rat IgG 
HRP (Jackson Immunochemicals) as detection and TMB 
(Pierce Biochemicals) as substrate. Positive hybridomas 
were further selected for the absence of anti-Fc reactivity 
by repeating the ELISAs using mIgG2a as the capture 
antigen. Table 2 summarizes the properties of five anti- 
mR2 monoclonal antibodies judged by ELISA, FACS 
and westerns. 

Copyright © 2012 SciRes.                                                                    OPEN ACCESS 



I. Khatri et al. / Open Journal of Immunology 2 (2012) 168-186 

Copyright © 2012 SciRes.                                                                    OPEN ACCESS 

170 

 
Table 1. Predicted molecular weight of mCD200 receptors and mCD200R-Fc fusion proteins (+/− N glycan chains)a. 

Receptor 
protein 

Amino acids N-glycans 
Estimated Mr from protein 

composition 
Measured Mr 

(PAGE) 
Estimated Mr glycans (measured 

Mr-Mr Protein) 

mR1 326 10 35.8 kDa 90 kDa 54.2 kDa 

mR2 249 6 27.4 kDa 60 kDa 32.6 kDa 

mR4 270 9 29.7 kDa 50 kDa 20.3 kDa 

mR1Fc 447 11 49.1 kDa 98 kDa 48.9 kDa 

mR2Fc 426 7 46.8 kDa 70 kDa 23.2 kDa 

mR4Fc 447 10 49.1 kDa 95 kDa 49.1 kDa 

aFull length mouse CD200 receptors are designated mR1, mR2 and mR4. mIgG2a fusion proteins of the same receptors are designated mR1Fc, mR2Fc and 
mR4Fc. 

 
Table 2. Characterization of anti-R2 Monoclonals. 

FACSa ELISAb Westernc 

 (R2V5)  (R1his)  (R4V5) R2Fc R1Fc R4Fc CD200Fc R2V5 

1H8 + − − + − − − − 

4H4 + − − + − − − − 

6E4 + − − + − − − − 

9B6 + − − + − − − + 

5A4 − − − + − − − + 

1D2 − + − + + − + − 

a1H8, 4H4, 6E4, 9B6, 5A4 represent anti-R2 specific mAbs. 1D2 represents an anti-R2 mAb recognizing cell surface mR1. Hek293 cells were transiently 
transfected with R2V5, R1his, or R4V5 and immunostained with anti-mR2 mAbs. A clone was stated as positive with ≥90% staining of transfected cells; bR2Fc, 
R1Fc, R4Fc and CD200Fc represent Fc fusion proteins of receptors R2, R1, R4 and CD200 used in ELISA to determine the specificity of anti-mR2 mAbs; cCell 
lysates from R2V5 transfected cells were subjected to SDS/PAGE and western blotting using  anti-R2 mAbs. 

 
2.4. Cloning and Expression of C-Terminally  

Tagged Full Length mCD200 Receptors  
in Hek293 

Full length mCD200Rs derived from previously de-
scribed full length cDNA clones were subcloned into the 
pIRESneo3 vector with addition of different epitope tags 
at the carboxy terminus [1]. mR1 was tagged with (his)6 
and mR2 and mR4 both carried the V5 epitope tag. 
Mouse Dap12 protein was subcloned into the pIRESneo3 
vector from an I.M.A.G.E. clone (6814478) containing 
the full length cDNA sequence.  

Each tagged receptor (namely mR1his, mR2V5 and 
mR4V5) was transiently expressed in Hek293 cells and 
24 h post transfection cell lysates were subjected to SDS/ 
PAGE and western blotting using anti-his or anti-V5 an- 
tibodies.  

For immunoprecipitation studies cells were lysed in 
RIPA buffer containing protease inhibitor cocktail. Spe- 
cific antibody and Protein A/G Agarose beads (Pierce 
Biochemicals) were added to clear the supernatant and 
the mixture incubated overnight with shaking at 4˚C. The 

antigen-antibody-Protein A/G complex was washed twice 
with RIPA, boiled in reduced sample buffer and sub- 
jected to SDS/PAGE and western blotting using the ap- 
propriate antibody.  

Stable cell lines of Hek293 expressing mR2V5 were 
established following cloning and screening by western 
blot using anti-V5 antibody.  

2.5. Carboxy Terminal Domain Switching  
between CD200 Receptors 

The transmembrane (TM) and cytoplasmic (CT) re- 
gion of mR1, mR2 and mR4 were generated by PCR 
using the full length CD200 receptors described above as 
template. Following BamHI and AgeI digestion, the frag- 
ments were ligated into a BamHI/AgeI digested pIRES- 
neo3 expression vector encoding the extracellular region 
of the CD200 receptors. The receptor chimeras generated 
were given the nomenclature mRxry where “x” represents 
the source of the extracellular domain and “y” the trans- 
membrane and cytoplasmic domain. mR1r2, mR1r4, mR2r1, 
mR2r4, and mR4r1 were transfected into Hek293/CHOK 
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cells in serum free medium using lipofectamine. 24 h 
post transfection cell lysates were subjected to SDS/ 
PAGE and western blotting using appropriate antibody.  

In some studies, tunicamycin at 50 - 100 ng/ml was 
added 5 h post transfection and maintained during the 
entire time of experiment to block N-linked glycosyla-
tion. 

2.6. Binding and Activation of CD200  
Receptor R1/R2 and Receptor Chimeras  
with mCD200Fc/Shed Soluble mCD200 

Cells were transfected using lipofectamine 2000 with 
receptor chimeras as described. 24 h post transfection, 
cells were washed with cold PBS, and incubated with 
purified dimeric mCD200Fc (5 µg/ml) for 15 min at 37˚C, 
followed by staining with FITC/PE labeled anti-mouse 
IgG(Fab)2. Binding of mCD200Fc was assessed by flow 
cytometry. Mouse Fc fragment (purchased from Pierce 
Biochemicals) was used as a negative control. 

For activation studies, supernatants from 48 h serum 
starved mCD200-expressing Hek293 cells (containing 
shed soluble CD200), confirmed by ELISA and westerns 
using antibody to CD200 [20] were incubated for 15min 
at 37˚C with cells expressing different CD200Rs or 
CD200 receptor chimeras with or without mouse Dap12. 
Cells were lysed in RIPA buffer containing 50 mM NaF, 
1mM Na3VO4, and protease inhibitors. Cleared lysates 
were immunoprecipitated overnight at 4˚C with one of 
the following antibodies: 2A10; commercial anti-phos- 
photyrosine antibody (Millipore); rabbit polyclonal anti-
body to the tyrosine phosphorylated cytoplasmic region 
of mR1 (a gift from Dr. Karim Berrada, Ingenious Thera- 
petics, NY, USA); or polyclonal antibody to mouse 
Dap12 (Alpha Diagnostics). 

The immune complexes were recovered by incubation 
with ProteinA/G Agarose beads (Pierce Biochemicals) 
for 1 h at 4˚C. After washing twice in lysis buffer con-
taining 1 mM Na3VO4, the immune complexes were dis-
sociated by boiling in reduced SDS/PAGE sample buffer 
followed by SDS/PAGE and western blotting. Primary 
Abs were detected with HRP-conjugated secondary Abs 
(Jackson Immunochemicals) and chemiluminescence sub- 
strate. 

3. RESULTS 

3.1. Characterization of Anti-mR2  
Monoclonals  

A total of 17 anti-mR2 monoclonals were generated 
and characterized for their specificity. Table 2, summa-
rizes the characteristics of five monoclonals specific for 
mR2 as judged by ELISA, flow cytometry and westerns. 
FACS data for Hek293 cells stably transfected with 
mR2V5 and immunostained with the different anti-mR2  

monoclonals are shown in Figure 1(A). Anti-mR2 mono- 
clonals namely 9B6/6E4, 1H8, and 4H4 recognized mR2 
expressed on the cell surface with no immunoreactivity 
towards cells expressing mR1 or mR4V5 (Supplemen-
tary Figure 1). Hek293 cells transiently transfected with 
mR2 (lacking a C-terminal tag) gave essentially similar 
results with the four anti-mR2 specific antibodies (not 
shown). As judged by westerns, mR2 and mR2V5 pro-
tein was best detected in transfected cell lysates using the 
two anti-mR2 monoclonals 5A4 and 9B6 (Figure 1(B)). 
As noted, while 9B6 was able to detect both cell surface 
mR2 in FACS and mR2 in western gels (at molecular 
mass 60 kDa), monoclonal 5A4 could only recognize 
mR2 protein by westerns (see Table 2).  

3.2. Characterization of Anti-mR1  
Monoclonals 

As shown in Figure 2(A), anti-mR1 2A10, the mAb 
secreted following immunization with mR1his was able 
to detect mR1 expressed on the cell surface of Hek293 
cells and was superior in this regard to the commercial 
anti-mR1 antibody (AbD Serotec, MorphoSys). 2A10, 
unlike the commercial anti-mR1, was also able to detect 
mR1 protein by western blots whereas cell lysates of 
mR2V5 and mR4V5 transfected cells showed no immu-
noreactivity (Figure 2(B)). However, neither 2A10 nor 
the commercial anti-mR1 antibody was specific for cell 
surface mR1, since flow cytometric analyses showed that 
both antibodies also stained cells expressing mR2V5 
(Supplementary Figures 2(A) and (B)) with insignificant 
immunoreactivity with mR4V5 transfected cells (Supple- 
mentary Figures 2(C) and (D)). We conclude that though 
anti-R2 specific monoclonals show specificity in western 
blots and FACS, unique anti-R1 specific monoclonals, as 
analyzed by FACS staining, have yet to be described. 

3.3. Cloning and Expression of mCD200  
Receptor-Fc Fusion Proteins in CHOK  
Cells 

Fc fusion proteins for the four mouse CD200Rs were 
generated by linking the extracellular region of each re-
ceptor to the Fc region of mIgG2a in the expression vec-
tor pIRESneo3. The number of N-glycans and the pre-
dicted molecular weight of the full length receptors and 
their Fc fusion proteins are shown in Table 1. Receptor 
fusion proteins (mR1Fc-mR4Fc) were transiently ex-
pressed in CHOK and supernatants analyzed by 
SDS/PAGE and westerns using an anti-IgG2a antibody. 
As shown in Figure 3(A), the molecular weight of each 
receptor fusion protein was related to the number of 
N-glycans, with mR1Fc detected at molecular mass 98 
kDa, mR4Fc at 95 kDa, mR2Fc at 70 kDa and mR3Fc at  
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Figure 1. Characterization of anti-mR2 monoclonals. (A) Flow cytometry data for Hek293 cells stably transfected with mR2V5 were 
immunostained with anti-mR2 monoclonals 6E4, 1H8, 4H4 and 9B6; (B) Lysates (25 µg protein) of Hek293 cells transfected with 
mR2V5 (lanes 2 and 3), and mR2 (lane 4) were subjected to SDS/PAGE and western blotting using anti-R2 antibody 9B6 and 5A4. 
Lane 1 represents lysates of mock transfected cells. 

 

 

Figure 2. Characterization of anti-mR1 monoclonals. (A) Flow cytometry data of Hek293 cells stably transfected with mR1 and 
immunostained with mR1 monoclonal 2A10 (0.1 and 0.5 g). C represents staining with (0.5 g) commercial anti-mR1 and 1D2 repre-
sents staining by a monoclonal antibody (0.5 µg) raised by injection of mR2Fc with so significant binding to mR2 by FACS and west- 
ern; (B) Lysates (25 µg protein) of cells transfected with mR1 (a, b), with mR2V5 (c) with mR4V5 (d) and mock transfected Hek293 
cells (e) were subjected to SDS/PAGE and western using anti-R1 monoclonal 2A10. Molecular weight markers are indicated. 

 
Mr 65 kDa. 

OPEN ACCESS 

3.4. Characterization of Full Length CD200  
Receptors mR1his, mR2V5 and mR4V5  
Expressed in Hek293 Cells 

Full length CD200 receptors with C-terminal tags 

namely mR1his, mR2V5 and mR4V5 were expressed in  
Hek293 cells. 24 h post transfection, cells were lysed in 
the presence of protease inhibitors and lysates subjected 
to SDS/PAGE and westerns usinSg anti-his or anti-V5 
antibody. As shown in Figure 3(B), mR1his was detected 
at molecular mass 90 kDa and mR2V5 at 60 kDa, the 
sizes expected for glycosylated receptors (Figure 3(B), 
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panels a and b). However, in mR4V5 transfected cells, 
despite the presence of protease inhibitors during cell 
lysis, the prominent band for mR4V5 appears to be at 
molecular mass of 26 kDa (Figure 3(B), panel c). 

Cell lysates of mR4V5 transfected cells fractionated 
into membrane and cytosolic fractions are shown in Fig-
ure 3(C). The molecular mass of mR4V5 in the mem-
brane fraction was 48 kDa (Figure 3(C), lane 7) whereas 
the cytosolic fraction showed a 26kDa product similar to 
that seen in cell lysates (Figure 3(B), lane 8). Thus, even 
though mR4 and mR1 share high homology in their ex-
tracellular region and contain similar numbers of poten-
tial N-glycan sites, mR4V5 appears to be far less glyco-
sylated. Replacing the TM and cytoplasmic region of 
mR4 with an Fc fragment restored the molecular mass of 
mR4Fc to the size expected from the number of N-gly- 
cans (i.e. 95 kDa, Figure 3(A)), suggesting that the car-
boxy terminal region of the CD200Rs can regulate the 
difference in the degree of glycosylation in mR1 vs mR4. 

3.5. N-linked Glycan Differences between  
mR2V5 and mR4V5 

To investigate differences in the degree of glycosyla-
tion in mR2V5 and mR4V5, Hek293 cells were trans-
fected with mR2V5 or mR4V5 in the presence/absence 
of tunicamycin and cell lysates harvested 24 h post trans-
fection. As shown in Figure 4, the presence of tunica-
mycin produced a significant drop in the molecular mass 
of mR2V5 from 60 kDa to 29 kDa, the expected mo-
lecular mass of the non-glycosylated mR2. Expression of 
mR4V5 in the presence of tunicamycin produced no 
change in the molecular weight of the cell lysate product 
detected by anti-V5 antibody. We conclude that the 26 
kDa mR4V5 likely represents a non-glycosylated mole-
cule. 

In membrane fractions of transfected cells, mR4V5 is 
present at a molecular mass of 48 kDa (Figure 3(C), lane 
7) and in the presence of tunicamycin, the molecular 
mass dropped to 26 kDa (Figure 3(C), lane 9). The 26 
kDa product observed in the cytosolic fraction that re-
mained unchanged following treatment with tunicamycin 
(Figure 3(C), lanes 8 and 10) likely represents the cyto-
plasmic non-glycosylated form of mR4V5.  

Expression of mR1his in the presence of tunicamycin 
produced two bands at 52 kDa and 34 kDa (Figure 4(C)), 
which may reflect the presence of both N and O-linked 
glycan chains. Given that mR1 and mR4 share over 85% 
amino acid identity in their extracellular V + C region, 
with all N-glycan sites conserved, the differences in the 
observed molecular mass (90 kDa vs 48 kDa) suggests 
that the carboxy terminal region of CD200Rs regulates 
the differences in the degree of glycosylation in mR1 vs 
mR4. 

3.6. Lack of Heterodimerization after  
Co-Expression of mR1 and mR2 in  
Hek293 Cells 

Hek293 cells stably expressing mR1 were transiently 
transfected with mR2V5 and 24 h post transfection, the 
surface expression of mR2V5 in cells expressing mR1 
was confirmed using anti-mR2 specific antibody 4H4 
(Supplementary Figure 3(A)). RIPA cell lysates of the 
transfected cells were analyzed by western blotting with 
anti-V5 antibody and anti-mR1 (2A10) as shown in (Sup- 
plementary Figure 3(B)), to confirm co-expression of the 
molecules. When dual transfected cells were immuno-
precipitated with anti-V5 and analyzed on westerns using 
2A10 and 5A4, only the latter mAb (Supplementary Fig- 
ure 3(C), lane 1) gave a protein band, with no bands 
detected by 2A10 (Supplementary Figure 3(D), lane 3). 
These data suggest that despite co-expression on the 
same cell, receptors mR1 and mR2 do not heterodimerize. 
When cells were immunoprecipitated with 2A10, with 
the immunoprecipitates analyzed by western blotting 
using anti-V5 antibody, this conclusion was confirmed 
with no band detected on westerns by 5A4 (data not 
shown). 

3.7. Effect of Carboxy Terminal Domain  
Switching between CD200 Receptors 

Using molecular cloning techniques, the TM and cy-
toplasmic region of mR1 was replaced with the corre-
sponding regions of mR2. The newly generated chimeric 
receptor mR1r2 when expressed in Hek293, resulted in a 
protein with molecular mass of 45 kDa, unlike mR1 with 
observed molecular mass 90 kDa (Figure 5(A)). In the 
presence of tunicamycin, the molecular mass of mR1r2 
was further reduced to 30 kDa, the size expected for 
mR1r2 protein (Figure 5(B)). Replacing the TM and cy-
toplasmic region of mR1 with the corresponding region 
of mR4 gave essentially the same results. The newly 
generated chimeric receptor mR1r4 when expressed in 
Hek293 appeared at the same molecular mass as mR1r2 
(i.e. 45 kDa). When expressed in the presence of tunica-
mycin the molecular mass of mR1r4 was reduced to 
30kDa, the size expected for mR1r4 protein (Figure 5(C)). 
Thus the TM and cytoplasmic region of mR1 when re-
placed with the corresponding regions of either mR2 or 
mR4, reduced the glycosylation of mR1 by ~50%. Lower 
molecular weight bands in Figure 5(A) likely represent 
non-specific bands. 

Replacing the TM and cytoplasmic region of mR2 
with the corresponding region of mR1 did not produce a 
significant drop in the molecular mass of the chimeric 
receptor mR2r1 (Figure 6(A)). We interpret this as indi-
cating that the TM and cytoplasmic region of mR1 did 
not influence the glycosylation state of mR2, even   
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Figure 3. Characterization of mCD200R-Fc fusion/full length mCD200 receptor. proteins (A) Supernatants from Hek293 cells trans-
fected with CD200R-Fc fusion proteins namely mR1Fc (R1), mR2Fc (R2), mR3Fc (R3) and mR4Fc (R4) were subjected to 
SDS/PAGE and western blotting using anti-mouse IgG2a antibody. (C) represents mock transfected cells. Molecular weight markers 
are indicated; (B) Lysates (25 µg protein) of Hek293 cells transfected with mR1his (panel a, lane 2), mR2V5 (panel b,lane 4) or 
mR4V5 (panel c, lane 6) subjected to SDS/PAGE and western blotting using anti-his antibody (a) or anti-V5 antibody (b & c). Lanes 
1, 3 and 5 represent lysates of mock transfected cells; (C) Hek293 cells transfected with mR4V5 (lanes 7 - 10) and separated into 
membrane (lanes 7, 9) and cytosolic (lanes 8,10) fractions were subjected to SDS/PAGE and western blotting using anti-V5 antibody. 
−/+ T represents transfections in the absence and presence of tunicamycin.  Molecular weights markers are indicated. 

 
though the corresponding region of mR2 did reduce the 
glycosylation of mR1 by about 50%. In contrast, replac-
ing the TM and cytoplasmic region of mR2 with the cor-
responding regions of mR4, resulted in a significant drop 
in the molecular mass of the chimeric receptor mR2r4 
(Figure 6(B)). Compared to mR2 with ~molecular mass 
60 kDa, the chimeric receptor mR2r4 was detected at 40 
kDa as judged by western blots using 5A4 antibody. Ex-
pressing mR2r4 in the presence of tunicamycin resulted in 
an unexpected loss of the epitope detected by 5A4 on 
westerns (Figure 6(B)) although this was not seen with 

mR2V5 transfected cells grown in the presence of tuni-
camycin (see Figure 4(A)).  

Similar to mR1r1 (=mR1) and mR2r2 (=mR2), chimeric 
receptors mR1r2, mR1r4, mR2r1 were expressed at the cell 
surface as judged by flow cytometry analyses using an-
tibody 2A10 (Supplementary Figure 4(A)) and also 
bound mCD200Fc (Supplementary Figure 4(B)). Since 
the chimeric receptors are transiently expressed, their 
binding to mCD200Fc could only be assessed qualita- 
tively.  

Despite the fact that mR2r1 transfected cells main 
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(A)                                 (B)                                           (C) 

Figure 4. N-linked glycan differences between mR2V5 and mR4V5. Hek293 cells transfected with mR2V5 (A), mR4V5 (B) and 
mR1his (C) were incubated with medium containing 100 ng/ml tunicamycin for 24 h at 37˚C. Protease inhibitor containing cell lys-
ates were subjected to SDS/PAGE and westerns using anti-V5 antibody (a and b) and antibody 2A10 (C). −/+ T represent absence or 
presence of tunicamycin in the medium. 

 

 

Figure 5. Effect of carboxy terminal domain switching between CD200 receptors mR1r2 and mR1r4. (A) Chimeric receptor mR1r2 was 
transiently expressed in Hek293 cells, 24 h post transfection cell lysates were subjected to SDS/PAGE and western blotting using 
anti-R1 antibody 2A10; Cell lysates of Hek293 cells transiently transfected with mR1 (lacking a his C-terminal tag), served as posi-
tive control, and lysates of mR2 (lacking a V5 C-terminal tag) served as negative control; (B) Chimeric receptor mR1r2 expressed in 
the presence (+T) or absence (−T) of tunicamycin with lysates subjected to SDS/PAGE and western blotting using anti-R1 antibody 
2A10; (C) Chimeric receptor mR1r4 expressed in the presence (+T) or absence (−T) of tunicamycin with lysates subjected to 
SDS/PAGE and western blotting using anti-R1 antibody 2A10. Cell lysates for western blotting were used at concentration of 25 - 30 
µg protein. 
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Figure 6. Effect of carboxy terminal domain switching between CD200 receptors mR2r1 and mR2r4. (A) Chimeric receptor mR2r1 
was transiently expressed in Hek293 cells (lane c). 24 h post transfection cell lysates were subjected to SDS/PAGE and western blot-
ting using anti-R2 antibody 5A4. Cell lysates of Hek293 cells transiently transfected with mR2 (lacking C-terminal tag) (lane d) and 
mR2V5 (lane e) served as appropriate control. Mock transfected cells and mR1 transfected cells are shown in lanes a and b respec-
tively; (B) Chimeric receptor mR2r4 was transiently expressed in Hek293 cells, and 24 h post transfection cell lysates were subjected 
to SDS/PAGE and western blotting with anti-R2 antibody 5A4. Lanes b and c represent mR2r4 transfected cells in the presence (+T) 
and absence (−T) of tunicamycin. Lane a represents lysates of mR2 transfected cells. Cell lysates for western blotting were used at 
concentration of 25 - 30 µg protein. 
 
tained their immunoreactivity with the R2 specific mono- 
clonals (Supplementary Figure 4(C) panel a), cells trans- 
fected with chimeric receptor mR2r4 could not be detect- 
ed by flow cytometry using R2 specific antibodies (Sup- 
plementary Figure 4(C) panel b). Furthermore, mR2r4 
transfected cells failed to bind mCD200Fc (data not 
shown). Expression of R4 (tagged with V5 i.e. R4V5) 
could only be detected by westerns using anti-V5 anti-
body in cell lysates of mR4V5 transfected cells (Figure 
3(C)). In the absence of anti-mR4 specific antibodies, we 
have been unable to characterize any cell surface expres-
sion of mR4 and appraise its binding to mCD200.  

3.8. Functional Activation of Chimeric  
Receptors R2r1, R1r2 and R1r4 after  
Stimulation by mCD200 

Hek293 cells transfected with R2r1 or R1 were stimu-
lated at 37˚C for 15 min with soluble CD200 released 
into the supernatant of serum starved mCD200 express-
ing cells [20]. Cell lysates prepared in RIPA buffer con-
taining protease as well as phosphatase inhibitors were 
immunoprecipitated using antibody against the phos-
phorylated cytoplasmic tail of mR1 or the commercial 
anti-phosphotyrosine antibody followed by western using 
antibody 2A10 (Figure 7). Similar to data observed with 
mR1, stimulation of mR2r1 with mCD200 resulted in 
tyrosine phosphorylation of the cytoplasmic domain (r1) 
of this chimeric receptor. Thus replacing the TM and CT 

region of R2 with that of R1 results in a receptor (R2r1) 
that binds CD200 and functionally mimics CD200R1 
(with phosphorylation of the cytoplasmic tail) following 
CD200 binding. 

Hek293 cells were also co-transfected with mDap12 
and mR2V5, mR4V5, mR1r2 or mR1r4 and stimulated 
with soluble mCD200, with immunoprecipitates analyzed 
by westerns. Lysates of cells transfected with mR2V5 
and mR4V5 were immunoprecipitated with anti-V5 an-
tibody whereas lysates from mR1r2 and mR1r4 transfected 
cells were immunoprecipitated with anti-phosphotyro-
sine antibody. All immunoprecipitates were analyzed by 
westerns using anti-dap12 antibody. As shown in Figure 
8(A) (panel e), lysates from (mR1r2 + Dap12) and (mR1r4 + 
Dap12) transfected cells analyzed by westerns using an-
tibody 2A10 showed the expected product size of 45 kDa 
for mR1r2 and mR1r4. 

All 4 receptors namely mR4V5, mR2V5, mR1r2 and 
mR1r4 associated with Dap12 when cotransfected. How-
ever, Dap12 phosphorylation occured only after stimula-
tion and mCD200 binding to either mR2V5 (Figure 8(A), 
panel b) or the chimeric receptors mR1r2 and mR1r4 
(Figure 8(A), panels c and d). No Dap12 phosphorylation 
was seen in mR4V5 transfected cells following stimula-
tion (Figure 8(A)). Thus having switched the carboxy 
terminal region, both mR1r2 and mR1r4 chimeric receptors 
bind CD200 but thereafter function like mCD200R2 with 
phosphorylation of the adaptor protein Dap12. 
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Figure 7. Functional activation of chimeric receptor mR2r1. Chimeric receptor mR2r1 (panel A) and receptor mR1 (panel B) were 
transiently transfected in Hek293 cells. 24 h post transfection, cells were incubated for 15 min, at 37˚C with (+) or without (−) super- 
natants from serum starved mouse CD200 expressing cells. Cell lysates were immunoprecipitated with antibody to tyrosine phos-
phorylated mR1 cytoplasmic region (pR1) or commercial anti-phosphotyrosine antibody (pY) followed by western blotting using 
antibody 2A10 (panel B) or 5A4 (panel a). As controls, Hek293 cells were subjected to the same treatment as mR2r1. 
 
3.9. Evidence for Expression and  

Phoshorylation of Chimeric Receptor  
mR4r1 

As noted above, in the absence of anti-R4-specific 
mAbs, we have been unable to detect unequivocal ex-
pression of mR4 on the cell surface. Hek293 cells trans-
fected with the chimeric receptor mR4r1 were stimulated 
with sodium pervanadate and subsequently immunopre-
cipitated with anti-phosphotyrosine antibody, followed 
by western gel analysis using antibody against the phos-
phorylated cytoplasmic tail of R1 as shown in Figure 
8(b). Incubation of cells transfected with mR1r1 under 
similar conditions served as a positive control in these 
experiments. In preliminary studies we were unable to 
immunoprecipitate a specific phosphorylated product 
from mR4r1 transfected cells following incubation with 
mCD200 (data not shown), unlike the stimulation shown 
in Figure 7 with mR2r1 transfected cells. One interpreta-
tion of these data is that the CD200R4 receptor is not 
expressed functionally at the cell surface. 

Interestingly, substitution of the TM and cytoplasmic 
region of mR4 with the corresponding region of mR1 
resulted in a product that was fully glycosylated with 
molecular mass of 85 kDa relative to mR1 which was 
detected at ~90 kDa. Thus replacing the TM and CT re-
gion of mR4 with the corresponding regions of mR1 or 
with the Fc region of IgG2a, resulted in a highly glyco-
sylated form of mR4 with its size in accordance with the 

number of N-glycans in the extracellular region. 

4. DISCUSSION 

In the present study we have successfully generated 
monoclonals specific to mR2 and using these reagents 
have shown that mR2 is expressed on the cell surface. 
Cell surface expression of mR2 does not require the co- 
expression of adaptor molecule Dap12 in either Hek293 
or CHOK cells. Furthermore, the presence of a C-ter- 
minal V5 tag on mR2 (i.e. mR2V5) did not affect its cell 
surface expression and immunoreactivity with the five 
anti-mR2 monoclonals described, two of which were 
able to detect mR2 and mR2V5 in cell lysates by west-
erns. In contrast, an antibody specific to mR1 has not, to 
our knowledge, been similarly defined. Rigorous tests of 
both our own anti-mR1 monoclonal (2A10) and a com-
mercial anti-mR1 antibody (Serotec) showed these also 
recognized cell surface mR2 (and mR2V5). Unlike the 
commercial anti-CD200R1 reagent, 2A10 also bound to 
mR1 on western gels and in immunoprecipitation experi- 
ments.  

Using antibodies specific to mR2, we have failed to 
detect heterodimers from cells expressing both mR1 and 
mR2. This makes it unlikely that multiple heterodimeric 
CD200Rs interact on individual cells following expres-
sion of more than one CD200R in any given cell. 

5/17 monoclonals derived from immunization with 
mR2Fc were specific for mR2. Anti-mR2 monoclonals 
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Figure 8. Functional  activation of chimeric receptor mR1r2 and mR1r4. (A) Hek293 cells were transiently co-transfected with 
mdap12 and receptors mR4V5, mR2V5, chimeric receptors mR1r2 / mR1r4. 24 h post transfection, cells were stimulated by incubating 
for 15 min, at 37˚C with (+) or without (−) supernatants from serum starved mouse CD200 expressing cells. Panel a and b: Cell lys-
ates, were immunoprecipitated with anti-V5 and western blotted using antibody to mDap12. Panel c and d: Cell lysates were im-
munoprecipitated with anti-phosphotyrosine antibody (anti-pY) and western blotted using antibody to mDap12. Panel e: Hek293 cell 
lysates (a), [mR1r2 + Dap12] lysates (b) and [mR1r4 +Dap12] lysates (c) were subjected to SDS/PAGE and western blotting using 
antibody 2A10; (B) Data shows a western gel from cell lysates of mR4r1 (lanes a, b) and mR1r1 (lanes c,d) transfected cells immuno-
precipitated with anti-phosphotyrosine antibody followed by western using antibody against the phosphosphorylated cytoplasmic tail 
of  mR1. +/− represents incubation of transfected cells with or without pervanadate for 10min at 37˚C. 
 
1D2 and 6C10 were also able to recognize cell surface 
mR1, which is not surprising since mR1 and mR2 show 
~84% sequence homology in their extracellular region. 
We have to date, as noted earlier, been unable to generate 
anti-R4 specific reagents using the approach successful 
in generating anti R1/R2 mAbs.  

The presence of N-linked glycans on rat CD200R1 has 
been demonstrated by Wright et al. [3] with a drop in 
molecular mass from 90 to 25 kDa following PNGaseF 
treatment of rat R1, indicating a content of ~70% by 
weight of carbohydrate. In the studies reported above we 
confirmed  that the extracellular region of all 4 mouse 
CD200Rs fused to Fc are glycosylated and the molecular 
weights of the molecules were dictated by the number of 

N-glycans with mR1Fc at molecular mass 98 kDa, 
mR4Fc at 95 kDa, mR2Fc at 70 kDa and mR3Fc at 65 
kDa.  

Interestingly, western blots of cell lysates from 
mR4V5 transfected cells showed a significantly lower 
molecular mass product compared to mR1 (48 kDa vs 90 
kDa) and experiments using tunicamycin also suggested 
that glycosylation in mR4V5 was reduced by more than 
50% compared to mR1. Since mR1 and mR4 share the 
greatest homology in their extracellular region and con-
tain similar number of N-glycans, this unexpected reduc-
tion in the molecular weight of mR4V5 was taken to 
infer that the TM and CT region of mR4 may regulate the 
degree of glycosylation. We therefore explored the effect 
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of switching carboxy terminal domains between the re-
ceptors on CD200R glycosylation and interaction with 
CD200 using anti-R1 and anti-R2 specific antibodies. 

Substitution of the TM and CT region of mR1 and 
mR2 with that of mR4 significantly reduced glycosyla-
tion of the chimeric receptors mR1r4 and mR2r4 (Figure 
5(c) and Figure 6(b)). Replacing the TM and CT region 
of mR1 with that of mR2 also caused a similar drop in 
molecular mass of the chimeric receptor mR1r2 (Figure 
5(a)). This in itself was not surprising given that the TM 
and CT regions of mR2 and mR4 are conserved except 
for a few amino acids. In contrast to these data, however, 
substitution of the TM and CT region of mR2 with that 
of mR1 did not result in reduced glycosylation of the 
chimeric receptor mR2r1, inferring that the reduction of 
glycosylation was an effect regulated by the TM and CT 
region of mR4/mR2 but not of mR1. Due to the lack of 
anti-mR4 antibodies, the chimeric receptor mR4r1 could 
not be studied in these experiments. However, in separate 
experiments, using an antibody specific to the phos-
phorylated cytoplasmic tail of mR1, we were able to 
show that when the TM and CT region of mR4 were re-
placed with the corresponding regions of mR1, the chi-
meric receptor mR4r1 (following activation with vanadate) 
was indeed glycosylated and appeared at the expected 
size of 85 kDa (Figure 8(b)). 

N-glycosylation of eukaryotic membrane proteins is a 
co-translational event that occurs in the lumen of the 
endoplasmic reticulum. This process is catalyzed by a 
membrane associated oligosaccharyl transferase (OST) 
complex that transfers a preformed oligosaccharide 
(Glc3Man9GlcNAc2) to an Asn side chain acceptor lo-
cated within the sequence (Asn-X-Ser/Thr-). Although 
the presence of a consensus glycosylation site within the 
amino acid sequence of a membrane protein is sugges-
tive of a glycoprotein, not all consensus sites are neces-
sarily utilized. Sites must be disposed to the luminal side 
of the endoplasmic reticulum membrane to be glycosy-
lated, and not all luminal sites may be suitable acceptors. 
A role for N-glycosylation has been implicated in protein 
folding, regulation of cell surface expression and/or the 
half life of many proteins [21], though in many mem-
brane proteins, N-linked oligosaccharides are not re-
quired for protein function [22-24]. 

It has been shown that acceptor sites for N-glycosyla- 
tion must be spaced a minimum distance away from the 
membrane surface to be N-glycosylated [25], a constraint 
imposed by the relative proximity of the active site of the 
membrane-associated OST, and the residues near the 
ends of the transmembrane (TM) segments [26]. For 
more complex polytopic membrane proteins, N-glycosy- 
lation requires loops of a minimum size with the acceptor 
site spaced a minimum distance from the adjacent TM 

segments [27,28]. In a survey of 115 human single-span 
Type 1 membrane proteins a minimum distance of 10 
residues from the bilayer was found to be necessary for 
successful N-glycosylation of acceptor sites preceding a 
membrane-spanning segment [29]. In a survey of pro-
teins containing multiple extracytosolic N-glycosylation 
consensus sites, N-glycosylated extracytosolic loops were 
observed to have a minimum size of 33 residues [29], 
with smaller extracytosolic loops (<30 residues) ineffi- 
cient acceptors of oligosaccharide and thus poorly N- 
glycosylated despite the presence of consensus N glycol- 
sylation sites [30].  

We observed a reduction in the glycosylation of the 
chimeric receptors mR1r2, mR1r4 and mR2r4, which 
may reflect a similar restriction in accessibility of accep-
tor sites on the nascent polypeptide to the oligosaccharyl 
tranferase in the lumen of the endoplasmic reticulum. 
Relative to mR4, mR1 has a much longer cytoplasmic 
tail (63 amino acids in mR1 vs 9 amino acids for mR2) 
and we hypothesize that the extended cytoplasmic tail in 
mR1 may allow more flexibility in the ER for the nas-
cent polypeptide to be efficiently glycosylated. Note then 
that the (presumed) glycosylation restraint imposed on 
the polypeptide chain of mR4 is relieved entirely by re-
placing it with the TM and CT region of mR1 or by re-
placing the TM and CT region with murine Fc.  

In our activation experiments, we were able to show 
phosphorylation of mDap12 following incubation of 
cells expressing mR2V5 with mCD200. These results 
confirmed that mR2V5 was expressed on the cell surface 
and its binding to mCD200 led to phosphorylation of 
Dap12 a conclusion reached in earlier studies [11]. In 
similar experiments, we showed that the chimeric recep-
tors mR1r2 and mR1r4 also bind the adaptor protein 
Dap12 and mimic mR2V5 functionally following stimu-
lation with mCD200 (Figure 8(a)). Furthermore, using 
the antibody 2A10, we showed that the chimeric receptor 
mR2r1 mimics mR1 functionally following stimulation 
with mCD200. These data further support the suggestion 
we made earlier that in fact the alternate CD200Rs (be-
sides CD200R1) do indeed bind CD200 in a functionally 
important manner [1,11,13]. In contrast to these observa-
tions, cells expressing mR4V5 bound Dap12, but Dap12 
was not phosphorylated following stimulation with 
mCD200. Since CD200 has been shown to bind mR4 
[10], this failure to observe mDap12 phosphorylation 
following mCD200 stimulation is taken to imply that 
mR4V5 does not appear on the cell surface and that it is 
likely a non-functional molecule. The failure of mR4r1 to 
bind mCD200 in our experiments may similarly indicate 
that mR4r1 is also not expressed on the cell surface. Al-
ternatively, the chimeric receptor may have undergone a 
conformational change at the ligand binding site.  
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Studies by Wright et al. and Hatherley et al. [2,9] us-
ing independent reagents to mR1, mR3 and mR4, showed 
expression of all three receptors on cell surface by flow 
cytometry following viral transduction in BaF3 cells 
stably expressing mDap12. The failure of this group also 
to demonstrate mR4 binding to a CD200Fc fusion pro-
tein may again reflect the absence of cell surface ex-
pressed mR4. Our characterization of R4 has relied on 
detection of mR4V5 using a anti-V5 antibody. The pos-
sibility that the V5 tag interferes with mR4 glycosyla-
tion/surface expression is less of a concern given that 
mR2V5 was glycosylated and expressed on the cell sur-
face and was not different in its properties from untagged 
mR2. However, we cannot entirely exclude this hypothe-
sis.  

Cell surface expression of the chimeric CD200 recep-
tors mR1r2, mR1r4, and mR2r1 was detected by FACS 
using antibody 2A10, whereas binding to mR2r4 was poor. 
No binding was observed with mR4r1 or mR4V5 trans-
fected cells. Cumulatively, these results suggest that the 
2A10 epitope in the extracellular region of the receptor is 
conserved between mR1 and mR2 and is maintained in 
the receptor chimeras. Since the epitope is lost in mR2r4 
and mR4V5, both of which molecules have significantly 
reduced glycosylation, it may be that the 2A10 detects a 
conformational epitope dependent on glycosylation for 
its expression. Importantly the chimeric receptors mR1r2, 
mR1r4 and mR2r1 also maintained their binding to mCD- 
200Fc. As judged by flow cytometry, mR2r1 but not 
mR2r4 showed immunoreactivity with 2A10 as well as 
with all R2 specific monoclonals. In contrast, the chi-
meric receptor mR2r4 behaves like mR4V5 in that it does 
not appear on the cell surface; it does not bind mCD- 
200Fc; and its expression can only be detected by west- 
erns. 

In summary, our data indicate that the TM and CT re-
gion of mCD200 receptors dictate their state of glycosy-
lation which can further affect their structure and con-
formation. Despite extensive homology between the dif-
ferent CD200Rs, the distinctive TM and CT region in 
these receptors may thus contribute significant heteroge-
neity with respect to ligand binding. We have also pro-
vided further evidence to support the hypothesis that 
both CD200R1 and CD200R2 bind CD200 as ligand 
with functional consequences for downstream signaling. 
Furthermore, with the CD200Rs shared amino acid iden-
tity and conserved N-glycosylation sites, raising anti- 
CD200R specific monoclonals will always remain a 
challenge. 
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FACS: Flow cytometry analyses; 
Fc: Fc domain of mouse IgG2a; 
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mR4: Mouse CD200 receptor 4; 
mDap12: Mouse adaptor protein Dap12; 
TM: Trans membrane; 
mR1r1: Mouse CD200 receptor 1; 
mR2r2: Mouse CD200 receptor 2. 
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SUPPLEMENTARY 
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(B) 

Figure 1. Anti-mR2 monoclonals do not recognize cells transfected 
with mR1his or mR4V5. Flow cytometery data for Hek293 cells stably 
transfected with mR1his (A) or mR4V5 (B). Cells were immunostained 
with anti-R2 monoclonals 6E4, 1H8, 4H4 and 9B6. 
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Figure 2. Anti-mR1 monoclonals recognize cells 
transfected with mR2V5 but not mR4V5. Flow cy-
tometry data of Hek293 cells stably transfected 
with mR2V5 (A) and (B) or transiently transfected 
with mR4V5 (C) and (D) were immunostained with 
anti-R1 monoclonal 2A10 (A) and (C), or commer-
cial ant-R1 antibody (B) and (D). 
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(B)                                         (C)            (D) 

Figure 3. Lack of heterodimerization between mR1 and mR2V5. Stably transfected mR1 cells were transiently transfected with 
mR2V5 and 24 h post transfection stained with anti-R2 specific antibody 4H4 in FACS to confirm the expression of mR2V5 at the 
cell surface (A). Dual transfected cells were lysed and subjected to SDS/PAGE & western blotting using anti-R1 (2A10)/anti-V5 
antibody (B), or were immunoprecipitated with anti-V5 antibody (C & D). Immunoprecipitates were analyzed using anti-R2 mono-
clonal antibody 5A4 (C, lane 1) or anti-mR1 monoclonal 2A10 (d lane 3). (lane 2 (C) represents immunoprecipitates from mock 
transfected cells, whereas (lane 4 (D) represents mR1 cell lysates (as control). 
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(C) 

Figure 4. Expression of chimeric receptors in Hek293 and their binding to MCD200Fc. (A) Flow cytometry data of transiently trans-
fected mR1r1, mR2r2, mR1r2, mR1r4 and mR2r1 cells immunostained with anti-R1 antibody 2A10 (panel a); (B) Binding of mCD200Fc 
to transiently transfected mR1r1, mR2r2, mR1r2, mR1r4 and mR2r1 cells was assessed by incubating transfected cells with 5 µg/ml 
mCD200Fc for 15 mins at 37˚C, followed by staining with FITC labeled anti-mouse IgG (Fab)2 fragment. Binding of mouse Fc (5 
µg/ml) to transiently transfected cells was used as the negative control in these experiments; (C) Flow cytometry data of Hek293 
cells transiently transfected with mR2r1 and immunostained with anti-R2 monoclonals antibodies 6E4, 1H8 and 4H4 (panel a). Flow 
cytometry data of Hek293 cells transiently transfected with mR2r4 and immunostained with anti-R2 monoclonal antibodies 6E4, 1H8 
and 4H4 (panel b). 
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