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transfected with a NF-κB-luciferase construct. 
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SUMMARY: 21 

Here, we present a protocol to quickly and easily measure nuclear factor kappa-light-chain-22 

enhancer of activated B cells (NF-κB) activation in cell lines expressing NF-κB::luciferase reporter 23 

constructs, via measurements of luminescence in the cell lysate. Additionally, gene expression is 24 

determined via RT-qPCR isolated from cells infected with Salmonella Typhimurium. 25 

 26 

ABSTRACT: 27 

The dimeric transcription factor NF-κB regulates many cellular response pathways, including 28 

inflammatory pathways by inducing the expression of various cytokines and chemokines. NF-κB 29 

is constitutively expressed and is sequestered in the cytosol by the inhibitory protein nuclear 30 

factor of kappa light polypeptide gene enhancer in B cells inhibitor, alpha (IκBα). Activation of 31 

NF-κB requires the degradation of IκBα, which then exposes a nuclear localization signal on NF-32 

κB and promotes its trafficking to the nucleus. Once in the nucleus, NF-κB binds to the promotor 33 

region of NF-κB target genes such as interleukin 6 (IL-6) and IL-23, to promote their expression.  34 

 35 

The activation of NF-κB occurs independently of transcription or translation. Therefore, the 36 

activation state of NF-κB must be measured either by quantifying NF-κB specifically in the 37 

nucleus, or by quantifying expression of NF-κB target genes. In this protocol, cells stably 38 

transfected with an NF-κB::luciferase reporter construct are assayed for NF-κB activation using 39 

in vitro tissue culture techniques. These cells are infected with Salmonella Typhimurium to 40 

activate NF-κB, which traffics to the nucleus and binds to κB sites in the promoter region of 41 

luciferase, inducing its expression. Cells are lysed and analyzed with the luciferase assay system. 42 

The amount of luciferase produced by the cells correlates with the intensity of the luminescence 43 

signal, which is detected by a plate reader. The luminescence signal generated by this procedure 44 
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provides a quick and highly sensitive method by which to assess NF-κB activation under a range 45 

of conditions. This protocol also utilizes quantitative reverse transcription PCR (RT-qPCR) to 46 

detect relative mRNA levels that are indicative of gene expression. 47 

 48 

INTRODUCTION: 49 

The nuclear factor-κB (NF-κB) family of proteins are important transcription activators that 50 

regulate gene expression in various biological pathways. Activation of NF-κB induces 51 

transcription of target genes, many of which are important for immune and inflammatory 52 

responses, cell proliferation, stress responses and cancer progression1,2. NF-κB plays an integral 53 

role in mediating early inflammatory outcomes for pathogen clearance. Given the many 54 

biological processes mediated by NF-κB activation, disruptions in its signaling can have serious 55 

consequences for health and disease. Loss of function mutations in NF-κB signaling are associated 56 

in several immune deficiency phenotypes, while gain of function mutations are associated with 57 

several types of cancers, including B-cell lymphomas and breast cancers3. Additionally, many 58 

pathogens have been shown to directly modulate the activation state of NF-κB through 59 

expression of virulence factors4-7.  60 

 61 

Activation of NF-κB is known to be a consequence of many variable stimuli including bacterial 62 

products such as lipopolysaccharides (LPS), flagellin and peptidoglycans known as pathogen-63 

associated molecular patterns (PAMPs). These PAMPs are detected by pattern recognition 64 

receptors (PRRs) such as the Toll-like receptors (TLRs) and Nod-like receptors (NLRs) leading to 65 

the activation of NF-κB and the subsequent expression of an array of NF-κB-dependent 66 

inflammatory genes8. In addition to PRR activation by PAMPs, other bacterial products, such as 67 

bacterial effector proteins, can induce the activation of NF-κB. Interestingly, bacteria also express 68 

effector proteins that actively attenuate the NF-κB pathway and enhance their pathogenicity, 69 

underscoring the importance of NF-κB as an essential mediator of immunity9.  70 

 71 

There are five different subunits that form the NF-κB dimers; p50, p52, RelA (p65), RelB and cRel. 72 

The two main NF-κB heterodimers are the p50:RelA and the p52:RelB dimers. The activated NF-73 

κB dimers bind to DNA sites, known as κB sites, in the promoter and enhancer regions of various 74 

target genes. Under normal homeostatic conditions, NF-κB interacts with a family of inhibitor 75 

proteins known as IκB proteins to remain inactive. Upon stimulation, IκB is phosphorylated by 76 

IκB Kinase (IKK), which allows it to be targeted for ubiquitination, and subsequently degradation. 77 

Degradation of IκB activates NF-κB by revealing a nuclear localization signal. NF-κB then 78 

translocates to the nucleus, where it binds κB sites in the promoter region of target genes and 79 

promote transcription10. Thus, activation of NF-κB upregulates mRNA expression of NF-κB target 80 

genes, and this change can be measured through RNA quantification assays such as RT-qPCR11. 81 

 82 

Several methods exist and are commonly used for the measurement of NF-κB activation, 83 

including electrophoretic mobility shift assays (EMSA), nuclear translocation, and gene reporter 84 

assays. EMSA is used to detect protein complexes with nucleic acids. Stimulated cells are 85 

fractionated to isolate nuclear proteins, including the translocated NF-κB, which is then 86 

incubated with radiolabeled nucleotides containing the NF-κB binding domain. The samples are 87 

run on a gel and imaged by autoradiography of 32P-labeled nucleic acid. If NF-κB is present in the 88 



protein fraction, it will bind the nucleotides, which will migrate slower through the gel and 89 

present as discrete bands. Nuclear fractions of cells lacking activated NF-κB (e.g., unstimulated 90 

control cells) will produce no bands as the nucleotides migrate faster to the end of the gel. A 91 

major drawback of this method is that it is largely quantitative in the binary sense (i.e., on or off) 92 

and does not adequately capture meaningful differences in NF-κB binding capacity. Additionally, 93 

this method does not consider chromatin structures that are functionally important for NF-κB 94 

target genes12,13. 95 

 96 

Similar to the previous method, there is a "non-shift" assay in which multi-well plates are coated 97 

with nucleotides containing the NF-κB binding sequence. Following treatment of cells with 98 

nuclear fractions of protein, NF-κB will bind to the nucleotides bound to the well. Anti-NF-κB 99 

antibodies are then added, which will interact with the bound NF-κB and produce a colorimetric 100 

signal proportional to the amount of NF-κB, indicating the degree of NF-κB activation. This 101 

method is advantageous over the EMSA in that it does not require radiolabeled nucleic acids and 102 

is quantitative, in comparison. However, a caveat of this method is that it again does not 103 

differentiate between chromatin states of NF-κB target genes14. 104 

 105 

Another method by which NF-κB activation may be detected is by chromatin 106 

immunoprecipitation (ChIP), whereby DNA and interacting proteins are cross-linked with 107 

formaldehyde and immunoprecipitated with specific anti-NF-κB antibodies. The specific 108 

nucleotide fragments are then purified and identified through PCR amplification or direct high 109 

throughput sequencing. Results generated from this method provide semi-quantitative results of 110 

NF-κB binding activity with target genes. However, the results are highly dependent on the 111 

fixation conditions and purification processes at each step15. 112 

 113 

In nuclear translocation assays, cells are stimulated to induce NF-κB activation and then fixed. 114 

Anti-p65 antibodies are added to fixed cells. Alternatively, the p65 subunit itself can be tagged 115 

with a fluorescent peptide such as green fluorescent green (GFP). In either case, 116 

immunofluorescence will allow imaging of localization of p65 to determine cellular distribution. 117 

By measuring the proportion of cytosolic and nuclear localized protein, investigators can 118 

determine the relative activation state of NF-κB. A drawback of this method is that the 119 

immunofluorescence is comparatively time consuming, requires expensive antibodies, and needs 120 

relatively greater technical expertise16.  121 

 122 

Reporter genes are commonly used tools to study the regulatory and expression patterns of a 123 

gene of interest. Typically, reporter genes are constructed from the promoter sequence of a gene 124 

of interest fused to a gene coding for an easily detectable protein. Proteins with enzymatic 125 

activities, fluorescence, or luminescence properties are commonly chosen for their ability to be 126 

assayed and quantified. Thus, the read-out (e.g., luminescence, fluorescence) serves as a signal 127 

for detection of the gene expression. These reporter constructs can then be introduced into 128 

different cell types, such as epithelial cells or macrophages. 129 

 130 

Described in the protocol is the use of a cloned HeLa cell line (HeLa 57A) that is stably transfected 131 

with a luciferase reporter containing three copies of the κB consensus of the immunoglobulin κ-132 



chain promoter region17. Expression of luciferase is dependent on the activation of NF-κB, which 133 

occurs following cell stimulation. Stimulated cells are easily lysed using cell lysis buffer provided 134 

in the luciferase assay kit. A portion of the cell lysate is then mixed with luciferase assay buffer 135 

that contains luciferin. Luciferin is the substrate of luciferase and is required for the generation 136 

of light in the presence of luciferase. After combining the assay buffer with the lysate, the solution 137 

will emit light in a process known as luminescence. The amount of light produced, given in 138 

lumens, is proportional to the amount of luciferase present in the lysate and serves as a measure 139 

of NF-κB activation. The lumen readings are interpreted in comparison to an unstimulated 140 

standard to account for baseline NF-κB activity and the signal itself is stable for several minutes 141 

to allow for reliable measurement. In addition, the HeLa 57A cell line is stably transfected with a 142 

NF-κB-independent -galactosidase reporter. The -galactosidase reporter is constitutively 143 

expressed, and -galactosidase activity can be measured to control for cell viability or variation 144 

in cell numbers17. The luciferase values can then be adjusted to the -galactosidase values and 145 

reported as fold increase over the unstimulated control cells. 146 

 147 

Since NF-κB is a transcription factor responsible for the increased expression of NF-κB-dependent 148 

target genes, a follow up experiment to control for NF-κB-dependent increased gene expression 149 

is quantitative reverse transcription polymerase chain reaction (RT-qPCR). RT-qPCR is a highly 150 

sensitive method by which changes in the gene expression can be quantified over several orders 151 

of magnitude. Stimulated and control cells are harvested for RNA via phenol-chloroform 152 

extraction. Following phase separation, RNA is extracted as the major component of the aqueous 153 

layer. RNA is then precipitated and washed to produce a pure pellet. This pellet is then 154 

reconstituted and further cleaned of contaminant DNA via DNase treatment. The pure RNA is 155 

then reverse transcribed to create complementary DNA (cDNA). This cDNA can then be analyzed 156 

through quantitative PCR techniques, where the abundance of a specific mRNA sequence is 157 

quantified to determine gene expression. This technique does not elucidate translational control, 158 

post translational modification, protein abundance, or protein activity. However, many genes, 159 

particularly those involved in pro-inflammatory processes, are regulated via NF-κB and their 160 

mRNA abundance is indicative of their expression. 161 

 162 

The method proposed here utilizes a fast and simple way by which NF-κB activation can be 163 

detected via luminescence assays of cellular lysate. RT-qPCR of NF-κB target gene expression can 164 

be used to quantify expression of particular genes, as well as validate functional activity of NF-κB 165 

activation. The major advantages of such a system are its simplicity and speed, which allows for 166 

high throughput screening of a range of conditions that modulate NF-κB activation. This protocol 167 

is suitable for other cell lines expressing an NF-κB::luciferase reporter, and has been 168 

demonstrated in stably transfected RAW264.7 cells18. The amount of time required to handle 169 

samples, starting from cell lysis to generating a luminescence signal, is minimal and takes the 170 

span of about an hour. Measurement of NF-κB requires only basic laboratory equipment such as 171 

opaque plates, a plate reader capable of measuring luminescence, and simple data analysis 172 

software such as a spreadsheet program. 173 

 174 

PROTOCOL: 175 

 176 



1. Cell passaging and seeding 177 

 178 

1.1. Maintain HeLa 57A cells in a 75 cm2 flask containing 10 mL of Dulbecco’s modified Eagle’s 179 

media (DMEM) supplemented with 5% heat inactivated fetal bovine serum (FBS) at 37 °C in a 5% 180 

CO2 incubator. 181 

 182 

1.2. Aspirate cell culture media and wash with 1 mL of 0.05% trypsin-EDTA solution. Aspirate 183 

trypsin and replace with an additional 1 mL. Place the flask in a 37 °C incubator for 4-5 min to 184 

allow cells to detach from flask.  185 

 186 

1.3. Add 9 mL of cell culture media and gently wash the bottom of the flask a few times to 187 

dislodge cells and form a homogenous suspension. 188 

 189 

1.4. Dilute HeLa 57A cells 1:6 or 1:8 in fresh media and seed into new flasks. Passage cells when 190 

they are 90% confluent or every three days and maintain cells at a minimum of 25% confluency. 191 

 192 

1.5. One day before cell stimulation, trypsinize HeLa 57A cells and suspend in 10 mL of growth 193 

media. Count cells in suspension using a hemocytometer and use growth media to dilute cells to 194 

a final concentration of 2.5 x 105 cells/mL in a 50 mL conical tube.  195 

 196 

1.6. Transfer 250 µL of cell suspension (~6.25 x 104 cells) to each well of a 48-well plate. 197 

Periodically cap and turn over the conical tube to ensure a homogenous cell suspension. Tap the 198 

plate gently on the side to ensure that the cells distribute uniformly in the wells. 199 

 200 

1.7. Transfer the plate to 37 °C in a 5% CO2 incubator and allow the cells to attach and grow 201 

overnight. 202 

 203 

2. Preparation of bacteria 204 

 205 

2.1. Two days before infection, streak frozen stocks of Salmonella onto LB agar plates to produce 206 

single colonies. Transfer plates to an incubator set to 37 °C and allow overnight growth. 207 

 208 

2.2. One day before infection, add 3 mL of lysogeny broth (LB) to sterile bacterial culture tubes, 209 

adding the appropriate antibiotics to the media. 210 

 211 

2.3. Using a sterile inoculation loop, pick a single colony from streaked bacterial cultures and 212 

touch the loop to the LB media. Cap the tubes after inoculating and discard the loop. 213 

 214 

2.4. Place the tubes in a shaking incubator set at 37 °C, 180 rpm, and allow to grow overnight. 215 

 216 

2.5. On the day of infection, retrieve overnight bacterial cultures from the incubator.  217 

 218 

2.6. Prepare tubes for subculture by adding 3 mL of fresh LB, containing antibiotics when 219 

appropriate. 220 



 221 

2.7. Transfer 30 µL of the overnight bacterial culture (1 in 100 dilution) to the freshly prepared 222 

media. Place the tubes in a shaking incubator set at 37 °C for 3 h. 223 

 224 

2.8. After the 3 h incubation, transfer 1 mL of sterile LB broth into a plastic cuvette to serve as 225 

the blank. Transfer 900 µL of LB into the other cuvettes to be used for the sample analysis. 226 

 227 

2.9. Transfer 100 µL of bacterial subculture into a cuvette containing 900 µL of LB and pipette up 228 

and down several times to mix. Repeat this for each bacterial suspension. 229 

 230 

2.10. Turn on the spectrophotometer to measure the optical density (OD) of the bacterial 231 

cultures at a wavelength of 600 nm (OD600). 232 

 233 

2.11. Place the blank in the spectrophotometer. Take note of the orientation, as there should be 234 

a mark towards the top indicating such. 235 

 236 

2.12. Close the lid and press the Blank button on the spectrophotometer to get the background 237 

absorbance. 238 

 239 

2.12. Replace the blank cuvette with a sample cuvette in the same orientation and press Read. 240 

 241 

2.13. Record the OD600 values of these samples. Multiply the value by 10 to account for the 242 

dilution factor. 243 

 244 

2.14. Dilute the bacterial subculture with fresh LB to achieve an absorbance value of 245 

approximately 1.0, which roughly corresponds with 1 x 109 cfu/mL. 246 

 247 

2.15. In a new tube, add an appropriate volume of the diluted subculture to fresh LB to achieve 248 

a suspension of 1 x 108 cfu/mL to be used as an inoculum. 249 

 250 

2.16. Prepare serial dilutions of the inoculum by transferring 50 µL of bacterial suspension to a 251 

tube containing 450 µL of sterile PBS (10-fold dilution) until a final dilution of approximately 102 252 

cfu/mL is made. 253 

 254 

2.17. Transfer 100 µL of the two lowest dilutions (102 and 103 corresponding with 10 and 100 255 

colony forming units, respectively) to an LB agar plate and spread the suspension with a cell 256 

spreader to obtain single colonies. Transfer these plates to a 37 °C incubator and incubate 257 

overnight. 258 

 259 

2.18. The following day count the colonies and calculate the bacterial concentration of the initial 260 

inoculum to determine the actual inoculum concentration. 261 

 262 

3. Infection of cells 263 

 264 



NOTE: At this point, the cells should be at about 90% confluency. For HeLa 57A cells in a 48-well 265 

plate, this is approximately 1 x 105 cells per well. Cells will be infected with multiplicity of infection 266 

(MOI) of 10, or 106 cfu/well. 267 

 268 

3.1. Label the lid of the plate according to the infection conditions that will be used for each well, 269 

with each condition being done in triplicate.  270 

 271 

3.2. Add 10 µL of the inoculum to appropriate wells. Add 10 µL of sterile LB to uninfected control 272 

wells. 273 

 274 

3.3. To synchronize the time of infection, place the plate in a tabletop centrifuge and spin at 500 275 

x g for 5 min, ensuring that the plate is counter balanced.  276 

 277 

3.4. Transfer infected cells to a 5% CO2 incubator at 37 °C for 1 h. 278 

 279 

3.5. Place an aliquot of cell culture media in a 37 °C water bath for use in the next step. 280 

 281 

3.6. One hour after time of infection, remove cell culture media from water bath and wipe the 282 

exterior with 70% ethanol. Transfer tissue culture plate to biosafety cabinet. 283 

 284 

3.7. Using sterile technique, aspirate media from wells and replace with 250 µL of fresh, warm 285 

cell culture media. 286 

 287 

3.8. Return plates to the 5% CO2 incubator at 37 °C for additional 4 h. 288 

 289 

3.9. Remove plates from CO2 incubator and aspirate the media from the wells. For luciferase 290 

analysis continue to step 4.1. For RNA isolation proceed to step 5.1. 291 

 292 

4. Luciferase analysis 293 

 294 

4.1. Add 100 µL of 1x cell lysis buffer to the wells. The buffer may need to first be diluted to a 295 

working concentration, depending on the reagent. 296 

 297 

4.2. Transfer the plate to a -80 °C freezer and incubate for at least 30 min to ensure efficient cell 298 

lysis. 299 

 300 

4.3. Place the plate containing frozen cell lysate on a bench to thaw and prepare luciferase 301 

substrate reagents according to manufacturer recommendations.  302 

 303 

4.4. Allow luciferase substrate reagents to equilibrate to room temperature. 304 

 305 

4.5. Turn on the plate reader and open the corresponding reader program. Set the machine to 306 

measure luminescence. 307 

 308 



4.6. Transfer 10 µL of each sample to a well of an opaque 96-well plate.  309 

 310 

4.7. Add 50 µL of the Luciferase Assay Reagent using a multichannel pipette to each well of the 311 

opaque plate. 312 

 313 

4.8. Gently tap the plate on the side to mix wells and ensure that the bottom surface is covered 314 

with liquid. Place the plate in a plate reader and initiate reading. 315 

 316 

4.9. Copy the luminescence values into a spreadsheet program and plot the results. 317 

 318 

5. RNA isolation 319 

 320 

5.1. Add 500 µL of guanidium thiocyanate to each well and pipette up and down several times to 321 

ensure complete lysis. 322 

 323 

5.2. Transfer the contents to a labeled microcentrifuge tube. Maintain samples on ice as much as 324 

possible to maintain RNA quality. 325 

 326 

5.3. Set a tabletop centrifuge to 4 °C and maintain the centrifuge at this temperature for 327 

remainder of protocol. 328 

 329 

5.4. To each sample tube, add 100 µL of chloroform, cap tightly, and shake for 15 s. Incubate at 330 

room temperature for 10 min. 331 

 332 

5.5. Centrifuge at 12,000 x g for 15 min at 4 °C. During this time, prepare for the next step of RNA 333 

purification by labeling new tubes.  334 

 335 

5.6. Transfer the upper aqueous phase to the new tube containing 250 µL of isopropanol, being 336 

careful not to disturb the middle or lower layers. 337 

 338 

5.7. Store unused product in a -80 °C freezer, which can also be used for protein analysis. The 339 

residual aqueous layer may also serve as a backup if RNA is needed later. 340 

 341 

5.8. Vortex the mixture of aqueous layer and isopropanol and allow samples to sit at room 342 

temperature for 10 min. 343 

 344 

5.9. Centrifuge the samples at 12,000 x g for 10 min at 4 °C. 345 

 346 

5.10. Remove tubes from centrifuge. RNA precipitate forms a white pellet on the side and bottom 347 

of the tube. Open the tubes and carefully remove the supernatant by pouring out into a waste 348 

container. 349 

 350 

5.11. Wash the RNA pellet by adding 500 µL of 75% ethanol and vortex. 351 

 352 



5.12. Centrifuge at 8,000 x g for 5 min at 4 °C.  353 

 354 

5.13. Remove the supernatant by pouring out and again wash the pellet with 75% ethanol.  355 

 356 

5.14. Centrifuge at 8,000 x g for 5 min at 4 °C.  357 

 358 

5.15. Using a small volume pipette (e.g., 10-200 μL volume), aspirate as much of the supernatant 359 

as possible, being careful not to push any liquid back into the tube or dislodge the pellet with the 360 

pipette tip. If the pellet becomes dislodged, centrifuge briefly and again try to remove 361 

supernatant. 362 

 363 

5.16.1. Air-dry the RNA pellets. If the pellets are visible for any sample, periodically (every 5 364 

minutes) check on them to see if they change from white to clear, indicating that they are dry. 365 

Once the pellets begin turning clear, add 20 µL of ultrapure, RNase free water to dissolve the 366 

RNA.  367 

 368 

5.16.2. If pellets were not initially visible for any samples, simply add ultrapure water 5 min after 369 

removing supernatant. 370 

 371 

5.17. To increase the solubility, pass the solution a few times through a pipette tip and incubate 372 

for 10 min at 55 – 60 °C. 373 

 374 

6. DNase treatment of RNA 375 

 376 

6.1. To maintain RNA integrity, store RNA samples on ice unless otherwise noted. At this time, 377 

the 10x DNase buffer can be removed from the freezer and allowed to thaw on ice. 378 

 379 

6.2. Prepare the spectrophotometer for sample analysis by cleaning all sample analysis surfaces 380 

with a lint free cloth. 381 

 382 

6.3. Take a background measurement prior to analysis. To do so, load the sensor with 1.5 µL of 383 

the same ultrapure water used to dissolve the RNA pellets. Press the Read Blank button to 384 

generate a background reading. 385 

 386 

6.4. Use the lint free cloth to wipe the instrument’s sample loading surface. Repeat this step after 387 

each sample reading. 388 

 389 

6.5. Load 1.5 µL of resuspended RNA to the sample holder and select Read Sample. Repeat until 390 

all samples have been read. 391 

 392 

6.6. Prepare DNase master mix by combining 2.4 µL of 10x DNase buffer and 1 µL of DNase, per 393 

sample, in a 1.5 mL microcentrifuge tube. Prepare the master mix for two extra volumes. 394 

 395 



6.7. Mix the master mix by flicking the tube several times. Briefly centrifuge the tube to collect 396 

contents at the bottom of the tube. Add 3.4 µL of mastermix to 20 µL of RNA sample. Mix 397 

contents by flicking and centrifuge briefly, as before. 398 

 399 

6.8. Transfer the samples to a heat block set at 37 °C for 20 min. Remove the DNase inactivation 400 

reagent from the freezer and place on ice to thaw.  401 

 402 

6.9. 20 min after placing samples on the heat block, transfer the samples to a tube rack placed 403 

on the work bench.  404 

 405 

6.10. Gently vortex the contents of the DNase inactivation reagent. Transfer 2.6 µL of DNase 406 

inactivation reagent to the tubes containing RNA and then flick the tubes to create a homogenous 407 

mixture. 408 

 409 

6.11. Centrifuge the samples at 12,000 x g for 1 min. 410 

 411 

6.12. Carefully pipette the supernatant to a new, labeled tube. 412 

 413 

7. Reverse transcription of mRNA to cDNA 414 

 415 

7.1. Prepare a master mix depending on the amount of samples plus two extra to account for loss 416 

through pipetting (Table 1). Use 1 µg of RNA and add H2O to a volume of 50 µL total. 417 

 418 

[Place Table 1 here] 419 

 420 

7.2. Cap the samples tightly and label the PCR tubes on the side as labels on the lid may be 421 

removed from the heated lid of the thermocycler later. Mix by vortexing. 422 

 423 

7.3. Briefly centrifuge the PCR tubes to collect samples to the bottom of the tube. 424 

 425 

7.4. Place the PCR tubes in a thermocycler and run the samples under the following settings: 426 

25 °C for 10 min, 48 °C for 30 min, 95 °C for 5 min, and then hold at 10 °C.  427 

 428 

7.5. Transfer tubes containing newly synthesized cDNA to a -20 °C freezer or use immediately in 429 

qPCR analysis. 430 

 431 

8. Preparing and loading plate for RT-qPCR analysis 432 

 433 

8.1. Before starting, plan the setup of the 384-well qPCR plate for sample analysis.  434 

 435 

8.2. Thaw primers and cDNA on ice. 436 

 437 

8.3. Prepare a master mix (see Table 2), plus approximately 10% extra to account for loss through 438 

pipetting. 439 



 440 

[Place Table 2 here] 441 

 442 

8.4. Vortex the master mix and dispense 8 µL into the wells of the 384-well plate using a repeater 443 

pipette. Samples will be analyzed in duplicate for each primer and cDNA sample combination. 444 

 445 

8.5. Using a P10 (or smaller) pipette, transfer 2 µL of cDNA to duplicate wells for each primer set 446 

to be analyzed. Replace tips after each well to avoid cross contamination. 447 

 448 

8.6. Seal the plate by carefully applying the adhesive film to the surface, ensuring that all wells 449 

are covered. Press the film using a sealing paddle or roller to seal firmly. 450 

 451 

8.7. Place the plate in a centrifuge, with an empty plate as a counterbalance. Centrifuge the plate 452 

at 500 x g for 5 min. 453 

 454 

9. Running the thermocycler for qPCR analysis 455 

 456 

9.1. Power on the computer and real-time PCR instrument. 457 

 458 

9.2. Open the RT-qPCR software and Select New Experiment.  459 

 460 

9.4. Under the Setup tab, select Experiment Properties, where the parameters for the run can 461 

be set. 462 

 463 

9.5. Define the Experiment Name, which will set the file name and settings used to store results. 464 

 465 

9.6. For the Instrument Selection, select the currently connected instrument that will be running 466 

the analysis. Select Comparative CT (∆∆Ct) run method. 467 

 468 

9.8. Select SYBR Green Reagents as the fluorescent DNA dye to be used and Standard as the 469 

ramp speed. 470 

 471 

9.10. Ensure that the box next to Include Melt Curve is checked. 472 

 473 

9.7. Under the Define tab, assign targets (i.e., genes to be amplified), and samples (i.e., 474 

experimental conditions). 475 

 476 

9.8. Select the Assign tab. Label the wells with the appropriate targets and samples, as they 477 

correspond to the loading scheme of the 384-well plate. 478 

 479 

9.9. Select Run Method. Use the parameters for analysis listed in (Table 3). 480 

 481 

[Place Table 3 here]  482 

 483 



9.10. Place the 384-well plate in the thermocycler and start the analysis. 484 

 485 

10. Analysis of qPCR results with the delta-delta Ct method (2-ΔΔCt) 486 

 487 

10.1. Analyze results generated from the qPCR reaction for errors that may interfere with 488 

downstream analysis. Many errors will be flagged automatically by the system. 489 

 490 

10.2. For properly constructed primers, the melt curves should only have one peak. Exclude any 491 

wells containing a melt curve with more than one peak from further analysis. 492 

 493 

10.3. Export the Ct values to a spreadsheet program to analyze the data using the ΔΔCt method. 494 

A suggested format is provided (Table 4). The last column is the fold expression change of the 495 

sample, relative to the control samples. 496 

 497 

REPRESENTATIVE RESULTS: 498 

The assay described here focuses on activation of the transcription factor NF-κB using a NF-κB-499 

dependent luciferase reporter that is stably transfected into a line of HeLa cells. Activated NF-κB 500 

translocates to the nucleus where it binds κB binding sites of target genes, including the pro-501 

inflammatory cytokines IL6 and IL23. A general overview of NF-κB activation is depicted in Figure 502 

1. The gram-negative bacterium Salmonella enterica serovar Typhimurium was used in this study 503 

as an activator of NF-κB and subsequent expression of IL6 (Figure 2). One of the main virulence 504 

factors required for pathogenesis is the Type III Secretion System-1 (T3SS-1) that allows S. 505 

Typhimurium to infect cells and to induce NF-κB activation. The function of the T3SS-1 is to deliver 506 

bacterial proteins, termed effectors, into host cells. Here effector proteins target numerous 507 

cellular signaling pathways to mediate invasion of host epithelial cells. The NF-κB activation 508 

induced by S. Typhimurium is mostly dependent on the T3SS-1 effector proteins SopE, SipA, SopB 509 

and SopE218. Here, HeLa 57A cells were infected with the wild type S. Typhimurium strain SL1344 510 

and two mutant strains lacking either three (SipA, SopB, SopE2) or four (SipA, SopB, SopE2, SopE) 511 

effector proteins. Figure 2 is a representative experiment of NF-κB-dependent luciferase 512 

activation (Figure 2A) and IL6 gene expression (Figure 2B) in HeLa 57A cells infected with the S. 513 

Typhimurium strains. Infection with the wild type SL1344 strain induces a strong luciferase signal 514 

which is decreased in cells infected with the SipA, SopB, SopE2 triple mutant (SopE-dependent 515 

response), and reduced to control levels with the SipA, SopB, SopE2, SopE quadruple mutant. The 516 

relative luminescence units (RLU) correlates with the IL6 expression levels (Figure 2). Figure 3 517 

represents the results generated from RT-qPCR analysis. 518 

 519 

FIGURE AND TABLE LEGENDS: 520 

Figure 1: Schematic of NF-κB activation and downstream readouts. Outlined above, NF-κB is 521 

retained in the cytosol in an inactive state by the inhibitory protein IκBα. Both internal and 522 

external stimuli can contribute to activation of IKK, which phosphorylates IκBα and causes its 523 

subsequent proteosomal degradation. Degradation of IκBα reveals the nuclear localization signal 524 

of NF-κB, which promotes translocation. In the nucleus, activated NF-κB binds to κB binding sites 525 

of target genes, promoting their transcription and expression. Target genes, such as the cytokines 526 



IL6 and IL23, are expressed and quantified via RT-qPCR. In HeLa 57A cells luciferase is expressed 527 

following NF-κB activation, which can be quantified via luminescence assays. 528 

 529 

Figure 2: Representative data of luminescence assay and RT-qPCR analysis following S. 530 

Typhimurium infection of HeLa 57A cells. 1 x 105 HeLa 57A cells were infected with 106 cfu (MOI 531 

= 10) of log phase S. Typhimurium wild type SL1344, or the mutant strains lacking SipA, SopB and 532 

SopE2, and SipA, SopB, SopE2 and SopE. After 1 h, media was replaced, and incubation continued 533 

for an additional four hours. A) Cells were processed for expression of luciferase via luminescence 534 

assays. B) Cells were extracted of RNA, which was used for RT-qPCR analysis. Relative expression 535 

of target genes using the delta-delta Ct method (2-ΔΔCt) is shown. Mean and standard deviation 536 

of triplicate wells are shown. 537 

 538 

Figure 3: Summary results generated from RT-qPCR analysis. A) An amplification plot is shown 539 

for the wells amplifying GAPDH from HeLa 57A cells infected with S. Typhimurium. B) Melt curve 540 

plot of wells containing GAPDH primers shows a single melt peak corresponding to approximately 541 

84 ℃. C) Duplicate wells containing primers for IL-6. One of the wells displays a second melt peak, 542 

as denoted by a black arrow, and should be excluded from analysis. 543 

 544 

Table 1: Components and recipe for reverse transcription master mix 545 

 546 

Table 2: Components and recipe for qPCR master mix 547 

 548 

Table 3: Cycle parameters for thermocycler 549 

 550 

Table 4: Format for analyzing qPCR data 551 

 552 

DISCUSSION: 553 

The major contribution of the protocol described is that it provides a fast and easy method to 554 

detect NF-κB activation in cells, which allows for high throughput analysis of multiple stimulatory 555 

conditions or drugs affecting NF-κB activation. Here, we describe a protocol for NF-κB activation 556 

in Salmonella-infected HeLa cells. These cells can be used for infection with other pathogens as 557 

well to study the impact of bacterial infection on NF-κB activation. In addition, NF-κB-dependent 558 

luciferase activation in HeLa 57A cells can be used to screen for activators or inhibitors of 559 

signaling pathways leading to NF-κB activation. Here, we seed HeLa 57A cells in 48-well plates, 560 

but these experiments can be scaled up to 96- and even 384-well plates to allow for more samples 561 

per experiment. HeLa 57A cells constitutively express LacZ, which can be measured as an internal 562 

control for cell number and viability using β-gal assays. The protocol described here is applicable 563 

for use in cell lines either stably or transiently transfected with an NF-κB::luciferase reporter 564 

construct. The RAW264.7 macrophage cell line has already been used for such a purpose18. 565 

Importantly, this method does not distinguish between activation of the different 566 

homo/heterodimers of the five distinct NF-κB subunits. The different NF-κB homo- heterodimer 567 

complexes have different affinities for promoter sequences, as well as differing transcriptional 568 

consequences21. It is possible that activation of a specific NF-κB dimer is missed using the reporter 569 



described here due to low affinity binding to the κB binding sites from the immunoglobulin κ-570 

chain promoter region.  571 

 572 

It is important to note that the conditions suitable for stimulating one cell line may not be directly 573 

applicable to another. Therefore, it is highly recommended that the assay conditions be 574 

optimized in each assay system. Time of infection, MOI, duration of drug treatment, drug dose, 575 

and seeding conditions are all important considerations to take into account when assessing NF-576 

κB activation. For example, RAW264.7 macrophages are more sensitive to Salmonella infection 577 

requiring different conditions to produce a similar luminescence signal as seen with HeLa 57A 578 

cells18. 579 

 580 

During luminescence measurements, it is not uncommon for edge wells to have considerably 581 

different values than the other wells that were similarly stimulated. This is typically due to higher 582 

evaporation rates of the edge wells on the plate leading to increased drug concentration. This 583 

may be addressed by adding serum free media to the space between the wells, for plates that 584 

allow it, altering lid/plate combinations to reduce evaporation, or omit edge wells completely if 585 

issues persist.  586 

 587 

Expressed in mammalian cells, firefly luciferase has a half-life of several hours and is generally 588 

regarded as stable for the purposes of most reporter assays22. Longer treatment durations than 589 

those described here may be reliably carried out. However, the luciferase assay system used here 590 

produces a stable signal only for the first minute and quickly deteriorates after that. Therefore, 591 

it is highly important that the luminescence measure be made quickly after mixing cell lysate and 592 

substrate.  593 

 594 

NF-κB is a transcription factor for a large array of genes including cytokines and chemokines (i.e., 595 

Il6 and Il23). Measuring NF-κB-dependent luciferase activity does not necessarily mean these 596 

cytokines and chemokines are expressed. This method can complement existing molecular 597 

quantification techniques by serving as a potential first screen for the characterization of 598 

conditions affecting NF-κB activity, which can then be functionally validated through RT-qPCR. 599 

Functional validation of NF-κB activation can also be performed via western blot analysis or 600 

functional assays specific to a protein of interest in cases where mRNA quantification may not be 601 

appropriate. This is the case for interleukin-beta (Il1b), a gene whose transcription is induced by 602 

NF-κB binding, but the protein product requires post translational modification to form the 603 

mature product23,24. 604 

 605 

The specific RNA isolation protocol described here is not the only one that may be employed for 606 

use in the RT-qPCR analysis, and other preferred methods, such as commercially available kits, 607 

can instead be used. It is important to note that the quality of the RNA is very important to the 608 

process and so RNA should be kept on ice as much as possible to prevent degradation. It is 609 

important to run duplicate reactions in the RT-qPCR reactions to ascertain that the PCR reactions 610 

are consistent, as the pipetting of such small volumes when loading the 384-well plate can often 611 

be cause for error. Ct values of the housekeeping gene should be consistent between samples, 612 

and deviations from this may be indicative of inefficient cleaning steps or discrepancies in RNA 613 



concentrations during reverse transcription that may affect the final results. It is also important 614 

to check the melt curve after each qPCR experiment. The presence of one peak suggests that the 615 

qPCR primers are amplifying a single gene. Multiple curves suggest that there is off-target gene 616 

amplification or presence of primer dimers. In either case, multiple peaks present in the melt 617 

curve suggests that the primers should be redesigned to ensure specificity. With so much room 618 

for variability, exercise and refinement of good technique at every step are essential for 619 

generating accurate and reproducible results. 620 
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Reagent Volume (μL)

MgCl2 (25mM) 3.5

Reverse transcription buffer (10x) 5

dNTP mix (10 μM, each) 2.5

random hexamer (100 μM) 1.25

Multiscribe reverse transcriptase (50

units/μL)
1

RNase inhibitor (20 units/μL) 1.25

RNA (1μg)

H2O top up to 50
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Final Concentration

1.75mM

1x

500 nm

2.5 μM

1 unit/μL

1.25 units/μL

20ng/uL



Reagent Volume (µL)

10 µM F primer 1

10 µM R primer 1

Ultrapure H2O 4

2X SYBR green 10
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Step 1 Step 2 Step 1 Step 2 Step 1 Step 2 Step 3

Temp 50℃ 95℃ 95℃ 60℃ 95℃ 60℃ 95℃

Time 2:00 10:00 0:15 1:00 0:15 1:00 0:15

Data Collection yes yes

Number of cycles

Hold Stage PCR Stage Melt Curve Stage

1x 40x 1x
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Ct1 Ct2 Ave Ct Ct1 Ct2 Ave Ct ΔCt

Control 1 15.33 15.37 15.35 26.81 26.91 26.86 11.51

Control 2 16.83 16.77 16.80 26.89 26.92 26.91 10.11

Control 3 17.56 17.53 17.54 27.38 27.56 27.47 9.93

Sl1344 1 15.50 15.41 15.45 22.15 22.13 22.14 6.69

SL1344 2 16.02 15.98 16.00 23.01 22.96 22.98 6.98

SL1344 3 17.27 17.30 17.28 23.99 23.98 23.98 6.70

sipA sopB sopE2  1 15.38 15.41 15.39 23.31 23.09 23.20 7.80

sipA sopB sopE2  2 16.01 16.05 16.03 23.89 23.92 23.91 7.88

sipA sopB sopE2  3 16.78 16.78 16.78 24.02 24.06 24.04 7.27

sipA sopB sopE2 sopE  1 15.52 15.60 15.56 27.04 27.03 27.03 11.47

sipA sopB sopE2 sopE  2 15.56 15.59 15.57 26.37 26.42 26.39 10.82

sipA sopB sopE2 sopE  3 15.91 15.92 15.91 26.24 26.12 26.18 10.27

Housekeeping gene (GAPDH ) Gene of interest (IL6 )
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Ave ΔCt ctrls ΔΔCt 2^-(ΔΔCt) Geomean

10.51 1.00 0.50 1.00

10.51 -0.41 1.33

10.51 -0.59 1.50

10.51 -3.83 14.21 13.23

10.51 -3.53 11.57

10.51 -3.82 14.09

10.51 -2.71 6.56 7.29

10.51 -2.64 6.23

10.51 -3.25 9.49

10.51 0.96 0.51 0.79

10.51 0.31 0.81

10.51 -0.25 1.19



Name of Material/ Equipment Company Catalog Number Comments/Description

Adhesive film VWR International 60941-070

chloroform Fisher Bioreagents C298-500

DMEM Thermo Fisher 11665092

DNAse treatment kit Qiagen 79254

dNTPs Promega U1511

ethanol Fisher Bioreagents BP2818100 molecular grade

FBS Sigma-Aldrich F0926

HeLa 57A cells Ref # 15

High-Capacity cDNA Reverse 

Transcription Kit

Applied Biosystems 4368814

isopropanol Fisher Bioreagents BP26181

Kanamycin Fisher Bioreagents BP906-5

LB agar Fisher Bioreagents BP1425-500

Lysogeny broth Fisher Bioreagents BP1426-500

MgCl2 Fisher Chemical

NanoDrop ND-1000 Thermo Scientific spectrophotometer

promega luciferase assay system Promega E1501 Cell lysis buffer & luciferin substrate

Random Hexamers Thermo Scientific SO142

Real-time GAPDH forward primer 5'-CCAGGAAATGAGCTTGACAAAGT-3'

Real-time GAPDH reverse primer 5-'CCCACTCCTCCACCTTTGAC-3'

Real-time IL-23 forward primer 5-'GAGCCTTCTCTGCTCCCTGAT-3'

Real-time IL-23 reverse primer 5'-AGTTGGCTGAGGCCCAGTAG-3'

Real-time IL-6 forward primer 5'-GTAGCCGCCCCACACAGA-3'

Real-time IL-6 reverse primer 5'-CATGTCTCCTTTCTCAGGGCTG-3'

Reverse Transcriptase Applied Biosystems 4308228

RNAse inhibitor Thermo Scientific EO0381

RT buffer Promega A3561

SL1344 Ref # 17

SL1344 Δ sipA sopB ::MudJ 

sopE2 ::pSB1039

Ref # 18

SL1344 Δ sopE Δ sipA sopB ::MudJ 

sopE2 ::pSB1039

Ref # 18
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SYBR green Applied Biosystems 4309155 2x mastermix

Tri-reagent Molecular Research 

Center

TR 118 guanidine thiocyanate

Trypsin -EDTA Thermo Fisher 25300054 0.05% Trypsin-EDTA

ultrapure water Fisher Bioreagents BP248450

Well plate for PCR VWR International 89218-294 384-well plate
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Response to Reviewers 

Editorial comments: 

Changes to be made by the Author(s): 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 

no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any 

errors in the submitted revision may be present in the published version. 

We have proofread the manuscript. 

2. Please define all abbreviations during the first-time use. 

All abbreviations have been defined. 

3. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its 

applications in complete sentences between 10-50 words: “Here, we present a protocol to …” 

We have made the required changes to the Short Abstract/Summary. 

4. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: 

none, Line spacings: single. Please include a single line space between each step, substep and 

note in the protocol section. Please use Calibri 12 points 

We have made these changes as required. 

5. JoVE cannot publish manuscripts containing commercial language. This includes trademark 

symbols (™), registered symbols (®), and company names before an instrument or reagent. 

Please remove all commercial language from your manuscript and use generic terms instead. 

All commercial products should be sufficiently referenced in the Table of Materials and 

Reagents. 

For example: Tri reagent, QuantStudio7 Flex qPCR machine, Excel, etc. 

These changes have been made to the manuscript. 

6. Please reword lines 46-48, 62-65, 66-69, 239-240, 255, 268-269, 314 to avoid matches to 

previously published literatures. 

We have reworded the indicated lines. 

7. Please ensure that all text in the protocol section is written in the imperative tense as if 

telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions 

should be described in the imperative tense in complete sentences wherever possible. Avoid 

usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any 

text that cannot be written in the imperative tense may be added as a “Note.” However, notes 

should be concise and used sparingly. Please include all safety procedures and use of hoods, 

etc. 

We have made the required changes. 

8. The Protocol should contain only action items that direct the reader to do something. 

Changes have been made accordingly. 

9. Please ensure you answer the “how” question, i.e., how is the step performed? 

Changes have been made accordingly. 

10. Software steps must be more explicitly explained ('click', 'select', etc.). 

Changes have been made accordingly. 

11. Please ensure that individual steps of the protocol should only contain 2-3 actions per step. 
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Changes have been made accordingly. 

12. Please revise the protocol text to avoid the use of any personal pronouns in the protocol 

(e.g., "we", "you", "our" etc.). 

We have made the required changes. 

13. 9.6: Please convert to a complete sentence. 

Step 9.6 has been converted to a complete sentence. 

14. For all the PCR reactions, please include primer sequences, reaction set up and thermal 

cycler program. 

The required changes have been made accordingly. 

15. Line 409: What are references 17,18 linked to? Please ensure references are numbered in 

order. 

References are numbered in order. 
16. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. 
Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that 
identifies the essential steps of the protocol for the video, i.e., the steps that should be 
visualized to tell the most cohesive story of the Protocol. 
A section in the Protocol has been highlighted for the video. 
17. Please obtain explicit copyright permission to reuse any figures from a previous publication. 
Explicit permission can be expressed in the form of a letter from the editor or a link to the 
editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to 
your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, 
i.e. “This figure has been modified from [citation].” 
The figures used in this manuscript are originals and do not require permission for publication. 
18. As we are a methods journal, please ensure the Discussion explicitly cover the following in 
detail in 3-6 paragraphs with citations: 
a) Critical steps within the protocol 
b) Any modifications and troubleshooting of the technique 
c) Any limitations of the technique 
d) The significance with respect to existing methods 
e) Any future applications of the technique 
We believe the discussion addresses the above mentioned criteria. 
19. Please do not abbreviate the journal titles in the references section. 
We have made these changes to the references section. 
20. Please sort the materials table in the alphabetical order. 
The Materials Table has been ordered alphabetically. 
 
 
Reviewers' comments: 
Reviewer #1: 
Manuscript Summary: 
In this manuscript, the authors describe a protocol in which cell lines expressing NF-
κB::luciferase reporter construct can be assayed for NF-κB activation via measurements of 
luminescence and the NF-κB target gene expression via RT-qPCR of RNA isolated from cells 



infected with Salmonella Typhimurium. These methods are simple and fast way. It is suggested 
to be published in Journal of Visualized Experiments. 
We thank reviewer #1 for critically reviewing our manuscript. 
 
Reviewer #2: 
Manuscript Summary: 
In their manuscript `NF-κB-dependent luciferase activation and quantification of gene 
expression in 
Salmonella infected tissue culture cells` the authors describe a NF-kappaB gene reporter assay 
to monitor NF-kappaB acitvity in stable reporter cells. As an additional assay, they describe a 
standard qPCR assay assessing changes in expression of NF-kappaB target genes. Overall, the 
manuscript has a clear narrative flow and is well written. 
 
Major Concerns: 
- Although the authors use Salmonella infection as an example of NF-kappaB activation, the 
MyD88 independent signalling axis of TLR4 is negleted in the introduction. This should be 
addressed (including the downstream cross-coupling with the MyD88 dependent signalling 
pathway). 
- The study of the TLR4 signalling pathways requires the use of endotoxin free regents. This 

needs to be mentioned. 

Thank you for this comment. As indicated by the reviewer, we use Salmonella infection as an 

example of NF-κB activation. The scope of our manuscript is not about the different signaling 

pathways that lead to NF-κB activation. In the introduction we briefly mention how innate 

immune receptors recognize so-called PAMPs (Pathogen associated molecular patterns), 

including LPS which is recognized by TLR4. We mention LPS in the introduction because it is one 

of best known PAMPs, but it is not the scope of this manuscript. We therefore believe that 

specifically mentioning the TLR4/LPS signaling pathway will not strengthen the manuscript 

significantly. In addition, HeLa 57A cells do not express TLR4 and the NF-κB activation induced 

by S. Typhimurium in HeLa 57A cells is therefore not mediated by LPS, or endotoxin 

contamination. The HeLa 57A cell line can be transfected with the components of the TLR4 

pathway (ie. TLR4, MD2, CD14) and NF-κB will be activated when transfected cells are 

stimulated with LPS (Keestra A.M. and van Putten J.P., Journal of Immunology, 2008). 

- Why do the authors limit the assay to commercial kits (Promega)? Luciferase assays are 

standard and can be easilly perfomed without a kit-based shortcut. I suggest including a 

detection method which does not rely on (relatively) expensive ( and not really necessary) kit. 

We thank the reviewer for this comment/suggestion. We are not aware of a luciferase 

detection method which does not rely on an expensive kit. We would be more than happy to 

learn more about cheaper alternatives from this reviewer. 

- Do the cells also react to more standard stimulation, e.g. TNF-alpha? If so, the authors could 

easily broaden the scope of the paper potentially increasing the readership and the impact of 

the paper. 



Indeed, the original paper (Rodriguez et al., 1999) describing the HeLa 57A line demonstrates 

that the NF-κB activation is detectable by stimulation with both TNFα and Il-1β. Thus, several 

stimuli capable of activating NF-κB are suitable to be studied with the HeLa 57A line. Any other 

cell line stably or transiently transfected with an NF-kB::luciferase reporter is suitable for this 

protocol as well. This is included in the manuscript. 

 

Reviewer #3: 

Manuscript Summary: 

The authors present a useful manuscript that describes an easy to follow protocol to test NF-KB 

activation using luminescence as a readout, with potential for high throughput screens. The 

addition of the qRT-PCR for downstream NF-KB target genes provides further validation for NF-

KB activity. Overall, the manuscript is well written. I have only 1 minor concern. 

 

Minor Concerns: 

The authors compare luminescence readings to an unstimulated standard to account for 

baseline NF-KB activity. Do the authors control for variation in cell numbers or cell viability? Is 

there a control reporter that is also stably transfected in the genome that can be used for 

normalisation of the NF-KB dependent activity? If so, can this be included in the text along with 

a mock table to help readers analyse the data obtained? For example, in dual luciferase assays, 

two different vectors are cotransfected in cells, whereby one carries the experimental reporter 

(e.g. NF-kB-dependent promoter upstream of firefly luciferase) and the other carries the 

control reporter (e.g. constitutive promoter upstream of renilla luciferase). The control reporter 

allows for normalisation of the experimental reporter, thereby accounting for differences in 

experimental conditions. 

We thank this reviewer for critically reading our manuscript. Reviewer #3 raises a valid point 

that the protocol does not describe a way of standardizing for number of cells or cell viability. 

The HeLa 57A cells described by Rodriguez et al. and used in this protocol constitutively express 

LacZ, encoding -galactosidase. Therefore, a -galactosidase assay can be used to determine 

LacZ expression, which correlates with cell number. This has been added to the introduction of 

the manuscript. 

 

Reviewer #4: 

In this study, the authors establish the protocols to use luciferase and qRT-PCR assays to 

measure NF-kB dependent activation. NF-kB activation regulates many biological pathways, 

which play critical roles in health and diseases. Authors explains the advantages of these 

methodologies over others. In this study, authors provide each step of the protocols with 

enough details and accuracy, allowing other researchers easily adapt this protocol. I 

recommend this manuscript suitable for the publication without further edits. 

Thank you for reviewing our manuscript. 

 

 



Reviewer #5: 

Manuscript Summary: 

Very well compiled and comprehensive guide to performing this assay 

Major Concerns: 

none 

Minor Concerns: 

none 

Thank you for reviewing our manuscript. 

 

Reviewer #6: 

Manuscript Summary: 

The manuscript by Mendez et al. describes a method for detecting activation of the 

transcription factor, NF-kB, in a reporter cell line, HeLa 57A, which has been infected with 

Salmonella. In addition, the authors have included methods for RNA isolation and quantification 

of NF-kB-related gene expression in these cells using RT-qPCR. Overall, this paper describes the 

protocol for these techniques very well, with sufficient introduction and discussion of the 

methods. However, I do have some minor suggestions for improving the accessibility and 

readability of the protocol. 

 

Minor Concerns: 

1. I can see why the qPCR techniques are included with this protocol, however the link between 

the NF-kB reporter assay and qPCR is unclear throughout the manuscript. This is particularly 

evident in the introduction. My suggestion is to mention that RT-qPCR can also provide an 

indication of NF-kB activation by quantifying increases in NF-kB-dependent gene expression. 

Reviewer #6 points out that the link between NF-κB and qPCR readout of downstream targets is 

understated. We have added additional background information to the introduction to 

emphasize this relationship.  

2. The HeLa 57A cell line is a very useful tool for this protocol, however I am concerned about 

the accessibility of the line. The authors do comment in the discussion that this protocol can be 

used on other cell lines, however it would be beneficial to mention this upfront. 

We have elaborated more on the use of this protocol on cell lines other than HeLa 57A cells in 

the introduction. As demonstrated by Mendez et al., 2019, a line of RAW264.7 cells stably 

expressing NF-κB::luciferase was used in accordance with this protocol to determine NF-κB 

activation in a macrophage cell line. In addition, this protocol is suitable for any readily 

transfectable cell line for use with an NF-κB::luciferase reporter.  

3. Could the authors expand on the timepoint of infection chosen? Is this to avoid cell death 

that may occur during prolonged infection? Furthermore, there doesn't seem to be any control 

for cell number in this protocol. The authors may like to mention the dual luciferase assay 

system from Promega for this purpose. 

The MOI and timepoints chosen were decided on after extensive work in the lab to determine 

infection conditions that maximize NF-κB response and minimize cell death with HeLa 57A.  



HeLa 57A cells are also stably transfected with a plasmid containing LacZ under expression of an 

RSV promoter to constitutively express β-galactosidase. A β-gal assay can be used as an internal 

control to determine cell number. This has now been included in the introduction and 

discussion of the manuscript. 

4. It may be useful to reference a review about how pathogens inhibit NF-kB (line 55), as there 

are many more studies than the few listed (For example the review from Pinaud et al., Tends in 

Microbiology, 2018). 

The ability of several pathogens to modulate NF-κB activation state has been expanded upon in 

the introduction and discussion. This will serve to expand readership and application of this 

protocol to more diverse audiences. 

5. Line 113 and 354 'stably integrated into the genome' suggests the cells are virally transduced, 

while a more appropriate term may be 'stably transfected'. 

We appreciate the suggestion; the changes have been made to the manuscript. 

6. It would be useful to add in a step in the protocol that explicitly states that the bacteria need 

to be streaked onto a LB plate, 2 days before infection. 

The suggested change has been amended to the protocol. 

7. The authors include instructions about making the luciferase assay substrate from the 

Promega kit, but have not instructed readers that the lysis buffer must be diluted to 1x before 

use. 

The suggested change has been amended to the protocol. 

8. How does figure 3A relate to 10.1? Is this showing errors? 

Figure 3A demonstrates representative Ct values of GAPDH one should expect from the 

experiment, ranging from cycle 16 to 20. Mention of Figure 3A has been moved to the 

“representative results” section. 

9. Please explain what it means to have only one peak and why it is preferred (10.2). 

A melt curve containing one peak suggests that the qPCR is amplifying a single gene, or product. 

Multiple curves suggest that there is off-target gene amplification or presence of primer 

dimers. In either case, multiple peaks present in the melt curve suggests that the primers 

should be redesigned to ensure specificity. A brief statement elaborating the importance of 

single peaks has been added to the discussion. 

10. Table 4 (format for analysing qPCR data) is missing, and on line 408, the 'Table of Materials' 

is listed as Table 4 instead. 

Thank you for this comment. This is an error on our side. We forgot to attach Table 4. Table of 

Materials is now Table 5. 


