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SUMMARY:  25 
This protocol describes how to establish a reporter system that can be used to identify and 26 
quantify receptor-ligand interactions.  27 
 28 
ABSTRACT:  29 
Interactions between receptors and ligands constitute a fundamental biological process. 30 
However, direct experiments with cells that express the native receptor and the ligand are 31 
challenging since the ligand of a specific receptor may be unknown and experimental 32 
procedures with the native ligand can be technically complicated. To address these obstacles, 33 
we describe a reporter system to detect the binding and activation of a specific receptor by a 34 
ligand of interest. In this reporter system, the extracellular domain of a specific receptor is 35 
conjugated to mouse CD3ζ and this chimeric protein is then expressed in mouse BW cells. These 36 
transfected BW cells can then be incubated with different targets (e.g., cells or antibodies). 37 
Activation of a transfected receptor leads to the secretion of mouse interleukin-2 (mIL-2) which 38 
can be detected by enzyme-linked immunosorbent assay (ELISA). This reporter system has the 39 
advantages of being sensitive and specific to a single receptor. In addition, the activation level 40 
of a specific receptor can easily be quantified and can be used even in cases where the ligand of 41 
the receptor is unknown. This system has been implemented successfully in many of our 42 
studies to characterize receptor-ligand interactions. We have recently employed this system to 43 

Manuscript Click here to access/download;Manuscript;58685_R3.docx

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&ved=0ahUKEwjWgs3bq9jbAhWGFZoKHcehCfIQFgg6MAQ&url=https%3A%2F%2Fwww.researchgate.net%2Fscientific-contributions%2F2100984781_Alexandra_Duev-Cohen&usg=AOvVaw2rPMtgWraM7lfD_Y0Z4rY_
mailto:elias.shlomo@gmail.com
mailto:shira.kahlon@mail.huji.ac.il
mailto:Alexandra%20Duev-Cohen
mailto:oferm@ekmd.huji.ac.il
http://www.editorialmanager.com/jove/download.aspx?id=903454&guid=2fd18558-2df1-4c19-86be-9e7665909192&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=903454&guid=2fd18558-2df1-4c19-86be-9e7665909192&scheme=1


  

study the activation of human Fcγ receptors (FcγRs) by different monoclonal anti-CD20 44 
antibodies in clinical use.  45 
 46 
INTRODUCTION:  47 
The BW reporter system is a technique for studying receptor-ligand interactions1. This system is 48 
especially advantageous when the ligand of a specific receptor is unknown or experiments with 49 
the endogenous ligand are technically difficult. It can also be used for studying the binding of 50 
monoclonal antibodies to human FcγRs. The method is based on expressing a chimeric protein 51 
in mouse BW cells. This chimeric protein is composed of the extracellular domain of the 52 
receptor of interest fused to the transmembrane and intracellular domains of the mouse ζ 53 
chain. Binding of appropriate ligands of the receptor leads to secretion of mouse IL-2, which can 54 
be easily detected by ELISA, as illustrated in Figure 1. This method is sensitive and specific to an 55 
individual receptor, easy to operate, and highly reproducible. It can thus complement 56 
additional tools for studying receptor-ligand interactions. For example, it can be used to screen 57 
several cell lines for the presence of a ligand for a specific receptor (even if the ligand itself has 58 
not been identified) or to detect the activation of human FcγRs by monoclonal antibodies or by 59 
human serum containing anti-viral antibodies. Although primary immune cells express 60 
endogenous FcγRs, they are generally difficult to handle and usually express several Fc 61 
receptors.  62 
 63 
We have used this system successfully in many of our studies to characterize receptor-ligand 64 
interactions. These include identifying haemagglutinin as the ligand of the NK cell receptor 65 
NKp462, identifying PVR and nectin-2 as ligands for human and mouse TIGIT3,4, and showing 66 
that the fusobacterium nucleatum bacterium binds and activates human TIGIT5. In addition, BW 67 
cells that express Fc receptors have been used successfully to detect anti-viral antibodies in 68 
patients' sera6-8. Specifically, we recently established BW cells that express human FcγRs to 69 
detect differential FcR activation of anti-CD20 antibodies used for the treatment of chronic 70 
lymphocytic leukemia (CLL)9. Importantly, the results of the BW reporter system have been 71 
validated in complementary experiments. 72 
 73 
PROTOCOL:  74 
 75 
1. Generation of a Plasmid that Expresses the Chimeric Construct 76 
 77 
NOTE: The aim is to generate a plasmid that expresses the extracellular domain of the receptor 78 
of interest fused to the transmembrane and intracellular domains of the mouse CD3ζ chain 79 
(Figure 2A).  80 
 81 
1.1. Retrieve the sequence of the extracellular domain of the receptor of interest including the 82 
signal peptide. Obtain DNA material which is expected to express this receptor (e.g., cDNA or a 83 
plasmid).  84 
 85 
1.2. Obtain DNA material that expresses the transmembrane and the intracellular domains of 86 
the mouse CD3ζ chain (e.g., cDNA or a plasmid).  87 



  

 88 
1.3. Design the sequence of the fusion protein based on the general structure shown in Figure 89 
2A. Make sure that the whole sequence is within the same codon reading frame. This sequence 90 
is used to design appropriate primers and verify the final product.  91 
 92 
1.4. Design two PCR reactions to amplify each of the fragments of the fusion proteins separately 93 
(Figure 2B, 2C)10.  94 
 95 
Note: The specific conditions for the PCR reactions (e.g., elongation time and annealing 96 
temperature) depend on the nature of the primers, which are designed for a specific receptor.  97 
 98 
1.4.1. Amplify the extracellular segment of the receptor. 99 
 100 
1.4.1.1  Design a 5' primer that includes part of the signal peptide of the receptor, a Kozak 101 
consensus sequence, and an appropriate restriction site (Figure 2B).  102 
 103 
1.4.1.2  Design a 3' primer that flanks both parts of the fusion protein (Figure 2B). For example, 104 
for the initial design this 3' primer can include the last 20 base pairs of the extracellular 105 
segment of the receptor and the first 9 base pairs of CD3ζ segment.  106 
 107 
NOTE: There is no need to add a restriction site to the 3' primer since this primer will be used to 108 
generate the fused sequence, and is not used for ligation.  109 
 110 
1.4.2. Amplify the CD3ζ segment. 111 
 112 
1.4.2.1. Design a 5' primer which flanks both parts of the fusion protein (Figure 2C). For 113 
example, for the initial design the 5' primer can include the last 9 base pairs of the extracellular 114 
segment of the receptor and the first 20 base pairs of the CD3ζ segment.  115 
 116 
NOTE: There is no need to add a restriction site to the 5' primer since this primer will be used to 117 
generate the fused sequence, and is not used for ligation. 118 
 119 
1.4.2.2.  Design a 3' primer which includes the end of the CD3ζ sequence as well as an 120 
appropriate restriction site (Figure 2C).  121 
 122 
1.4.3. Correct the primer sequences in each of these two reactions so that the annealing 123 
temperature is similar in each pair (note that the primer, which includes sequences of the two 124 
parts of the fusion protein, only anneals with part of the sequence in each reaction).  125 
 126 
1.5. Perform an additional PCR in which a mixture of the PCR products of the first two reactions 127 
is used as the DNA template with the 5' primer of the extracellular receptor segment (Step 128 
1.4.1.1) and the 3' of the CD3ζ segment (Step 1.4.2.2) (Figure 2D)10. This reaction should 129 
generate the final fused sequence. 130 
 131 



  

1.6. Proceed as usual for cloning.  132 
 133 
1.6.1. Ligate the final PCR product to the target cut vector (the target vector is usually pcDNA3 134 
which expresses G418 and ampicillin resistance).  135 
 136 
1.6.2. Transform the ligated vector into competent bacteria11. 137 
 138 
1.6.2.1.  Thaw 50 µL of the competent bacteria on ice. 139 
 140 
1.6.2.2.  Add the ligated vector to the bacteria and incubate on ice for 20 min. 141 
 142 
1.6.2.3.  Incubate at 42 °C for 45 s. 143 
 144 
1.6.2.4.  Add 200 µL of LB without antibiotics.  145 
 146 
1.6.2.5.  Incubate for 1 h at 37 °C with continuous shaking.  147 
 148 
1.6.2.6. Seed on an LB plate with the appropriate antibiotics (e.g., ampicillin solution with a final 149 
concentration of 0.1 mg/mL).  150 
 151 
1.6.3. Collect and grow several bacterial colonies in 5 mL of LB (in 15 mL tubes).  152 
 153 
1.6.4. The next day, extract plasmids with a mini prep kit. 154 
 155 
1.6.5. Analyze the gene insert with restriction enzymes.  156 
 157 
1.6.6. Sequence the relevant colonies and verify that the sequence and the reading frame are 158 
correct (as indicated in Step 1.3).  159 
 160 
1.7. Transform the verified plasmid into competent bacteria11. 161 
 162 
1.7.1. Thaw 20 µL of the competent bacteria on ice. 163 
 164 
1.7.2. Add 1 µL of the plasmid to the bacteria and incubate on ice for 20 min. 165 
 166 
1.7.3. Incubate at 42 °C for 45 s. 167 
 168 
1.7.4. Add 200 µL of LB without antibiotics.  169 
 170 
1.7.5. Incubate for 1 h at 37 °C with continuous shaking.  171 
 172 
1.7.6. Seed on a bacterial growth plate with the appropriate antibiotics (e.g., ampicillin solution 173 
with a final concentration of 0.1 mg/mL).  174 
 175 



  

1.8. The next day, grow a bacterial colony in a large LB container with 0.1 mg/mL ampicillin 176 
(~250 mL).  177 
 178 
1.9. The next day, perform maxi prep according to the specific instructions provided by the kit.  179 
 180 
NOTE: For the electroporation procedure, a large quantity of plasmid is required, as detailed 181 
below.  182 
 183 
2. Transfection of the Plasmid that Expresses the Chimeric Protein into BW Cells 184 
 185 
NOTE: Different methods can also be employed for transfection (e.g., by lentiviral infection). 186 
Prior to the electroporation, perform ethanol precipitation of the DNA as described below. The 187 
next steps require sterile conditions.  188 
 189 
2.1. The day before, prepare the BW5147 cells ("BW cells") for electroporation. Plate 10 plates 190 

(of 10 cm) with 10 mL of 100,000 BW5147 cells/mL (i.e., a total of 10  106 cells) with RPMI 191 
supplemented with 10% fetal calf serum (FCS), 1% sodium pyruvate, 1% L-glutamine, 1% non-192 
essential amino acids and 1% penicillin-streptomycin ("complete medium").  193 
 194 
2.2. Place 100 µg of the pcDNA3 plasmid that expresses the fusion protein in a 1.5-2 mL tube 195 
and add 3 M sodium acetate at pH 5.3 to it. The volume of the sodium acetate should 196 
correspond to 0.1 (10%) of the volume of the 100 µg plasmid; titrate the pH of the sodium 197 
acetate with a pH meter by adding NaOH or HCl.  198 
  199 
2.3. Add 2.5 volumes of 100% ethanol to the mixture of the plasmid and the sodium acetate as 200 
described in Step 2.2 (2.5x the total volume of plasmid and sodium acetate). Incubate overnight 201 
at -20 °C or for 2 h at 70 °C.  202 
 203 
2.4. 24 h after the BW cells have been plated, collect all the BW cells (~100 mL) in 2 50 mL 204 
tubes. Centrifuge the cells for 5 min at 515 x g and discard the supernatant.  205 
 206 
2.5. Re-suspend the pellet from both tubes in 25 mL of RPMI- in a single 50 mL tube. For 207 
example, re-suspend the pellet of one tube with 25 mL of RPMI- and then use this fluid to re-208 
suspend the fluid in the other 50 mL tube so that the total pellet from the BW cells is re-209 
suspended in 25 mL of medium in a single tube.  210 
 211 
NOTE: The medium should be without additions, since the serum might interfere with 212 
electroporation.  213 
 214 
2.6. Centrifuge the cells again for 5 min at 515 x g. Re-suspend the pellet in 1 mL of RPMI, and 215 
transfer the contents to a 0.4 cm cuvette on ice.  216 
 217 
2.7. Centrifuge the plasmid that underwent ethanol precipitation (Step 2.3) for 30 min at 218 
16,000 x g and 4 °C.  219 
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 220 
2.8. Wash once with 1 mL of 70% ethanol and centrifuge for another 20 min at 16,000 x g and 4 221 
°C (to wash out the salt). 222 
 223 
2.9. Remove all the ethanol and let the pellet dry slightly (i.e., in an open tube in the tissue 224 
culture hood). Re-suspend the pellet with 100 µL of RPMI- previously heated to 60 °C. 225 
  226 
2.10. Add the re-suspended plasmid (Step 2.8) to the cells in the cuvette and incubate for 5 min 227 
on ice. 228 
 229 
2.11. Electroporate the cells at 0.23 kV, 250 capacitation. This should take ~4 ms. 230 
 231 
2.12. Transfer the electroporated cells to a 50 mL tube, add 50 mL of complete medium and 232 
centrifuge for 5 min at 515 x g.  233 
 234 
2.13. Discard the supernatant and re-suspend the cells with 50 mL of complete medium.  235 
 236 
2.14. Plate the electroporated cells in 24-well culture dishes (1 mL per well, for a total of ~50 237 
wells) and incubate at 37 °C and 5% CO2 for 48 h.  238 
 239 
2.15. Select the transfected cells with antibiotics. After 48 h add 1 mL of complete medium 240 
supplemented with 10 mg/mL G418 to each well (at this stage the final volume in each well is 2 241 
mL and the final concentration of G418 in each well is 5 mg/mL).  242 
 243 
NOTE: If the plasmid contains a different antibiotic resistance, determine the antibiotic 244 
concentration required to kill the untransfected BW cells prior to this step. 245 
  246 
2.16. Every 48 h, carefully discard 1 mL of the upper volume of each well without stirring the 247 
medium in the well (the BW cells tend to be at the bottom of the well). Add complete medium 248 
supplemented with 5 mg/mL G418 to each well, so that the final volume in each well is again 2 249 
mL.  250 
 251 
2.17. Examine the culture plates for cell growth in all wells regularly.  252 
 253 
NOTE: A change in the color of the medium to yellow may help identify growing cells; however, 254 
at the beginning the medium will be yellow because of the G418 itself. Identify positive wells 255 
(wells with growing cells). These wells are G418 resistant and therefore are expected to express 256 
the fusion protein. This process usually takes ~3 weeks.  257 
 258 
3. Verification of the Expression of the Transfected Receptor in Cells in the Positive Wells.  259 
 260 
3.1. Stain the transfected BW cells with a specific antibody against the receptor which was 261 
transfected.  262 
 263 



  

3.2. Compare the expression level of the receptor by flow cytometry to the expression of the 264 
control cells (untransfected BW cells).  265 
 266 
3.3. After verification of one or more wells, use cells immediately for experimental purposes, 267 
grow in culture, or freeze for future applications. 268 

 269 
3.4. Verify the expression of the transfected receptor before performing a new experiment. 270 
After a few weeks of growth, the cells with G418 with a stable receptor expression, G418 can 271 
be omitted from the culture medium.  272 
 273 
4. Incubation of the Transfected BW Cells with Targets 274 
 275 
NOTE: When using the transfected BW cells for the first time, it is preferable to test them on 276 
targets that express a known ligand of the receptor of interest or on plate-bound antibodies 277 
specifically directed against the receptor of interest (cross-linking experiments; see below, 278 
section 4.2.1.3).  279 
 280 
4.1. Preferably, split the BW cells 24 h before the experiment (for example, by adding 10 mL of 281 
complete medium to 2 mL of cells in culture in a new 10 cm culture plate). 282 
 283 
4.2. Incubate the transfected BW cells with their targets. Perform the experiment 284 
simultaneously on control BW cells that express an empty vector (or parental BW cells). 96F 285 
plates are preferable (but 96U plates can also be used). Perform the experiment in triplicate. 286 
Suspend all the cells in the complete medium.  287 
 288 
4.2.1. Prepare the targets. The type of target varies as a function of the objective, and can be 289 
cells, cells that have been pre-incubated with antibodies, or antibodies alone. This system has 290 
also been used with bacteria as targets5.  291 
 292 
4.2.1.1. If the targets are dividing cells (i.e., cell lines), irradiate them at 6,000 rad prior to the 293 
assay. Place 50,000 of the target cells in a single well of a 96 plate (in a volume of 100 µL). 294 
  295 
4.2.1.2. For experiments with antibodies and BW cells that express human FcγRs, incubate the 296 
target cells with an antibody on ice in a 96 well plate (for example, 50 µL of the target cells and 297 
50 µL of the antibody; different antibody doses can be tested).  298 
 299 
4.2.1.3. If using antibodies alone as targets (cross-linking experiments), they should be plate- 300 
bound. For this purpose, first incubate the antibodies in a complete medium in a 96F plate for 301 
1-2 h at 37 °C and 5% CO2 (a typical starting dose is 0.5 μg of a specific antibody in 50 μL). Wash 302 
the plate to remove unbound antibodies.  303 
 304 
NOTE: In this case, a 96F plate will enable binding of the antibody to the plate, which after 305 
addition of the transfected BW cells will lead to activation of the transfected receptor.  306 
 307 



  

4.2.2. Add the BW cells (effector cells). Place 50,000 BW cells in a single well of a 96 plate (in a 308 
volume of 100 µL).  309 
 310 
4.2.3.  Complete the volume in each well to 200 µL if necessary.  311 
 312 
4.2.4. Incubate the plates at 37 °C and 5% CO2 for 48 h (this time period can be calibrated). 313 
 314 
4.3. After 48 h, freeze the plates at -20°C and thaw prior to ELISA, or use immediately for ELISA 315 
(see next steps). 316 
  317 
5. ELISA 318 
 319 
5.1. Coat an ELISA plate with an anti-mouse IL-2 antibody (anti-mIL-2). Place 0.05 µg of anti-mIL-320 
2 in a volume of 50 µL of 1x PBS per well. Incubate the coated ELISA plate with the anti-mIL-2 321 
antibody at 4 °C overnight or at 37 °C for 2 h.  322 
 323 
NOTE: To perform ELISA directly after the incubation step, the ELISA plate should be coated 24 324 
h before the end of the incubation period of the BW cells.  325 
 326 
5.2. Discard the fluid in the ELISA plate and add a blocking solution (200 µL per well) which is 327 
composed of 1x PBS and 1% bovine serum albumin (BSA). Incubate the ELISA plate for 2 h at 328 
room temperature.  329 
  330 
5.3. Wash the ELISA plate three times with 0.05% PBS Tween solution (i.e., 0.5 mL of Tween-20 331 
in 1 liter of 1x PBS).  332 
 333 
5.4. Take the 96 plate which has the BW cells that were incubated with their targets (4.3). If the 334 
plate was frozen, completely thaw it (e.g., by short incubation at 37 °C). Centrifuge the 96 plate 335 
(5 min, 515 x g) and carefully transfer 100 µL of the supernatant in each well to the pre-coated 336 
and blocked ELISA plate.  337 
 338 
NOTE: The supernatant should be collected from the sides of each well to avoid taking the cells.  339 
 340 
5.5. If desired, add recombinant mIL-2 with defined concentrations to one of the empty rows of 341 
the coated ELISA plate to generate a standard curve of mIL-2. For example, start from a mIL-2 342 
concentration of 2500 pg/mL and then decrease by 50% in each subsequent well; do not add 343 
mIL-2 to the last well.  344 
 345 
5.6. Incubate the ELISA plate at 4 °C overnight or at 37 °C for 2 h.  346 
 347 
5.7. Wash the ELISA plate four times with PBS Tween. 348 
 349 
5.8. Add biotin anti-mouse IL-2 to the ELISA plate. Use a concentration of 1 µg antibody in 1 mL 350 
of 1x PBS with 1% BSA and divide into 100 µL per well.  351 



  

 352 
5.9. Incubate at room temperature for 1 h. 353 
  354 
5.10. Wash the ELISA plate six times with PBS Tween.  355 
 356 
5.11. Add HRP conjugated streptavidin. Use a concentration of 1 µL streptavidin in 1 mL of 357 
PBSX1 with 1% BSA and divide it into 100 µL per well.  358 
 359 
5.12. Incubate at room temperature for 30 min.  360 
 361 
5.13. Wash the ELISA plate six times with PBS Tween. 362 
  363 
5.14. Add 100 µL per well of TMB substrate solution. Complete this stage quickly to minimize 364 
differences between the wells due to time lags when adding the TMB.  365 
 366 
5.15. Read the ELISA plate with an ELISA plate reader at 650 nm (the reading can be repeated if 367 
the signal is weak).  368 
 369 
REPRESENTATIVE RESULTS:  370 
Figure 3 illustrates the results of an experiment with a BW reporter system. In this experiment, 371 
CLL cells were pre-incubated with different anti-CD20 antibodies (rituximab and obinutuzumab) 372 
and then co-incubated with transfected BW cells which express CD16a-CD3ζ. Similar 373 
experiments were conducted in our study9. Figure 3A presents an image of a raw ELISA plate 374 
where the color intensity corresponds to a concentration of mIL-2. The experiment was 375 
performed in triplicate. This experiment included several controls: CLL cells incubated with 376 
parental untransfected BW cells (upper row) and CLL cells incubated with BW cells which 377 
express CD16a-CD3ζ but without an antibody or with a control antibody (six wells in the second 378 
row on the left). The incubation of BW cells that expressed CD16 with CLL cells that were pre-379 
incubated with anti-CD20 antibodies induced a significant secretion of mIL-2 compared to the 380 
mIL-2 level of the control wells. Importantly, pre-incubation of the CLL cells with the anti-CD20 381 
obinutuzumab activated CD16 more strongly than rituximab, a known finding which was 382 
recapitulated by our system. The last row shows descending pre-defined concentrations of 383 
recombinant mIL-2 (without the addition of cells). The right well in the last row does not have 384 
mIL-2 and represents the background reading, which appears similar to the control wells. Figure 385 
3B presents the quantification of the results of the ELISA plate shown in Figure 3A. The optical 386 
density (OD) levels were converted into mIL-2 concentrations based on the standard curve with 387 
recombinant mIL-2. Figure 3C presents a dose response experiment where different doses of 388 
antibodies were pre-incubated with CLL cells and then incubated with BW cells expressing 389 
CD16.  390 
 391 
FIGURE AND TABLE LEGENDS:  392 
Figure 1. Schematic representation of the BW reporter system. BW5147 cells are stably 393 
transfected with the extracellular portion of different receptors fused to the transmembrane 394 
and cytoplasmic domains of the mouse CD3ζ chain (chimeric recptor-CD3ζ). Activation of a 395 



  

specific receptor-CD3ζ by a ligand results in a secretion of mIL-2 which can be detected by 396 
ELISA.  397 
 398 
Figure 2. The structure of the chimeric receptor-CD3ζ and the design of PCR primers. (A) 399 
General structure of an extracellular receptor fused to the transmembrane and intracellular 400 
domains of mouse CD3ζ. (B) The extracellular domain of the receptor was amplified with a 3' 401 
primer which also included nucleotides of CD3ζ. (C) The intracellular and transmembrane 402 
domains of CD3ζ were amplified with a 5' primer that also included receptor nucleotides. (D) In 403 
the final PCR reaction, both segments, which have overlapping sequences, were used as the 404 
DNA template. In all figure panels, different protein domains are color-coded and boxed in blue 405 
rectangles (CD3ζ sequence) and red rectangles (the receptor sequence).  406 
 407 
Figure 3. Illustration of the final product of the BW reporter system. (A, B, C) CLL cells were 408 
pre-incubated with or without two anti-CD20 antibodies (rituximab and obinutuzumab) or a 409 
control antibody. Afterwards, the antibody-bound cells were incubated with parental BW cells 410 
or BW cells which express CD16a-CD3ζ. The level of mIL-2 in the supernatant was determined 411 
by ELISA. (A) An image of a raw ELISA plate. Color intensity indicates the concentration of mIL-2 412 
in the supernatant. The experiment was performed in triplicate. The lower row shows the ELISA 413 
readout in decreasing concentrations of recombinant mIL-2 which were analyzed in the same 414 
plate. (B) Quantification of the ELISA reading shown in (A). The mIL-2 levels were calculated 415 
using a standard curve of mil-2. (C) A dose response experiment where different doses of 416 
antibodies were pre-incubated with CLL cells and then incubated with BW cells expressing 417 
CD16a-CD3ζ. ***, P < 0.001; Student's t test (B) or ANOVA with multiple comparisons (C). The 418 
only comparison in (C) which was not significantly different was for rituximab and the control 419 
Ab in the first concentration (0.01 µg/mL). Error bars represent the standard deviation of the 420 
triplicates. Similar experiments were conducted as part of one of our recent study9.  421 
 422 
DISCUSSION:  423 
Here we present a protocol for generating a reporter system to investigate receptor-ligand 424 
interactions (see an abbreviated form of this protocol in1). The protocol is composed of three 425 
main parts: cloning of a chimeric protein, which includes the extracellular domain of a specific 426 
receptor fused to the intracellular domain of CD3ζ, transfection of a plasmid that expresses the 427 
fusion protein to BW cells (e.g., by electroporation), and quantitative detection of mouse IL-2 428 
by ELISA. The final product of each of these parts should be verified independently: the cloning 429 
process should be verified by complete sequencing of the fusion protein in the target plasmid, 430 
the transfection of the BW cells should be verified by examining the expression of the receptor 431 
of interest in the BW cells (e.g., by flow cytometry), and the ELISA process should be verified by 432 
general positive controls (e.g., recombinant mIL-2) as well as with specific controls for the 433 
transfected BW cells; i.e., targets that express a known ligand of the receptor of interest (e.g., 434 
cells that express CD48 can be used as a positive control for BW cells that express the NK cell 435 
receptor 2B4). For instance, the cloning process may be successful, but the fusion protein is not 436 
expressed by the BW cells. In this case, the electroporation should be repeated. Alternatively, if 437 
there is no signal above the background level of the ELISA plate (especially for the positive 438 



  

controls) the transfected BW cells may have failed to express the receptor (or the expression 439 
has been lost) or a technical problem may have occurred during the ELISA process.  440 
 441 
Several modifications can be made to this protocol while preserving the general principles of 442 
the procedure. These modifications include the vector used to express the fusion protein, the 443 
method for transfecting the plasmid to BW cells and specific parameters related to the 444 
incubation and ELISA such as the type of target (e.g., cells, antibodies, etc.), number of target 445 
cells or the antibody concentration if relevant (we use 50,000 cells per well and an antibody 446 
starting dose of 0.5 µg/well), incubation time (we use an incubation time of 48 h) and the 447 
supernatant volume which is transferred to the ELISA plate.  448 
 449 
This method is sensitive, specific and can be easily quantified. It is ideal for screening for the 450 
presence of ligands for specific receptors (especially if the ligand itself has not been 451 
recognized). After preparing transfected BW cells that express a specific receptor, these cells 452 
can be frozen and used when needed for additional experiments. We and others have used this 453 
system successfully in previous studies to explore receptor-ligand interactions (for 454 
example2,3,5,12-16) and the results obtained by this system have been verified by other 455 
techniques. This method can also be used to study the activation of different human FcγR 456 
receptors by antibodies, as has been done for anti-viral antibodies in serum6-8 or with 457 
monoclonal antibodies against CD209.  458 
 459 
Since this is a reporter system in which only the extracellular segment of the receptor is 460 
expressed, the findings obtained by this system should be complemented by additional 461 
experiments with the endogenous receptor, such as cytotoxicity assays with natural killer (NK) 462 
cells to study interactions with NK cell receptors. Moreover, certain ligand/receptor 463 
interactions may not result in a mIL-2 secretion by the reporter system, and therefore might be 464 
overlooked. In addition, as in any experimental setup, the results should be verified for various 465 
parameters as described above. This is especially important in cases where a comparison of two 466 
conditions is required (e.g., activation of the same Fc receptor by different antibodies). It is also 467 
important to verify that the sensitivity of a specific ligand-receptor interaction is within the 468 
linear range of the system. Otherwise this could lead to saturation values which may preclude a 469 
valid comparison across conditions. This can be achieved by using a mIL-2 standard curve as 470 
well as by generating a dose-response curve with the tested ligand (in the case of saturating 471 
values, the experimental parameters should be modified; e.g., a smaller volume of supernatant 472 
should be analyzed by ELISA). Another possible limitation of this system is the use of target cells 473 
with endogenous secretions of mIL-2 (e.g., mouse T cells) which would mask the IL-2 secretion 474 
of BW cells. To overcome these highly unusual occurrences which are confined to mouse cells, 475 
this reporter system could be improved by using a different reporter (e.g., GFP) which is not 476 
expressed by the target cells.  477 
 478 
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15. 4.2.1.2: What’s the condition for incubation. 

Response: The condition for the incubation is mentioned – "on ice". 

 

16. 4.3: Please write this step in imperative tense. 
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17. Step 5: Please do not highlight a step without highlighting any of the sub-steps. 
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