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    Chapter 12   

 Methods to Immobilize GPCR on the Surface 
of SPR Sensors 

           Laura     Martínez-Muñoz    ,     Rubén     Barroso    ,     Anabel     Guedán     Paredes    , 
    Mario     Mellado    , and     José     Miguel     Rodríguez-Frade    

    Abstract 

   The G protein-coupled receptors (GPCRs) form one of the largest membrane receptor families. The nature 
of the ligands that interact with these receptors is highly diverse; they include light, peptides and hormones, 
neurotransmitters, and small molecular weight compounds. The GPCRs are involved in a wide variety of 
physiological processes and thus hold considerable therapeutic potential. 

 GPCR function is usually determined in cell-based assays, whose complexity nonetheless limits their 
use. The use of alternative, cell-free assays is hampered by the diffi culties in purifying these seven- 
transmembrane domain receptors without altering their functional properties. Several methods have 
been proposed to immobilize GPCR on biosensor surfaces which use antibodies or avidin-/biotin-based 
capture procedures, alone or with reconstitution of the GPCR physiological microenvironment. Here we 
propose a method for GPCR immobilization in their native membrane microenvironment that requires no 
manipulation of the target receptor and maintains the many conformations GPCR can adopt in the cell 
membrane.  

  Key words     G protein-coupled receptor (GPCR)  ,   Lentivirus  ,   Surface plasmon resonance (SPR)  , 
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1      Introduction 

  Surface plasmon resonance (SPR) techniques offer great possi-
bilities for studying and analyzing real-time interactions between 
molecules of biological interest [ 1 ]. These techniques are a clear 
alternative to more complex cell-based assays and can be used in 
high-throughput screening strategies. In the case of G protein- 
coupled receptors (GPCRs), SPR is particularly relevant for sev-
eral reasons, as (1) this is the largest receptor family in the human 
genome, and includes receptors for hormones, neurotransmit-
ters, chemokines, calcium ions, and light [ 2 ,  3 ], (2) it is probably 
the most clinically relevant receptor class [ 4 ,  5 ], and (3) due to 
their complex, seven-transmembrane-spanning hydrophobic α-helix 
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structure, these receptors require a lipid environment to maintain 
their native conformation [ 6 – 8 ]. 

 Proteins/molecules must be immobilized on an SPR biosensor 
surface to allow monitoring of interaction with a second protein/
molecule in solution. Immobilization to the support should retain 
the native protein conformation and binding activity over the 
course of the binding assay [ 9 ]. Proteins are usually immobilized 
covalently to the substrate, which can lead to random receptor ori-
entation or altered conformation. Chemical linker layers between 
the sensor surface and the biomolecule improve accessibility 
between the immobilized receptor and its ligands [ 10 ,  11 ]. Two 
basic strategies are used:

 –     Covalent attachment  to an  N -hydroxysuccinimide/(1-ethyl- 3-
(3-dimethylamino-propyl)-carbodiimide (NHS/EDC)-deriva-
tized dextran matrix that allows coupling to amino groups. 
Low pH is sometimes required, which increases the possibility 
of receptor denaturation. Multiple amino groups on the recep-
tor can result in random coupling and receptor orientation on 
the sensor surface [ 12 ,  13 ]. Other modifi ed matrices can be 
used to allow more specifi c, oriented receptor coupling [ 9 ].  

 –    Non-covalent attachment  via histidine tag, avidin-biotin, or 
antibody-based approaches that allow unidirectional coupling 
of membrane proteins [ 14 ,  15 ].    

 These strategies require the use of detergents, as well as recep-
tor purifi cation and modifi cation, to include epitope tags or biotin 
groups [ 16 – 18 ]. For receptors with many hydrophobic domains, 
these processes are complex and can alter receptor structure and 
ligand binding parameters; in addition, solubilization conditions 
must be optimized for each receptor. Many researchers use strate-
gies that immobilize receptors derived from detergent-solubilized 
membranes or crude cell preparations, which are reconstituted in a 
lipid microenvironment to maintain receptor activity [ 19 – 23 ]. 
Lipid bilayer formation and reconstitution can nonetheless limit 
access to the receptor surface and modify the effect of the original 
lipid composition and/or other membrane proteins. 

 For proteins with complex structures, immobilization on the 
SPR surface might not completely retain their functional character-
istics [ 9 ,  18 ]. In addition to their intrinsic structural complexity, 
GPCRs are found on the cell membrane in many conformations, 
which include preformed homo- and heterodimers and oligomers 
[ 24 ,  25 ]. These distinct conformations and the way a given ligand 
modulates these structures dictate the functional effect. GPCR can 
also be infl uenced by the lipid composition of specifi c membrane 
regions and/or other cell surface molecules [ 7 ,  26 – 29 ], which 
makes it diffi cult to establish reliable methods to reproduce native 
GPCR conformation(s) on the SPR biosensor surface. 
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 Some years ago, Hoffman et al. described a technique to study 
ligand binding to complex transmembrane proteins using SPR, by 
incorporation of these proteins into murine leukemia virus (MLV) 
virions that are easily purifi ed and immobilized on the sensor surface 
[ 30 ]. Here we describe an alternative method for membrane protein 
immobilization based on the generation of lentiviral particles.  

  Viruses are biological agents that effi ciently introduce their genetic 
material into target cells, on which they depend for replication [ 31 ]. 
This property has been used to obtain non-replicative vectors able 
to introduce genes of interest into a target cell [ 32 ]. Lentiviral vec-
tors are one of the most commonly used gene-transfer systems in 
gene therapy, due to their low immunogenicity, the possibility of 
infecting unmanipulated cells, the high capacity for transgene inte-
gration independent of cell cycle status, and the long-term mainte-
nance of transgene expression [ 33 – 36 ]. 

 Lentiviruses are members of the  Retroviridae  family and can 
infect both dividing and nondividing cells [ 37 ]. Lentiviral vectors 
were originally designed to provide effective gene therapies [ 38 –
 40 ]. Several accessory viral genes have been removed to generate 
minimal packaging systems; they are thus unable to replicate and 
are less immunogenic as they lack most genes that encode viral 
proteins [ 32 ,  41 – 43 ]. HIV-1 is the most studied of all lentiviruses, 
and HIV-1-based vectors are the most widely used for protein and 
siRNA delivery to target cells [ 32 ,  44 ,  45 ]. As for MLV and other 
viruses, lentivirus budding from the packaging cell will incorporate 
cell membrane fragments and the proteins they bear [ 46 ,  47 ]. 

 Lentiviral vectors are thus based on modifi ed HIV-1 virus and are 
usually generated by transient cell transfection of several plasmids:

    1.    The packaging unit (e.g., pCMV-dR8.91, pCMV-dR8.74, 
psPAX2) contains the genes that encode structural proteins and 
enzymes (gag, pol, tat, rev) needed to generate the lentiviral 
particle.   

   2.    The transfer vector (pLVTHM) bears the genetic material to be 
transduced in the target cell.   

   3.    The envelope plasmid (pMD2G) is derived from a heterolo-
gous virus, usually vesicular stomatitis virus (VSV), and deter-
mines vector tropism.     

 In the packaging unit, genes that code for viral proteins crucial 
for virulence (env, vif, vpr, vpu, nef) have been eliminated. 

 As commented above, transient transfection of a producer cell 
such as human embryonic kidney 293T cells (HEK-293T) with 
these plasmids generates LVP that include membrane fragments 
bearing proteins, among them is GPCR. LVP can thus act as vehicles 
that express membrane proteins in their native context and can be 
immobilized on a biosensor surface [ 48 – 50 ]. Receptor expression 

1.2  Lentiviral 
Particles (LVP)
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can be evaluated before LVP generation, and control LVP can be 
made using mock-transfected packaging cells. A gene of interest can 
be included in the transfer plasmid (pLVTHM) to increase receptor 
levels at the cell surface and thus at the surface of the LVP. The 
GPCR-expressing LVP can be attached to the surface of SPR bio-
sensors by standard immobilization strategies. This method elimi-
nates GPCR solubilization, stabilization, and purifi cation, as well as 
the need to purify and reconstitute membrane proteins; it does not 
require membrane regeneration, specifi c capture antibodies, or 
alternative capture reagents. In summary, LVP immobilization for 
use in SPR techniques is a simple, broadly applicable means to pres-
ent GPCR and other membrane proteins on a biosensor surface.   

2    Materials 

 Always use sterile materials and solutions. 

      1.    Plasmids: pLVTHM, psPAX2, and pMD2G were obtained 
from Prof. Didier Trono (  http://tronolab.epfl .ch     Tronolab, 
Lausanne, Switzerland) and can be ordered from Addgene. 
pGPCR contains the GPCR of interest.   

   2.    Transfection reagents: jetPEI 150 mM NaCl, sterile solution.   
   3.    Packaging cells: HEK-293T cells (ATCC CRL-11268). The 

HEK-293T cell line is a highly transfectable derivative of the 
human embryonic kidney 293 (HEK-293) cell line [ 51 ,  52 ].   

   4.    Tissue culture media: HEK-293T are cultured in DMEM sup-
plemented with 10 % fetal calf serum (FCS), 2 mM  L -gluta-
mine, and 1 mM sodium pyruvate (complete DMEM) in the 
absence of antibiotics. When required, 0.05 % trypsin/EDTA 
solution is used to detach cells.   

   5.    150 × 20 mm, 150 cm 2  culture area, cell culture Petri dishes 
(p150).   

   6.    Sucrose solution (20 %) for LVP purifi cation.   
   7.    BCA protein assay kit.   
   8.    SW55 Beckman-type rotor. Optima  L -100 XP ultracentrifuge.   
   9.    24-well, fl at bottom tissue culture plates, 2 cm 2  culture area 

(p24).      

      1.    All techniques described for the characterization of LVP 
(ELISA, fl ow cytometry, and electron microscopy) require the 
use of adequate primary antibodies that recognize specifi cally 
the GPCR of interest or other proteins present in the LVP that 
can be used as control (in our case GFP and CXCR4). Although 
there are commercially available antibodies against most 
GPCR, the availability of the correct antibody for the different 

2.1  Generation 
of Lentiviral Particles

2.2  Characterization 
of Lentiviral Particles
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applications should be confi rmed in advance. Secondary anti-
bodies labeled with appropriate molecules will also be required. 
We employ goat anti-mouse IgG HRPO-labeled secondary 
antibodies for ELISA, FITC- or PE-labeled rabbit anti-mouse 
antibodies for fl ow cytometry, and colloidal gold-conjugated 
anti-mouse IgG + IgM antibody for electron microscopy.   

   2.    Latex beads (4 μm) in 4 % w/v aldehyde/sulfate.   
   3.    Glycine 1 M buffer (7.53 g glycine in 100 mL PBS, pH 8.0).   
   4.    96-well ELISA plates specially formulated and treated to pro-

vide protein coating capacity.   
   5.    ELISA blocking solution: PBS (10 mM Na 2 HPO 4 , 1.76 mM 

KH 2 PO 4 , 137 mM NaCl, 2.7 mM KCl, pH 7.4), 0.5 % BSA, 
2 % normal goat serum.   

   6.    SIGMAFAST OPD tablets ( o -phenylenediamine).   
   7.    Carbon grids for electron microscopy (EM) (Gilder Grids).   
   8.    10-nm gold-conjugated goat F(ab′) 2  anti-mouse IgG + IgM 

antibody (15 min, RT). Supplied in 20 mM Tris ( tris -
hydroxymethyl - aminomethane ); 20 mM sodium azide; 154 mM 
NaCl; 1 % BSA; 20 % glycerol; pH 8.2. To make 100 mL: 
0.242 g (20 mM) Tris + 0.9 g (154 mM) NaCl + ultrapure 
water. Adjust pH from 7.2 to 8.2 with 1 N HCl or 1 N NaOH.   

   9.    Wash buffer for EM: PBS, 1 % BSA, 1 % normal goat serum, 
0.02 % sodium azide.   

   10.    Uranyl acetate 4 % (w/v) solution (dissolve 4 g of uranyl ace-
tate in 100 mL of boiling bidistilled water, fi ltrate, and main-
tain at 4 °C protected from light).   

   11.    Transmission electron microscope (1200-EX II, JEOL, 
Tokyo).   

   12.     35 S-Methionine (50 mCi/mL, PerkinElmer).   
   13.    12 % SDS-PAGE polyacrylamide gels.   
   14.    3-MM fi lter paper.   
   15.    Fluorescence imager (Phosphorimager Storm 869, Molecular 

Dynamics, GE Healthcare).   
   16.    Quantity One software (Bio-Rad).      

      1.    CM5 sensor chip (GE Healthcare).   
   2.    Reagents for cleaning gold surfaces: trichloroethylene, ace-

tone, ethanol, and H 2 O.   
   3.    Cleaned gold surfaces.   
   4.    Biacore 3000 (GE Healthcare).   
   5.    Piranha solution: H 2 SO 4 -H 2 O 2  (3:1).   
   6.    11-Mercaptoundecanoic acid (0.05 mM; 1.092 mg in 

100 mL H 2 O).   

2.3  Immobilization 
of Lentiviral Particles
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   7.     N -Hydroxysuccinimide (NHS, 0.1 M; 1.15 g in 100 mL H 2 O).   
   8.    1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC, 0.4 M; 

7.67 g in 100 mL H 2 O).   
   9.    Phosphate-buffered saline (PBS), 0.05 % Tween 20, pH 7.4.   
   10.    HEPES-buffered saline-P [10 mM HEPES, 0.15 M NaCl, 

0.005 % polyoxyethylene sorbitan monolaurate (P20), pH 7.4].   
   11.    Acetate buffer (10 mM, pH 4.0; 82 mg CH 3 COONa in 

100 mL H 2 O).   
   12.    Ethanolamine (1 M, pH 8.5; 6.108 g in 100 mL H 2 O).       

3    Methods 

     LVP are generated by transfecting a packaging cell line (in our 
case, HEK-293T cells) with three plasmids, pLVTHM, psPAX2, 
and pMD2G (Fig.  1 ), using jetPEI ( see   Note 1 ): 

    1.    Plate p150 dishes with HEK-293T cells (0.25 × 10 6  cells/mL) 
in complete DMEM 24 h before transfection ( see   Note 2 ).   

   2.    Transfect cells with the GPCR of interest ( see   Note 3 ): For 
each p150 dish, prepare 1.5 mL NaCl (150 mM) containing 
10–15 μg of pGPCR, the plasmid bearing the receptor of 
interest (Tube A). Vortex.   

   3.    For each p150 dish, prepare 1.5 mL NaCl, 150 mM contain-
ing 20–30 μL jetPEI (Tube B). Vortex.   

   4.    Add the preparation in Tube B to Tube A and vortex 30 s at 
room temperature (RT).   

   5.    Incubate 30 min at RT.   
   6.    Carefully eliminate the medium from the p150 dishes that 

contain the HEK-293T cells and add 17 mL/plate of fresh 
complete DMEM.   

   7.    Add 3 mL/plate of Tube A + Tube B mixture.   
   8.    Allow cells to express the transfected receptor by incubation 

for 24 h at 37 °C, 5 % CO 2  prior to transfection with the len-
tiviral plasmids.   

   9.    Determine receptor expression by fl ow cytometry using spe-
cifi c antibodies.   

   10.    Transfect cells with the lentiviral plasmids: For each p150 dish, 
prepare 1.5 mL NaCl, 150 mM containing 10 μg each of the 
three plasmids (pLVTHM, psPax2, and pMD2G; Tube A). 
Vortex ( see   Note 4 ).   

   11.    For each p150 dish, prepare 1.5 mL NaCl, 150 mM contain-
ing 60 μL jetPEI (Tube B). Vortex.   

   12.    Add the preparation in Tube B to Tube A and vortex 30 s at 
room temperature.   

3.1  Transfection 
of Packaging Cells 
and Purifi cation of LVP
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   13.    Incubate 30 min at RT.   
   14.    Carefully eliminate the medium from the p150 dishes that 

contain the HEK-293T cells and add 17 mL/plate of fresh 
complete DMEM.   

   15.    Add 3 mL/plate of Tube A + Tube B mixture.   
   16.    At 72 h post-transfection, collect the cell supernatant and cen-

trifuge (2,100 ×  g , 30 min, RT) to eliminate cell debris.   
   17.    Collect the transfected HEK-293T cells to analyze expression 

of transfected proteins by fl ow cytometry, immunocytochemis-
try (Fig.  2 ), and/or Western blot.    

   18.    Place the supernatant on a 20 % sucrose cushion (17 mL super-
natant on 4 mL sucrose solution) and centrifuge (247,000 ×  g , 
120 min, 4 °C).   

   19.    The resulting pellet will contain the purifi ed LVP ( see   Note 5 ). 
Resuspend the pellet in a small volume of sterile PBS; aliquot 
and store at −80 °C. LVP should be stored in small aliquots to 
avoid repeated freeze/thaw cycles. LVP can be quantitated 
using a BCA protein assay kit.    
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  Fig. 1    Procedure followed to generate lentiviral particles (LVP). Cells are transfected with the GPCR of interest 
(pGPCR), followed by transfection with lentiviral plasmids (psPAX2, pLVTHM, pMD2G). During budding, LVP 
incorporate membrane fragments that include the transfected GPCR in its native context       
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    LVP is titrated by transducing HEK-293T cells with serial dilutions 
of the purifi ed particles ( see   Note 6 ).

    1.    Plate HEK-293T cells (3 × 10 4  cells/well) in 1 mL complete 
DMEM using 24-well plates (day 1) and allow them to adhere 
(overnight, 37 °C, 5 % CO 2 ).   

   2.    Prepare serial dilutions of the purifi ed LVP in 250 μL complete 
DMEM.   

   3.    On day 2, count cells in one well (should contain 6–8 × 10 4  
cells) for use as reference.   

   4.    Aspirate the medium from the 24-well plates and add the dif-
ferent LVP dilutions. Incubate (24 h) and add 1 mL/well 
 complete DMEM.   

   5.    At 96 h after LVP addition, detach the transduced cells using 
0.05 % trypsin/EDTA. By fl ow cytometry, evaluate the per-
centage of transduced cells ( see   Note 7 ) by measuring GFP 
expression (included in the pLVTHM plasmid). Titer is 
expressed as transforming units per milliliter, which are cal-
culated as the number of cells transduced by a given volume 
of LVP.    

    LVP expression of the protein of interest can be determined by 
many techniques, including fl ow cytometry, Western blot analysis, 
ELISA, and electron microscopy. The transfected HEK-293T 
cells should be included in this study as a control. Due to the small 
size of LVP, the proteins on their surface cannot be followed by 
conventional fl ow cytometry techniques. To allow their detection 
in fl ow cytometers, we therefore couple the LVP to latex beads. 

3.2  Titration of LVP

3.3  Characterization 
of LVP by Flow 
Cytometry

  Fig. 2    Immunocytochemistry analysis of hCXCR4 and GFP expression on HEK-293T cells transfected with 
lentiviral vectors. hCXCR4 is constitutively expressed on HEK-293T cells and was visualized using specifi c 
antibodies. GFP is expressed by the pLVTHM plasmid and can easily be followed by immunocytochemistry. The 
fi gure shows an example of HEK-293T cells at 72 h post-transfection with the lentiviral plasmids       
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Aldehyde/sulfate latex beads have numerous aldehyde groups 
grafted to the surface of the polymer particle. The high density of 
the aldehyde group allows easy coupling of proteins and other 
materials to the latex particles in a one-step process. The sulfate 
groups on the microsphere surface maintain stability during cova-
lent coupling. The use of fl uorescently labeled ligands or 
conformation- dependent antibodies allows detection of the target 
GPCR in its native conformation on the LVP surface:

    1.    Sonicate a 20–100 μL of latex beads (5 min, RT).   
   2.    Add 15 μL LVP to 15 μL sonicated beads and incubate 

(15 min, RT).   
   3.    Add 1 mL PBS and incubate (60 min, 4 °C, with continuous 

shaking).   
   4.    Add 100 μL glycine buffer (100 mM fi nal concentration) to 

block free reactive groups. Incubate (30 min, RT, with con-
tinuous shaking).   

   5.    Centrifuge (1,950 ×  g , 3 min, RT).   
   6.    Wash with 1 mL PBS-0.5 % BSA and centrifuge (1,950 ×  g , 

3 min, RT).   
   7.    Suspend the beads in PBS-0.5 % BSA; 15 μL of beads are usu-

ally suffi cient for eight different staining conditions. GPCR 
on the surface of LVP bound to latex beads can now be 
stained with appropriate antibodies by standard techniques 
( see   Notes 8  and  9 ) (Fig.  3 ) [ 53 ,  54 ].       

  GPCR on the LVP surface can be detected in ELISA assays 
[ 48 ,  49 ,  55 ]:

    1.    Coat 96-well ELISA plates directly with 1–5 μg/mL or 10 7  
LVP particles in PBS (100 μL/well, overnight, 4 °C). LVP 
from mock-transfected HEK-293T cells should be used as 
control.   

   2.    After washing 3× with 300 μL/well PBS, block plates with 
200 μL/well ELISA blocking solution (60 min, 37 °C).   

   3.    Wash 3× with PBS.   
   4.    Incubate LVP with specifi c anti-GPCR antibodies or ligands 

diluted in PBS, 0.5 % BSA (100 μL/well, 90 min, 37 °C).   
   5.    Wash 3× with PBS.   
   6.    Add horseradish peroxidase (HRPO)-labeled secondary anti-

bodies diluted in PBS, 0.5 % BSA (100 μL/well, 90 min, 
37 °C).   

   7.    Wash 3× with PBS.   
   8.    Incubate with OPD or an alternative HRPO substrate and 

read absorbance using appropriate settings.    

3.4  Characterization 
of LVP by Enzyme-
Linked Immunoassay 
(ELISA)
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    Receptor expression in LVP can be analyzed on carbon grids by 
negative staining using transmission electron microscopy [ 49 ]:

    1.    Incubate LVP samples (15 μL) on carbon grids with anti-
GPCR antibody in PBS, 0.5 % BSA (15 min, RT).   

   2.    Incubate with 50 μL of 10-nm gold-conjugated goat F(ab′) 2  
anti-mouse IgG + IgM antibody (10 μg/mL in EM wash buf-
fer, 15 min, RT).   

   3.    Add 200 μL EM wash buffer (5×, 1–2 min, RT).   
   4.    Treat samples with 100 μL 2 % uranyl acetate (30 s, RT) and 

allow to dry.   
   5.    Examine if the EM grids are in a transmission electron 

microscope.    

3.5  Characterization 
of LVP by 
Transmission Electron 
Microscopy
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  Fig. 3    Staining of hCXCR4 expressed LVP coupled to latex beads. LVP were gen-
erated from HEK-293T cells that constitutively express the GPCR hCXCR4. After 
LVP coupling to latex beads, CXCR4 was analyzed using specifi c anti-hCXCR4 
antibodies by fl ow cytometry. The fi gure shows fl uorescence intensity of 
hCXCR4 in different LVP batches       
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    Target protein expression can also be controlled by standard 
 SDS- PAGE   and  Western blot  techniques. GFP or VSV envelope gly-
coprotein (VSV-G) expression can be used as control ( see   Note 10 ):

    1.    Plate and transfect HEK-293T cells with lentiviral plasmids as 
indicated (Subheading  3.1 ).   

   2.    Incubate in complete DMEM (24 h, 37 °C, 5 % CO 2 ).   
   3.    Wash cells with methionine (Met)-free DMEM and maintain 

cells in this medium supplemented with  35 S-Met (50 mCi/mL) 
for 48 h, 37 °C, 5 % CO 2 .   

   4.    Collect  35 S-Met-labeled LVP and purify as indicated above 
(Subheading  3.1 ).   

   5.    Load serial dilutions of the resulting LVP onto 12 % polyacryl-
amide gels and resolve by SDS-PAGE.   

   6.    Dry the gels on 3-MM fi lter paper and visualize with the 
phosphorimager.   

   7.    Calculate relative receptor stoichiometry using Quantity One 
software (Bio-Rad, Hercules, CA, USA) by normalizing to the 
number of Met residues for p24 and the receptor of interest 
and interpolating these values on a regression curve of p24 
data used as internal standard. We assume 2,100 molecules of 
p24/LVP, as indicated [ 56 ].    

    We use two types of SPR biosensors for LVP coupling: a homemade 
biosensor [ 57 ,  58 ] and a commercial Biacore 3000. The coupling 
of LVP should be designed to optimize LVP density on the sensor 
surface and avoid nonspecifi c interactions, without altering the bio-
logical activity of the receptors on the LVP surface. LVP can be 
attached to the gold sensor surface through self-assembled mono-
layers (SAM) that allow orientated, reproducible, simple  biomolecule 
immobilization, which reduces nonspecifi c adsorption of molecules 
(Fig.  4 ). 

  Covalent coupling of LVP to SAM 
    1.    Clean gold surfaces by ultrasonication successively with tri-

chloroethylene, followed by acetone, ethanol, and H 2 O.   
   2.    Immerse the chips in piranha solution for 15 s.   
   3.    Rinse with water.   
   4.    Dry under a N 2  stream.   
   5.    Form alkanethiol SAM by injecting mercaptoundecanoic acid 

(0.05 mM) at a fl ow rate of 20 μL/min. This fl ow rate will be 
maintained throughout the immobilization process.   

   6.    Rinse with ethanol and then with H 2 O.   
   7.    Activate the surface by injecting a mixture of equal volumes of 

NHS (0.1 M) and EDC (0.4 M) ( see   Note 11 ).   

3.6  Quantifi cation 
of Receptor Number

3.7  Coupling LVP 
to Homemade 
Biosensors
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   8.    Inject the LVP in acetate buffer ( see   Note 12 ).   
   9.    Block with ethanolamine (1 M, pH 8.5).   
   10.    Inject a continuous fl ow (60 μL/min) of PBS Tween 20 

0.05 %, pH 7.4 ( see   Note 13 ).    

        1.    Activate the carboxymethylated dextran surface of a CM5 sen-
sor chip by mixing equal volumes of 0.1 M NHS and 0.4 M 
EDC and injecting the mixture (5 μL/min, 7 min, RT) over 
the sensor chip.   

   2.    Use HEPES-buffered saline-P as immobilization running 
buffer.   

   3.    Inject LVP (10 7 /mL) diluted in acetate buffer (10 mM, 
pH 4.0) over the activated surface (5 μL/min, 7 min, RT).   

   4.    Inject ethanolamine (1 M, pH 8.5, 5 μL/min, 7 min, RT) to 
deactivate remaining active carboxyl groups.   

   5.    Correct LVP coupling to the biosensor surface should be 
determined for each receptor using specifi c antibodies. If 
HEK-293T cells are used as packaging cells, the chemokine 
receptor CXCR4 that is constitutively expressed by this cell 
line can be used as control. Specifi c anti-CXCR4 antibodies, 
ligands, and antagonists are commercially available.     

 Other commercial or homemade sensor chips with different 
surfaces can be used. LVP coupling to the biosensor surface does 
not appear to be a major problem.   

3.8  Coupling LVP 
to Biacore 3000

LVP
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FLOW
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  Fig. 4    Scheme showing LVP immobilization to the biosensor surface self-assembled monolayers (SAM). GPCRs 
expressed on the LVP surface are immobilized to the sensor surface through interaction with functional groups on SAM       
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4    Notes 

     1.    Cells can also be transfected using calcium phosphate, 
Lipofectamine, or any other method that yields good transfec-
tion effi ciencies.   

   2.    Always use fresh HEK-293T cells. Avoid repeated passages.   
   3.    Always generate LVP from untransfected HEK-293T cells for 

use as negative control in all experiments. When using the 
pLVTHM plasmid, the control particles will express GFP, 
which can be used to control the correct LVP expression. If 
HEK-293T cells express the receptor of interest (e.g., the che-
mokine receptor CXCR4 is constitutively expressed in this cell 
line) [ 49 ], or if you have stable transfectants of the target 
GPCR, lentiviral plasmids can be transfected without the tran-
sient transfections with pGPCR described in Subheading  3.1 , 
 step 2 .   

   4.    In most cases, we do not include the pMD2-G plasmid, as it is 
not needed for GPCR expression on the LVP surface. LVP 
lacking pMD2-G will be unable to infect target cells, but are 
fully functional for SPR immobilization and GPCR expression. 
When an increase in receptor levels is needed, the receptor 
DNA can be incorporated into the pLVTHM plasmid.   

   5.    There is increasing evidence that some viruses bud selectively 
from the cell surface through specifi c detergent-insoluble lipid 
rafts, which affects expression of some receptors in the LVP. 
Incorporation effi ciency of the transfected GPCR in the 
LVP probably correlates with expression level.   

   6.    LVP can also be titrated by PCR using primers specifi c for len-
tiviral genes in your plasmids [ 59 ].   

   7.    LVP that lack VSV-G or alternative envelope plasmids cannot 
be titrated by transducing HEK-293T cells, as the resulting 
LVP are neither infective nor replicative.   

   8.    As negative control for fl ow cytometry, include uncoupled 
beads or beads coupled to LVP obtained from mock- transfected 
HEK-293T cells.   

   9.    Using the original pLVTHM, GFP will be expressed in the 
LVP; secondary antibodies should therefore be selected that 
do not interfere with GFP fl uorescence.   

   10.    Western blot detects denatured proteins; therefore, it cannot 
be assumed that the receptor of interest retains its native con-
formation in the LVP. Detection by these methods depends on 
the availability of specifi c antibodies that recognize the dena-
tured protein. Receptor numbers in the LVP can be estimated 
by comparing the target receptor expression with the known 
number of expressed structural viral protein p24 molecules.   
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   11.    Covalent immobilization allows formation of stable, reproducible 
surfaces with control LVP density.   

   12.    Correct LVP coupling to the biosensor surface should be 
determined for each receptor using specifi c antibodies. If HEK-
293T cells are used as packaging cells, the chemokine receptor 
CXCR4 that is constitutively expressed by this cell line can be 
used as control. Specifi c anti-CXCR4 antibodies, ligands, and 
antagonists are commercially available.   

   13.    Appropriate assay buffer can greatly reduce nonspecifi c bind-
ing to the matrix. Evaluate a range of pH and ionic strength 
during immobilization and regeneration processes.         
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