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Summary 

P2X receptor subunits (P2X1 to P2X7) assemble to form trimeric homo- or heteromers. Here, 

we describe the use of protein crosslinking to study the composition of P2X receptor complexes. 

This simple protocol is useful for determining the stoichiometry of P2X heteromeric receptors 

as well as for assessing the effect of point mutation, truncation or concatenation of the 

quaternary architecture of these receptors. 
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1. Introduction 

Crosslinking reagents are widely used to elucidate quaternary structure of protein 

complexes. These compounds create covalent link between proteins that interact or that 

are in close proximity to each other. These covalent bridges offer a simple method to 

stabilize complexes and determine molecular weight/stoichiometry of protein 



complexes following SDS-PAGE analysis. Different crosslinkers are commercially 

available and differ by their chemical reactivity, length of the spacer arm and their 

ability to cross the plasma membrane (see Figure 1 for an overview of crosslinker 

features). Homobifunctional N-hydrosuccinimide (NHS) ester represents the most 

popular class of crosslinkers that forms bridges (cleavable or not) between lysine 

residues.  

In the field of purinoreceptor, cross-linking studies of P2X1 and P2X3 receptors 

assembly provided the first biochemical evidence of the trimeric architecture of P2XR 

channel [1]. Trimeric architecture of P2XR was finally confirmed by several approaches 

including atomic force microscopy[2], electron microscopy[3], and the crystal structure 

of the truncated zebrafish zP2X4R[4].  

Thanks to its simplicity and effectiveness, cross-linking strategies still represent a 

method of choice in structure-functions studies to analyze the effects of truncation or 

point mutations on the quaternary structure of P2X receptors[5] [6]. We and other have 

also employed crosslinkers to elucidate the subunit composition of P2X receptor 

complexes. For instance Boumechache et al. demonstrated that in primary culture of 

microglia and macrophages endogenous P2X4 and P2X7 subunits interact between 

homotrimers rather than within heterotrimers[7]. We demonstrated that P2X5 and P2X2 

subunits interact to form heteromeric receptors with alternate stoichiometries, both 

expressed at the plasma membrane[8].  

In this chapter, we will describe a simple protocol that employ NHS ester based 

crosslinkers to study P2X receptors assembly and determine the stoichiometry of 

heteromeric P2X receptors. 

 

2. Materials 



 

2.1 Expression of the P2X subunits in HEK293 cell line 

1 Transfection reagent Lipofectamine 2000 (Life Technologies) or equivalent can be used 

to transfect HEK293 cell line. 

2 Complete cell media appropriate to the cell line in culture (for example, high glucose 

DMEM-Glutamax medium with 10% of fetal calf serum for HEK293). 

3 Opti-MEM culture media (Life Technologies). 

4 Plasmids coding for the P2X subunits (see Note 1). 

 

2.2 Cross-linking  

1 Crosslinkers such as BS3, Bis(NHS)PE05, sulfo-NHS-SDA or NHS-SDA (see Note 2) 

2 Phosphate-buffered saline containing 1 mM CaCl2 and 0.5 mM MgCl2 (PBS-CM). (see 

Note 3 ) 

3 Quenching solution (PBS-CM containing 50 mM Tris pH8.0). 

4 UV lamp with 365 nm bulbs for diazirine based crosslinking (see Note 4).  

 

2.3 Western blotting 

1 Cell lysis buffer (20 mM HEPES, 100 mM NaCl, 5 mM EDTA, 1% TX-100, pH7.4, 

and protease inhibitor cocktail) 

2 Tris-glycine gels or equivalent (see Note 5) 

3 Appropriate primary antibodies directed to P2X subunits and secondary antibodies. 

 

3. Methods 

 



3.1 HEK293 transfection  

1 Cells are plated 24 hours before transfection in 6 well plate to obtain a 60 - 70 % 

confluence on the day of transfection. 

2 Transfection of HEK293 can be performed using Lipofectamine 2000 according to the 

manufacturer’s instructions using 50 ng of P2X cDNA (see Note 6), 100 µl Opti-MEM 

and 5 µl Lipofectamine2000 per well.  

3 Incubate cells with transfection mixture for 4 - 5 h at 37ºC and 5% CO2, then remove 

transfection reagent containing media and split cells in 12 well plate with fresh culture 

media.  

4 Cross-linking experiments can be performed the following day or 48h after transfection.  

 

3.2 P2X multimer crosslinking using homobifunctional crosslinkers BS3 or 

Bis(NHS)PE05 

1 Cells are washed twice with ice cold PBS-CM. 

2 Incubate cells with the given crosslinker diluted in PBS-CM to a final concentration of 

1-5 mM  (see Note 7) for 30 min at 4°C (see Note 8). 

3 Cells are washed once with ice cold PBS-CM. 

4 Incubate cells in quenching solution (50 mM Tris pH8.0 in PBS-CM) for 5 min at 4°C 

 

3.3 P2X multimer crosslinking using heterobifunctional crosslinkers sulfo-NHS-

SDA and its uncharged analog NHS-SDA 

1 Crosslinking was performed as described above using 2 mM sulfo-NHS-SDA or the 

membrane permeant analog NHS-SDA. 



2 After quenching the free crosslinkers (step 4 above), cells were exposed to UV light 

(365 nm) for 15 min (see Note 9) to induce diazirine group reaction to any amino acid 

side chain. Keep cell dishes on ice (see Note 8). 

 

 

3.4 Visualization of P2X multimer by western Blotting 

1 Cells are scraped in 100 µl of CLB per well. 

2 Incubate lysates 30 min at 4°C. 

3 Centrifuge at 16.000 g for 10 min 

4 Keep supernatant and discard pellet 

5 Determine protein concentration using BCA method or equivalent. 

6 Add appropriate loading buffer (depending on the type of gels selected at step 7) and 

reducing agent such as 5% β-mercaptoethanol (see Note 10).  

7 Separate protein by electrophoresis (load 10 µg of protein for each condition per lane). 

and transfer to nitrocellulose membranes. 

8 Use appropriate primary and secondary antibodies to visualize P2X homomeric or 

heteromeric complexes (see figure 2). 

 

4. Notes 

1 Because most P2X subunits have similar molecular weight, the use of P2X subunits 

tagged to GFP (or any other fusion protein) might facilitate the analysis of the 

stoechiometry of heteromeric P2X receptors. Control experiment will have to be 

performed to confirm that the fusion does not alter the trimeric architecture of the 

corresponding homomeric P2X receptors.    



2 Different crosslinkers are commercially available and differ by their i) chemical 

reactivity (functional groups that bind the protein interest), ii) spacer arm composition 

(affecting the length and cleavability of the crosslinker) and, iii) solubility (and so their 

membrane permeability). Homomeric and heteromeric P2X receptors are efficiently 

crosslinked using homobifunctional N-hydroxysuccinimide ester with spacer arm 

length between 11 and 22 Å (See Fig.1). We also obtain good results with 

heterobifunctional crosslinkers that combine NHS-ester and diazirine-based 

photoreaction chemistries leading to the crosslink of amine-containing molecules with 

nearly any other functional group via long-wave UV-light activation (Fig1). Most of 

these crosslinkers have membrane permeable analogs suitable for intracellular 

conjugation.  

3 When using N-hydroxysuccinimide ester based crosslinkers, do not use Tris-buffered 

solution during crosslinker incubation as Tris contains free amine group that will quench 

the reaction.  

4 The optimal wavelength for diazirine photo-activation is around 340 nm. Avoid using 

UV lamps that emit light at 254 nm as this wavelength causes cell damage. Samples 

irradiation conditions should be optimized depending on UV lamp power and on the 

distance between the lamp and the sample. UV irradiation time should be less than 15 

minutes for crosslinking of live cells. For efficient UV irradiation, use uncovered cell 

culture dishes and place the lamp directly above samples placed on ice. 

5 For a better separation of P2X complexes during electrophoresis, use precast gradient 

gels (such as 4 to 12 % gradient). 

6 Overexpression of P2X subunits might be toxic for cells. Minimize cytotoxicity by 

using low DNA amounts and low transfection reagent volume. 

7 Prepare crosslinker solution immediately before use. 



8 In order to minimize plasma membrane receptor internalization, use cold buffers (at 

4°C) and keep cell dishes on ice during the crosslinking step.   

9 Adjust incubation time to the UV lamp power. 

10 Crosslinkers with disulfide bond within the spacer arm will be cleaved using reducing 

agent such as β-mercaptoethanol  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Overview of the main features of protein crosslinkers. This figure illustrates the 5 main features of protein 
crosslinkers and provides examples of reagents for each category.  

 



 

Figure 2: Analysis of P2X receptor quaternary structure by protein crosslinking. A, trimeric architecture of homomeric P2X2 
receptor is revealed by different crosslinkers. HEK293 cells expressing P2X2 subunits were incubated with increasing 
concentration of crosslinkers differing by their chemical reactivity (homo- vs hetero-bifunctionnal), the length of their spacer 
arm and their membrane permeability. The structure of each crosslinker is represented below the corresponding WB. The 
numbers located at the right of each WB indicate the presence of monomers, dimers and trimers. B, Homomeric receptors 
composed of P2X4-GFP or P2X3-Flag subunits are efficiently crosslinked by 5 mM BS3. C, Determination of the quaternary 
structure of heteromeric P2X2/P2X5 receptors. HEK293 cells expressing different combination of P2X2 or/and P2X5 subunits 
fused to either small tag (Myc tag) or YC3.1 cameleon protein (Cam) were incubated with 5mM BS3. Complexes were separated 
by Western Blot and revealed using sequentially GFP (pseudo-colored in green) and Myc antibodies (pseudo-colored in red). 
Overlay of the two pictures revealed the presence of homotrimers and two heteromers (H1 and H2) corresponding to two 
different subunit stoichiometries. The presence of monomeric P2X2-Cam species likely represents intracellular pool of the 
subunits whose trafficking is impaired by the fusion partner. 
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