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Please do not hesitate to contact us if further changes are needed. 
 
Sincerely, 
 
 
 
 
 
Kwan T Chow 
Assistant Professor 
 
 

www.cityu.edu.hk 
 
A Tat Chee Avenue, Kowloon, Hong Kong 
 
T (852) 3442 5657 F (852) 3442 0549 
 
E bms.go@cityu.edu.hk 
 
 
Department of Biomedical Sciences 

Cover Letter



TITLE:  1 
Native Polyacrylamide Gel Electrophoresis Immunoblot Analysis of Endogenous IRF5 2 
Dimerization 3 
 4 
AUTHORS AND AFFILIATIONS:  5 
Meijun Wang1, Lim King Hoo1, Kwan Ting Chow1 6 
 7 
1Department of Biomedical Sciences, City University of Hong Kong, Kowloon, Hong Kong Special 8 
Administrative Region 9 
 10 
Corresponding Author:  11 
Kwan Ting Chow  (kwan.chow@cityu.edu.hk) 12 
 13 
Email Addresses of Co-authors: 14 
Meijun Wang   (meijwang@cityu.edu.hk) 15 
Lim King Hoo   (kinglim4@cityu.edu.hk) 16 
 17 
KEYWORDS: 18 
native PAGE, gel electrophoresis, IRF5, plasmacytoid dendritic cells, dimerization, interferon 19 
regulatory factors 20 
 21 
SUMMARY: 22 
A native Western blot method for analyzing endogenous interferon regulatory factor 5 23 
dimerization in the CAL-1 plasmacytoid dendritic cell line is described. This protocol can be 24 
applied to other cell lines as well. 25 
 26 
ABSTRACT: 27 
Interferon regulatory factor 5 (IRF5) is a key transcription factor for regulating the immune 28 
response. It is activated downstream of the Toll-like receptor myeloid differentiation primary 29 
response gene 88 (TLR-MyD88) signaling pathway. IRF5 activation involves phosphorylation, 30 
dimerization, and subsequent translocation from the cytoplasm into the nucleus, which in turn 31 
induces the gene expression of various pro-inflammatory cytokines. A detection assay for IRF5 32 
activation is essential to studying IRF5 functions and its relevant pathways. This article describes 33 
a robust assay to detect endogenous IRF5 activation in the CAL-1 human plasmacytoid dendritic 34 
cell (pDC) line. The protocol consists of a modified nondenaturing electrophoresis assay that can 35 
distinguish IRF5 in its monomer and dimer forms, thus providing an affordable and sensitive 36 
approach to analyze IRF5 activation. 37 
 38 
INTRODUCTION: 39 
Interferon regulatory factor 5 (IRF5) is an important transcription regulator that plays a 40 
prominent role in regulating the immune response, particularly in the release of pro-41 
inflammatory cytokines and type I interferons (IFNs)1-3. Misregulation of IRF5 is a contributing 42 
factor in numerous autoimmune diseases, as evident by various polymorphisms in the IRF5 locus 43 
that are associated with systemic lupus erythematosus, multiple sclerosis, rheumatoid arthritis, 44 
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etc.4-10. Therefore, a robust detection assay for endogenous IRF5 activation state is crucial for 45 
understanding the regulatory pathways and downstream effects of IRF5 in a physiologically 46 
relevant cellular context.  47 
 48 
IRF5 is constitutively expressed in monocytes, dendritic cells (DCs), B cells, and macrophages1,11. 49 
As with other IRF family transcription factors, IRF5 resides in the cytoplasm in its latent state. 50 
Upon activation, IRF5 is phosphorylated and forms homodimers, which then translocate into the 51 
nucleus and bind to specific regulatory elements of genes encoding type I IFNs and pro-52 
inflammatory cytokines, eventually inducing the expression of these genes1,2,11-13. IRF5 regulates 53 
the innate immune responses downstream of various Toll-like receptors (TLRs), such as TLR7, TLR 54 
8, and TLR 9, which are localized in endosomes and use MyD88 for signaling1,11,14. These TLRs 55 
primarily recognize foreign nucleic acid species such as single-stranded RNA (ssRNA) and 56 
unmethylated CpG DNA that are symptomatic of an infection15-18. IRF5 has been shown to 57 
regulate immune responses against bacterial, viral, and fungal infections19-21. Considering IRF5’s 58 
influential and diverse role in the immune system, enhancing or dampening IRF5 activity could 59 
serve as a novel avenue for the development of therapeutic agents22. Hence, it is critical to 60 
develop a protocol to monitor the activation status of endogenous IRF5 to allow thorough 61 
investigation of the pathways and mechanisms regulating IRF5 activity in different cell types.  62 
 63 
To the best of our knowledge, no biochemical or gel electrophoretic assay for endogenous IRF5 64 
activation has been published prior to the development of this protocol. Phosphorylation has 65 
been shown to be an important first step of IRF5 activation, and a phosphospecific IRF5 antibody 66 
was developed that led to the discovery and confirmation of a serine residue important for IRF5 67 
activity13. However, while the antibody clearly detects phosphorylated IRF5 when 68 
immunoprecipitated or overexpressed23, it fails to detect IRF5 phosphorylation in a whole cell 69 
lysate in our hands (data not shown). Dimerization is the next step of IRF5 activation, and many 70 
important studies to date investigating this step relied on overexpression of epitope-tagged IRF5, 71 
often in irrelevant cell types that do not normally express IRF511,12,24,25. Previous studies have 72 
shown that dimerized IRF5 may not always translocate into the nucleus and hence is not 73 
necessarily fully activated25,26. An assay for endogenous IRF5 nuclear localization was developed 74 
to assess IRF5 activation by imaging flow cytometry27. This assay has been applied in studies that 75 
were crucial to understanding IRF5 activity, especially in primary or rare cell types28,29 and greatly 76 
advanced the knowledge in the field. However, this assay relies on a specialized instrument that 77 
is not widely available to researchers. Further, it is often necessary to investigate the initial steps 78 
of activation while dissecting IRF5 regulatory pathways and identifying upstream regulators and 79 
pathway components. This study provides a robust and reliable biochemical assay for the early 80 
activation events of IRF5 that can be performed in labs equipped with molecular biology tools. 81 
The protocol described here will be very useful in investigating the pathways and mechanisms of 82 
IRF5 actions, especially when combined with orthogonal assays such as the imaging flow 83 
cytometric analysis of IRF5 nuclear localization23,27,28,30. 84 
 85 
Native polyacrylamide gel electrophoresis (native PAGE) is a widely used method to analyze 86 
protein complexes31,32. Unlike sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-87 
PAGE), native PAGE separates proteins on the basis of their shape, size, and charge. It also retains 88 



 

 
 

native protein structure without denaturation31,33-35. The protocol presented takes advantage of 89 
these features of native PAGE and detects both monomeric and dimeric forms of IRF5. This 90 
method is particularly important for detecting early activation events because there is no suitable 91 
commercially available antibody that can detect endogenous phosphorylated IRF5. Previously, 92 
several published studies used native PAGE to assess IRF5 dimerization. However, the majority 93 
of these studies depended on the overexpression of exogenous epitope-tagged IRF5 to analyze 94 
activation status2,13,24,36,37. This work presents a step-by-step protocol for analyzing endogenous 95 
IRF5 dimerization via a modified native PAGE technique in a human plasmacytoid dendritic cell 96 
(pDC) line, where IRF5 activity has been shown to be crucial for its function1,38-40. This same 97 
technique has been applied to other cell lines23. 98 
 99 
PROTOCOL:  100 
 101 
NOTE: The protocol described here uses CAL-1 pDC cell line treated with resiquimod (R848), an 102 
agonist for TLR7/8. This protocol has been applied to other human and murine cell types, 103 
including RAW 264.7 (murine macrophage line), THP-1 (human monocytic cell line), BJAB (human 104 
B cell line), Ramos (human B cell line), and MUTZ-3 (human dendritic cell line)23. 105 
 106 
1. Stimulation of CAL-1 cells 107 
 108 
1.1. Maintain CAL-1 cell cultures in a T75 flask at 37 °C and 5% CO2 under sterile conditions with 109 
20−25 mL of RPMI 1640 medium containing 5% fetal bovine serum (FBS), 25 mM HEPES, and 1x 110 
mercaptoethanol (i.e., complete RPMI 1640 medium). 111 
 112 
1.2. Transfer the cells into a 50 mL conical tube. 113 
 114 
NOTE: CAL-1 cells are non-adherent. For adherent cell types, standard trypsinization can be 115 
performed to harvest cells. 116 
 117 
1.3. Centrifuge the cells at 200 x g for 5 min at room temperature (RT). Remove supernatant and 118 
resuspend the cell pellet in 8 mL of the complete RPMI 1640 medium to obtain a homogeneous 119 
single cell suspension. 120 
 121 
1.4. Count the cells using a hemocytometer. Seed the cells at a density of 1 x 106 cells per well in 122 
a 6 well plate with 4 mL of preheated complete RPMI 1640 medium in each well. Incubate for 123 
20−24 h at 37 °C and 5% CO2 to allow the confluency to reach 90%−95% (corresponding to 124 
approximately 1.5 x 106 cells). 125 
 126 
1.5. Stimulate the cells by adding 4 µL of 1 mg/mL R848 per well of the 6 well plate (final 127 
concentration of 1 µg/mL). Also set up an unstimulated control well with cells without the R848 128 
treatment.  129 
 130 
1.6. Ensure the R848 is evenly dispersed by gently rocking the plate side to side. Then, incubate 131 
the cells for 2−16 h in the incubator at 37 °C and 5% CO2. 132 



 

 
 

 133 
2. Extraction of cellular proteins 134 
 135 
2.1. Transfer the cell suspensions from the 6 well plate into 5 mL centrifuge tubes. 136 
 137 
2.2. Centrifuge at 200 x g for 5 min at RT. Remove the supernatant and resuspend the cell pellet 138 
in 1 mL of phosphate-buffered saline (PBS) to obtain a homogeneous single cell suspension.  139 
 140 
2.3. Transfer the cell suspension into a 1.5 mL centrifuge tube. 141 
 142 
2.4. Spin down briefly at 12,000 x g for 0.5−1 min at 4 °C and carefully remove the supernatant. 143 
 144 
2.5. Prepare the lysis buffer containing 6.25 mL of 1 M Tris-HCl pH 7.4 (final concentration of 25 145 
mM), 7.5 mL of 5 M NaCl (final concentration of 150 mM), 0.5 mL of 0.5 M EDTA (final 146 
concentration of 1 mM), 2.5 mL of NP-40 (final concentration of 1%) and 7.5 mL of glycerol (final 147 
concentration of 5%) in 250 mL of deionized water (ddH2O). Add 100x protease inhibitor single-148 
use cocktail to a final concentration of 1x to the lysis buffer just before use. Keep the prepared 149 
lysis buffer on ice. 150 
 151 
NOTE: The lysis buffer without the protease can be stored at 4 °C.  152 
 153 
2.6. Resuspend the cell pellet in 30 µL of ice-cold lysis buffer and mix by pipetting up and down.  154 
 155 
2.7. Incubate on ice for 15−20 min.  156 
 157 
2.8. Clarify the lysate by centrifuging at 12,000 x g for 15−20 min at 4 °C. Transfer the supernatant 158 
into a new prechilled 1.5 mL centrifuge tube. Keep the extracts on ice at all times. 159 
 160 
NOTE: Cell lysates can be stored at -20 °C or -80 °C. Do not boil the samples. 161 
 162 
2.9. Measure protein concentration using Bradford reagent. 163 
 164 
3. Analysis of IRF5 dimerization by native PAGE 165 
 166 
3.1. Prepare the upper (-) and lower (+) chamber electrophoresis buffers. The upper chamber 167 
buffer consists of 0.3% sodium deoxycholate (NaDOC) in 1x native PAGE running buffer, and the 168 
lower chamber consists of only 1x native PAGE running buffer.  169 
 170 
NOTE: Prepare a fresh upper chamber buffer for every new run. 171 
 172 
3.2. Rinse a 3%−12% native PAGE gel thoroughly with water without distorting the wells. Set the 173 
gel into the mini gel tank and remove the comb. Prerun the gel in a 4 °C cold room or on ice at 174 
150 V for 30 min.  175 
 176 



 

 
 

NOTE: Prerunning removes excessive ammonia and persulfate ions that can interfere with the 177 
running of the gel. 178 
 179 
3.3. During the prerun, prepare the samples for loading by mixing the cellular proteins kept on 180 
ice with 4x native sample buffer. 181 
 182 
3.4. After the prerun, load 10−15 µg of protein with a final volume of 10−15 µL per sample.  183 
 184 
NOTE: Overloading of protein can cause smearing.  185 
 186 
3.5. Run gel at 85 V for 30 min, then 150 V for 2 h. 187 
 188 
3.6. Soak the gel in SDS running buffer (25 mM Tris pH 8.3, 250 mM Glycine, 0.1% SDS) for 30 min 189 
at RT.  190 
 191 
NOTE: No agitation is required. Occasionally, the intensity of the band may not be proportional 192 
to the amount of protein loaded due to inefficient transfer in the presence of deoxycholate (DOC), 193 
which mainly affects the monomeric form of IRF5. Soaking the gel in SDS running buffer prior to 194 
the transfer solves this problem. The gel is fragile. Handle with extreme care from the bottom 195 
(i.e., higher percentage) end of the gel. 196 
 197 
4. Immunoblot analysis of IRF5 198 
 199 
4.1. Activate the polyvinylidene difluoride (PDVF) membrane by soaking it in methanol for 200 
approximately 5 min. 201 
 202 
4.2. Make a cut on one corner of the membrane to indicate its orientation. Assemble the transfer 203 
sandwich according to the sequential order detailed in the manufacturer’s protocol with extra 204 
care to ensure that no air bubbles are trapped within.  205 
 206 
4.3. Place the transfer cassette into the tank and transfer at 20 V for 1 h on ice. 207 
 208 
NOTE: Perform all incubations and washes in subsequent steps with a rocking shaker. 209 
 210 
4.4. Remove the membrane from the cassette with plastic forceps after the transfer is completed. 211 
Block the membrane in blocking buffer (TBS) for 45 min at RT.  212 
 213 
NOTE: TBS buffer with 5% BSA can also be used as a blocking buffer. 214 
 215 
4.5. Incubate the membrane with the primary antibody listed in Table 1. Wash the membrane 216 
with 1x TBST washing buffer (20 mM Tris, pH 7.0, 150 mM NaCl and 0.1% Tween 20) for 3 min 217 
while rocking. Repeat the wash 2x.  218 
 219 
[Place Table 1 here] 220 



 

 
 

 221 
4.6. Incubate the membrane with the secondary antibody listed in Table 1. Wash the membranes 222 
for 3 min in 1x TBST washing buffer. Repeat the wash 2x.  223 
 224 
4.7. Scan the blot using an appropriate gel documentation system. 225 
 226 
REPRESENTATIVE RESULTS: 227 
The immunoblot (IB) with an anti-IRF5 antibody was performed on CAL-1 cells unstimulated or 228 
stimulated with 1 µg/mL R848 for 2 h (Figure 1). Cell lysates were prepared, and the native PAGE 229 
was performed. In unstimulated CAL-1 cells, IRF5 was detected as a single band on the native 230 
PAGE, corresponding to its monomeric form. Upon treatment of CAL-1 cells with R848 for 2 h, 231 
the level of IRF5 monomer decreased with a concurrent increase in the accumulation of a slowly 232 
migrating band that corresponded to the dimeric form of IRF5. 233 
 234 
[Place Figure 1 here] 235 
 236 
The immunoblot with anti-IRF5 antibody was performed on IRF5-overexpressing 293T cells 237 
untransfected and transfected with various constructs. Cell lysates were prepared and native 238 
PAGE was performed (Figure 2). No IRF5 was detected in untransfected 293T cells, demonstrating 239 
the specificity of the anti-IRF5 antibody. A single band corresponding to monomeric IRF5 was 240 
only detected in the 293T cells overexpressing IRF5. When constructs encoding IRF5-activating 241 
proteins, including NRIG (constitutively active RIG-I), MAVS, and IKKβ were cotransfected, a 242 
slowly migrating band corresponding to the dimeric form of IRF5 appeared. However, NMDA5 243 
(constitutively active MDA5), a related protein to RIG-I, did not induce IRF5 dimerization when 244 
cotransfected.  245 
 246 
[Place Figure 2 here] 247 
 248 
FIGURE AND TABLE LEGENDS: 249 
Figure 1: Endogenous IRF5 dimerized in CAL-1 cells when stimulated with TLR7/8 agonist. CAL-250 
1 cells were untreated or treated with R848 for the indicated time. Protein samples were resolved 251 
by native PAGE and followed by IB using the anti-IRF5 antibody.  252 
 253 
Figure 2: Cotransfection of IRF5-activating factors induced IRF5 dimerization in 293T cells. The 254 
293T cells were untransfected (lane 1) or transfected with IRF5 (lane 2) along with various IRF5 255 
regulators (lanes 3−6). Protein samples were resolved by native PAGE and followed by IB using 256 
the anti-IRF5 antibody. NRIG = N-terminal of RIG-I; NMDA5 = N-terminal of MDA5. (Originally 257 
published in The Journal of Immunology. KT Chow, C Wilkins, M Narita, R Green, M Knoll, YM 258 
Loo and M Gale Jr. 2018. Differential and Overlapping Immune Programs Regulated by IRF3 and 259 
IRF5 in Plasmacytoid Dendritic Cells. J. Immunol. 201 (10) 3036-3050. Copyright © 2018 The 260 
American Association of Immunologists, Inc.23) 261 
 262 
Table 1: Specifications of the antibodies used in the immunoblotting procedure. 263 
 264 



 

 
 

DISCUSSION: 265 
The protocol described here is a modified native PAGE that distinguishes both monomeric and 266 
dimeric forms of endogenous IRF5. There have been few studies reporting the detection of 267 
endogenous IRF5 activation using the specialized imaging flow cytometry technique23,27,28,30. This 268 
protocol uses a common technique and commonplace reagents and tools to assess the 269 
endogenous IRF5 activation state during the early events of activation. The protocol entails 270 
simple modifications to a standard native PAGE protocol to enable distinction between the 271 
monomeric and dimeric forms of IRF5. It can be easily adapted to studies using other cell lines23. 272 
This modified native PAGE protocol can resolve endogenous IRF5 in its two forms clearly without 273 
non-specific protein interferences (Figure 2). Endogenous IRF5 from unstimulated cells was 274 
detected as a clear single band in this gel system, whereas treatment with R848 for 2 h resulted 275 
in the appearance of a band corresponding to IRF5 dimers (Figure 1). 276 
 277 
A native PAGE dimerization assay for IRF3, a similar transcription factor to IRF5 in the same 278 
family, has been developed and widely used in the past two decades32. Despite extensive testing 279 
and troubleshooting, we were unable to apply the same protocol that employs the Laemmli Tris-280 
glycine system to resolve IRF5 monomer and dimer. The protocol described in this article uses 281 
Bis-Tris gradient gels, which have a very different chemistry to the Tris-glycine single percentage 282 
gels used in the IRF3 protocol. The different pH and chemical composition of the gel 283 
electrophoretic systems may be crucial in distinguishing the various forms of IRF3 and IRF5. 284 
Indeed, IRF3 and IRF5, while similar, have different properties (e.g., isoelectric points and 285 
modification sites) likely resulting in different behavior while being separated on different gel 286 
systems. 287 
 288 
A 1x native PAGE running buffer containing DOC was used for the gel run. The buffer needs to be 289 
prepared fresh or kept in a clean and protein-free environment to avoid the appearance of white 290 
precipitates clouding the solution in the upper chamber as a result of DOC precipitating non-291 
specific proteins. It is highly recommended that the extracted endogenous IRF5 samples be 292 
subjected to the native PAGE as soon as possible, preferably within a week with minimal freeze-293 
thaw cycles. Otherwise, there may be significant protein degradation. The degradation is 294 
observed with storage at both -80 °C and -20 °C. In addition, the pH of the SDS running buffer 295 
and the TBST washing buffer should be adjusted at RT.  296 
 297 
The ideal final volume of sample loaded in each well was 10−15 µL, but slight adjustments might 298 
be required depending on different cell types. After the initial run at 85 V for 30 min, it is 299 
recommended to continue running the gel at 150 V for approximately 2 to 3 h to attain distinct 300 
separation and resolution of the IRF5 monomer and dimer. After the run is finished, it is of utmost 301 
importance to handle the gel meticulously from its bottom end due to its differential levels of 302 
density, ranging from 3% at the top and increasing towards 12% at the bottom. In this case, it is 303 
preferable to remove the gel from the plate by immersing it in the used running buffer, which 304 
acts as an impact cushion to minimize friction and allows the gel to float away from the plate to 305 
avoid breakage.  306 
  307 
A few minor drawbacks of this protocol include the limited selection of gels available to achieve 308 



 

 
 

the desired results. Homemade gels and a few other brands of commercially available gels have 309 
been tested without success. In our hands, use of a commercial running buffer and gel system 310 
contributed to the robustness and reproducibility of this protocol, although extensive testing of 311 
homemade buffers has not been performed. Attention to detail is essential, and experience is 312 
key to success in obtaining clear results. Lastly, the resolution of IRF5 required a long time (i.e., 313 
2−3 h) to get an ideal separation of the monomer and dimer. Further enhancement and 314 
modifications in the future can improve the efficiency and minimize the drawbacks of this 315 
protocol.  316 
 317 
In conclusion, this protocol is a robust assay for the detection of endogenous IRF5 monomer and 318 
dimer. It is suitable for applications in various human and murine cell types expressing 319 
endogenous IRF5. It will be a valuable tool to study the IRF5 regulatory pathways and signaling 320 
components in various cell types.  321 
 322 
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Dillution Dillution buffer Incubation Comments

Primary antibody

(Anti-IRF5) 1/1000
TBS blocking 

buffer

Overnight 

at 4 °C or 2 

h at RT

Diluted antibodies 

can be reused several 

times if stored at 4 °C 

in the presence of 

0.02% sodium azide.

Secondary 

antibody

(Anti-rabbit)
1/10,000

TBS blocking 

buffer

45 min at 

RT

Diluted antibodies 

can be reused several 

times if stored at 4 °C 

in the presence of 

0.02% sodium azide.

NOTE: Dilution need to be optimized as it varies between manufacturers.
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Reagent and Equipment Company Catalog Number

2-Mercaptoethanol Life Technologies, HK 21985023

300 W/250 V power supply 230 V AC Life Technologies, HK PS0301

Anti-IRF5 antibody
Bethyl Laboratories, 

USA
A303-385

BIOSAN Rocker Shaker (cold room safe) EcoLife, HK MR-12

EDTA Buffer, pH 8, 0.5 M 4 X 100 mL Life Technologies 15575020

Glycerol 500 mL Life Technologies 15514011

Glycine Life Technologies, HK 15527013

Goat anti-Mouse IgG DyLight 800 

Conjugated Antibody 

LAB-A-

PORTER/Rockland, HK
610-145-002-0.5

Goat anti-Rabbit IgG DyLight 800 

Conjugated Antibody 

LAB-A-

PORTER/Rockland, HK
611-145-002-0.5

Halt protease inhibitor cocktail (100x)
Thermo Fisher 

Scientific, HK
78430

HEPES Life Technologies, HK 15630080

LI-COR Odyssey Blocking Buffer (TBS) Gene Company, HK 927-50000

Mini Tank blot module combo; Transfer 

module, accessories
Life Technologies, HK NW2000

NativePAGE 3-12% gels, 10 well kit Life Technologies, HK BN1001BOX

NativePAGE Running Buffer 20x Life Technologies, HK BN2001

NativePAGE Sample Buffer 4x Life Technologies, HK BN2003
NP-40 Alternative, Nonylphenyl 

Polyethylene Glycol

Tin Hang/Calbiochem, 

HK
#492016-100ML

PBS 7.4 Life Technologies, HK 10010023

Polyvinylidene difluoride (PVDF) membrane
Bio-gene/Merck 

Millipore, HK
IPFL00010

Protein assay kit II (BSA) Bio-Rad, HK 5000002

R848 Invivogen, HK tlrl-r848

RPMI 1640 Life Technologies, HK 61870127

Sodium Chloride ThermoFisher BP358-1

Sodium deoxycholate ≥97% (titration) Tin Hang/Sigma, HK D6750-100G

Tris Life Technologies, HK 15504020

TWEEN 20 Tin Hang/Sigma, HK #P9416-100ML
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.

 
A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 
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Name:    
 
Department:   
 
Institution:  
 
Title:   
 

Signature:  
 

Date:  

Please submit a signed and dated copy of this license by one of the following three methods: 
1. Upload an electronic version on the JoVE submission site 
2. Fax the document to +1.866.381.2236 
3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140 
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Response to reviewers: 

 

Editorial comments: 

 

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 thoroughly proofread the manuscript. 

 

2. Authors and affiliations: Please provide an email address for each author. 

 

We have added the email address for each author in this part. 

 

3. Keywords: Please provide at least 6 keywords or phrases. 

 

We have included the keywords for our manuscript. 

 

4. 2.4: Please specify centrifugation parameters. 

 

We have added these parameters in 2.4. 

 

5. 2.5: Please list an approximate volume of the buffer to prepare. 

 

We have listed the volume in addition to the final concentration of each ingredient for 

the preparation of buffer in 2.5. 

 

6. 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].” 

 

We have included the relevant permission information with this version of the 

manuscript. 

 

7. Figure 2: Please change the time unit “hr” to “h”. 

 

We have made the appropriate changes throughout the manuscript. 

 

8. Please combine Table of specific reagents and specific material and equipment into 

a single worksheet. 
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We have made the suggested change. 

 

9. Please make the worksheet “Table of recipes” a table and reference the table in the 

manuscript. 

 

We have made the suggested changes. 

 

10. References: Please do not abbreviate journal titles; use full journal name. 

 

We have edited these journal titles in References. 

 

Reviewers' comments: 

 

Reviewer #1:  

 

Manuscript Summary: 

Native PAGE method to analyze the formation of an endogenous IRF5 dimer in an 

immortalized cell line 

 

Major Concerns: 

 

1. In the first paragraph of the Introduction, the authors state that their method is the 

only one to "assay for endogenous IRF5 activation" and then in a later sentence refer 

to the use of Imagestream imaging flow assays to detect IRF5 nuclear localization. 

Given that IRF5 is only considered "active" once it translocates from the cytoplasm to 

the nucleus, the Imagestream assay was the first endogenous assay to measure IRF5 

activity. Other Labs, including the Reich Lab and the Hiscott Lab, have shown cases 

where IRF5 homodimerizes and still does not translocate to the nucleus. As such, this 

might need to be included in the Intro, as the authors mention that assays might need 

to be combined to support activation. 

 

We thank the reviewer for highlighting these studies and bringing up an important 

point. We have included a more in-depth discussion on this point in the Introduction. 

 

2. In the Discussion, line 210, the authors refer to "complications in recent studies" 

but don't refer to any particular studies. It would be helpful to know what the authors 

are referring to. 

 

We have made the appropriate changes in the Discussion. Many previous studies 

assessed IRF5 activation by overexpressing exogenous epitope-tagged IRF5 in 

sometimes irrelevant cell lines. A phospho-specific antibody was published but failed 

to detect endogenous IRF5 activation without immunoprecipitation or overexpression. 



Our protocol is to our knowledge the only biochemical assay that determines the early 

event of endogenous IRF5 activation in whole cell lysates.  

 

3. In the Discussion, line 213, the authors suggest that their assay has "high specificity 

towards IRF5" but the assay itself has little to do with specificity; specificity of the 

assay is completely dependent on having an antibody that detects IRF5 with high 

specificity. In this regard, the authors need to show the entire gel with molecular 

weight markers to help prove specificity. The bands as shown could be anywhere on 

the gel and may not correlate with appropriate sizes of the IRF5 monomer and dimer. 

Last, the authors use an antibody that is not a common one in the field of IRF5 

research. If it is commonly accepted, it would be helpful to include other refs using 

this antibody to detect human IRF5, or show specificity of the antibody with positive 

and negative controls cells. 

 

Thank you reviewer for raising this excellent point. In a previous research paper 

published by our group (Chow et al. The Journal of Immunology. 2018; 

201:3036-3050) where we first introduced the use of this protocol, we demonstrated 

IRF5 antibody specificity in several figures, including an immunoblot with no band in 

non-IRF5-expressing cells (293T) and a specific band corresponding to the size of 

IRF5 in these cells when FLAG-IRF5 was overexpressed. The identity of this single 

band was confirmed by an anti-FLAG antibody (data not shown). In another study 

published by our group, we demonstrated that this IRF5 antibody detects an IRF5 

specific band in wild type bone marrow derived dendritic cells, but not in knockout 

cells (Chow et al. Journal of Leukocyte Biology. 2019). Further, we demonstrated that 

this antibody is ChIP-capable and specific as a single band corresponding to the size 

of IRF5 is immunoprecipitated by this antibody. We have added a figure from the JI 

study as the new Figure 2 in this manuscript to illustrate this point.  

 

4. It would be helpful to include a couple of Native gel examples from different cell 

lines, or better yet, primary cells, to really show that the protocol is working in 

multiple cell types (immortalized and primary). This would be of extreme value to the 

field. 

 

We thank the reviewer for this excellent suggestion. Several figures demonstrating that 

this assay works in with multiple cell lines have previously been published by our 

group (Chow et al. The Journal of Immunology. 2018; 201:3036-3050). In those 

figures, IRF5 overexpression in 293T cells was first used to demonstrate the feasibility 

of this assay, and multiple human and murine cell lines were then tested for IRF5 

dimerization upon TLR7/8 stimulation. We have expanded the discussion to highlight 

these figures. 

  

Minor Concerns: 

 



1. Many references are incorrect; for instance, ref 9 is used to refer to IRF5 immune 

regulation but is actually an antibody paper. Ref 1, for the Imagestream imaging flow 

assay, is not the original ref of this method to measure IRF5 activity. 

 

We thank the reviewer for pointing out these mistakes and apologize for the oversight. 

We have made the appropriate changes. 

 

Reviewer #2: 

 

Manuscript Summary: 

 

This manuscript describes a method of detecting IRF5 activation and dimerisation by 

native PAGE. Although dimerisation assay by native PAGE is extensively used in 

viral immunology to monitor the activation status of important transcription factors, 

this manuscript clearly outlines the steps involved in this method, which should be of 

interests to the readers, young and also established scientists in fields that uses 

molecular biology in their research. 

 

Major Concerns: 

 

In the introduction, it should be stated that this method is particularly important when 

there is not suitable antibody that is specific enough to detect phosphorylated protein 

of interest, then dimerization assay would be very useful to detect activation. There 

are a lot of researchers who heavily rely on the antibodies to phosho-proteins and 

observe non-specific bands and are unsure of their activation status. 

 

We thank the reviewer for raising this important point. We have expanded the 

Introduction to include a discussion on this point. 

 

Line 74. The author should state what R848 is for the benefit of the readers. 

 

We have made the appropriate change. 

 

Line 116-117, would this be protease and phosphatase inhibitor cocktails or specific 

protease inhibitors like PMSF... 

 

We use Halt Protease Inhibitor Single-Use Cocktail (100X) from Thermo Fisher 

Scientific, which contains several inhibitors that inhibit the major classes of proteases 

but does not include any phosphatase inhibitor. We have included the manufacturer of 

the protease inhibitors we use in the methods.  

 

Line 137, please describe why pre-run is important to the readers. 

 



Pre-runs are conventionally performed to remove excess ions that may interfere with 

separation of the proteins. We have added this detail in the protocol. 

 

Line 169, for blocking, skim milk or BSA is preferred? 

 

We use Odyssey Blocking Buffer (TBS) from LI-COR because the background tend to 

be lower. However we have successfully performed this assay using homemade 5% 

BSA blocking buffer. We have added this detail in the protocol. 

 

It appears that this protocol is specific to Invitrogens gels, and this is a big drawback 

of this manuscript, and limits the practicality to other scientists who make their own 

or use other brands such as bio-rad. 

 

We agree it is an unfortunate drawback, but it is currently the only protocol we have 

tried that allows us to assay IRF5 monomer and dimer. We have tried but failed to use 

the Laemlli system (Tris-glycine) that successfully separates IRF3, a related protein. 

We suspect the Bis-tris gradient system of the Invitrogens native gels offer the 

appropriate chemistry and pH that allow the specific requirement for separating IRF5. 

We have added a brief discussion on this point in the discussion.  

 

Minor Concerns: 

 

What is the difference between the methods described in this manuscript and the 

protocol by Prof. Fujita at Kyoto U (Iwamura T et al. Genes Cells. 2001 

Apr;6(4):375-88). 

 

The Fujita protocol is a widely used assay to study IRF3 biology. We have performed 

the same protocol successfully with Ready Cast gels (as described in the original paper) 

as well as homemade Tris-glycine 7.5% gels. The key differences between our protocol 

for IRF5 and the Fujita protocol for IRF3 is the chemistry of the gel system. The Fujita 

protocol utilizes Tris-glycine gels without SDS, which runs at a different pH than the 

bis-tris system that our protocol uses. Further, the Fujita protocol utilizes a single 

percentage gel (7.5%) while our protocol uses a gradient gel (3-12%). These 

differences highlight the different biology of IRF3 and IRF5, despite them being in the 

same family of transcription factors. Their different phosphorylation and modification 

states likely give rise to different isoelectric points and conformation, where one gel 

system cannot substitute for another in separating their monomer and dimer forms. In 

fact, we have repeatedly tried using the Fujita protocol for IRF5 and failed to detect the 

monomer/dimer forms. We have added a discussion on this point in the discussion. 

 

Reviewer #3: 

 

Manuscript Summary: 

 



IRF5 is an important transcription factor in immune cells. IRF5 activation essentially 

requires dimerization, and therefore determination of this dimerization is important to 

study IRF5 activity. This manuscript provides a protocol to determine IRF5 

dimerization. 

 

The assay seems robust and the protocol in general is clear and easy to follow. My 

suggestion would be to add a few more details that are currently lacking. 

 

Major Concerns: 

No major concerns. 

 

Minor Concerns: 

A few minor issues that should be addressed (line numbers indicated): 

 

101. Instead of shaking the plate, would it not be better to resuspend using a pipette? 

 

This is a sensitive cell type that may be aberrantly activated if handled inappropriately, 

hence we prefer to avoid rigorous pipetting and gently shake the plate instead.  

 

106 (2.1). Are these cells completely non-adherent? If a subpopulation of the cells 

will stick to the bottom of the well and therefore is not transferred to the tube this 

could bias the results. If the cells are (partially) sticky, it would be nice if the authors 

could describe a way to detach the cells. 

 

This specific cell line is non-adherent. We have previously tried other cell lines and 

standard trypsinization works well. We have added a note in the protocol. 

 

113 (2.4). Please specify the duration, g, and temperature of spinning down the cells. 

 

We have made the appropriate changes throughout the protocol. 

 

115 (2.5). I could not find the concentrations of the protease and phosphatase 

inhibitors. Please add these. 

 

We use a commercial protease inhibitor (100x) diluted to 1x. We have added this detail 

in 2.5. 

 

120 (2.6). Please clarify the temperature of the lysis buffer when it is added to the 

cells. 

 

We have added the details in 2.6. 

 

232. Correct typo: change "outmost" to "utmost". 

 



We thank the reviewer for pointing out the typo. We have made the change. 

 

Figure 2: For clarity, please change the headings above the lanes: not "-" and "2", but 

"Unstim" and "R848 (2hr)". 

 

We have made the suggested change. 

 

Reviewer #4: 

 

Manuscript Summary: 

It is brief but informative. 

 

Major Concerns: 

Although it is not a novel technique and the journal does not require novelty, the 

authors failed to review the large amount of literature where the same procedure has 

been applied for endogenous IRF3 dimer-monomer resolution. Being all the same, it 

is likely that a good IRF antibody is the key or the most important component of the 

technique. Further, although the separation of IRF5 dimer-monomer is evident, it is 

not that impressive. It would have been more informative additional IRF5 activation 

ligands, exogenous IRF5 mutants (constitutive active or inactive), etc, to show the 

versatility, reliability, reproducibility of the assay. In fact, comparison to a 

well-known IRF3 dimer-monomer assay, that uses the same system, would have been 

very supportive. An accompanying loading control using Tubulin or Actin antibody 

can provide a better view on the variation of IRF5 activation. 

 

We thank you reviewer for raising this excellent point. A similar point regarding the 

similarity between IRF3 and IRF5 and the potential application of the IRF3 

dimerization protocol to assaying IRF5 activation was raised by another reviewer.  

 

We are quite familiar with the Fujita protocol (Iwamura T et al. Genes Cells. 2001 

Apr;6(4):375-88) that is a widely used assay to study IRF3 activation. We routinely 

perform IRF3 dimerization assays with this protocol using homemade Tris-glycine 

7.5% gels (equivalent to the Ready Cast gels stated in the original paper). While 

choosing an appropriate IRF5 antibody was extremely important to the success of 

running this assay, simply applying the IRF3 protocol did not work for IRF5 in our 

hands despite repeated attempts.  

 

The key differences between our protocol for IRF5 and the Fujita protocol for IRF3 is 

the chemistry of the gel system. The Fujita protocol utilizes Tris-glycine gels without 

SDS, which runs at a different pH than the Bis-Tris system that our protocol uses. 

Further, the Fujita protocol utilizes a single percentage gel (7.5%) while our protocol 

uses a gradient gel (3-12%). These differences highlight the different biology of IRF3 

and IRF5, despite them being in the same family of transcription factors. Their different 

phosphorylation and modification states likely give rise to different isoelectric points 



and conformation, where one gel system cannot substitute for another in separating 

their monomer and dimer forms. In fact, we have repeatedly tried using the Fujita 

protocol for IRF5 and failed to detect the monomer/dimer forms.  

 

We agree that additional IRF5 activation ligands and exogenous IRF5 mutants 

(constitutive active or inactive), etc, would be very informative. Some of these 

experiments have been performed and previously published by our group (Chow et al., 

Journal of Immunology 2018; 201:3036-3050) where different TLR ligands and cell 

lines were tested. We feel that generating and testing exogenous IRF5 mutants are 

beyond the scope of this manuscript, whose goal is to provide the scientific community 

a robust assay to study IRF5 activation state. We believe this protocol will allow more 

in-depth dissection of IRF5 biology in the future. 

 

Because loading controls such as Tubulin or Actin are not conventionally used for 

native gel electrophoresis, we opted to not include them. We believe that prior counting 

and seeding of same number of cells, the short treatment duration (2-6 hours), the 

quantification of protein lysates, and loading of same amount of protein should 

sufficiently ensure equal loading. We have separately performed SDS-PAGE gel 

electrophoresis using GAPDH as a loading control to demonstrate that the IRF5 protein 

level does not change throughout the course of our experiment (data not shown).  

 

We have included these points in the discussion. 

 

Minor Concerns: 

The article requires grammar editing and in some parts rewriting of the sentences. The 

author claims that the detection of IRF5 activation has been a problem in the field and 

that proposed technique will solve this issue, however there are not references 

supporting this statement. 

 

We thank you for pointing out this important point. We agree and have made the 

appropriate changes. 
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