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SUMMARY:  26 
Interactions of transcription factors (TFs) with the RNA polymerase are usually studied using 27 
pulldown assays. We apply a Biolayer Interferometry (BLI) technology to characterize the 28 
interaction of GrgA with the chlamydial RNA polymerase. Compared to pulldown assays, BLI 29 
detects real-time association and dissociation, offers higher sensitivity, and is highly quantitative.  30 
 31 
ABSTRACT:  32 
A TF is a protein that regulates gene expression by interacting with the RNA polymerase, another 33 
TF, and/or template DNA. GrgA is a novel transcription activator found specifically in the obligate 34 
intracellular bacterial pathogen Chlamydia. Protein pulldown assays using affinity beads have 35 
revealed that GrgA binds two σ factors, namely σ66 and σ28, which recognize different sets of 36 
promoters for genes whose products are differentially required at developmental stages. We 37 
have used BLI to confirm and further characterize the interactions. BLI demonstrates several 38 
advantages over pulldown: 1) It reveals real-time association and dissociation between binding 39 
partners, 2) It generates quantitative kinetic parameters, and 3) It can detect bindings that 40 
pulldown assays often fail to detect. These characteristics have enabled us to deduce the 41 
physiological roles of GrgA in gene expression regulation in Chlamydia, and possible detailed 42 
interaction mechanisms. We envision that this relatively affordable technology can be extremely 43 
useful for studying transcription and other biological processes. 44 
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 45 
INTRODUCTION:  46 
Transcription, which produces RNA molecules using DNA as templates, is the very first step of 47 
gene expression. Bacterial RNA synthesis begins following the binding of the RNA polymerase 48 
(RNAP) holoenzyme to a target promoter1,2. The RNAP holoenzyme (RNAPholo) is comprised of 49 
a multi-subunit catalytic core (RNAPcore) and a σ factor, which is required for recognizing the 50 
promoter sequence. Transcription activators and repressors, collectively termed TFs, regulate 51 
the gene expression through the binding components of the RNAPcore, σ factors, and/or DNA. 52 
Depending on the organism, a significant portion of its genome may be devoted to TFs that 53 
regulate transcription in response to physiological needs and environmental cues3. 54 
 55 
Chlamydia is an obligate intracellular bacterium responsible for a variety of diseases in humans 56 
and animals4-8. For example, Chlamydia trachomatis is arguably the number one sexually 57 
transmitted pathogen in humans worldwide, and a leading cause of blindness in some 58 
underdeveloped countries4,5. Chlamydia has a unique developmental cycle characterized by two 59 
alternating cellular forms termed the elementary body (EB) and reticulate body (RB)9. Whereas, 60 
EBs are capable of survival in an extracellular environment, they are incapable of proliferation. 61 
EBs enter host cells through endocytosis and differentiate into larger RBs in a vacuole in the host 62 
cytoplasm within hours post-inoculation. No longer infectious, RBs proliferate through binary 63 
fission. Around 20 h, they start to differentiate back to the EBs, which exit the host cells around 64 
30-70 h.  65 
 66 
Progression of the chlamydial developmental cycle is regulated by transcription. Whereas a 67 
supermajority of the nearly 1,000 chlamydial genes are expressed during the midcycle during 68 
which RBs are actively replicating, only a small number of genes are transcribed immediately 69 
after the entry of EBs into the host cells to initiate the conversion of EBs into RBs, and another 70 
small set of genes are transcribed or increasingly transcribed to enable the differentiation of RBs 71 
into EBs10,11.  72 
 73 
The chlamydial genome encodes three σ factors, namely σ66, σ28 and σ54. σ66, which is equivalent 74 
to the housekeeping σ70 of E. coli and other bacteria, is responsible for recognizing promoters of 75 
early and mid-cycle genes as well as some late genes, whereas σ28 and σ54 are required for the 76 
transcription of certain late genes. Several genes are known to carry both a σ66-dependent 77 
promoter and a σ28-dependent promoter12.  78 
 79 
Despite a complicated developmental cycle, only a small number of TFs have been found in 80 
chlamydiae13. GrgA (previously annotated as a hypothetical protein CT504 in C. trachomatis 81 
serovar D and CTL0766 in C. trachomatis L2) is a Chlamydia-specific TF initially recognized as an 82 
activator of σ66-dependent genes14. Affinity pulldown assays have demonstrated that GrgA 83 
activates their transcription by binding both σ66 and DNA. Interestingly, it was later found with 84 
that GrgA also co-precipitates with σ28, and activates transcription from σ28-dependent 85 
promoters in vitro15. To investigate whether GrgA has similar or different affinities for σ66 and 86 
σ28, we resorted to using BLI. BLI assays have shown that GrgA interacts with σ66 at a 30-fold 87 
higher affinity than with σ28, suggesting that GrgA may play differential roles in σ66-dependent 88 



   

Page 2 of 6  revised November 2017 
 

transcription and σ28-dependent transcription15.  89 
 90 
BLI detects the interference pattern of white light that reflects from a layer of immobilized 91 
protein on the tip of a biosensor and compares it to that of an internal reference layer16. Through 92 
the analysis of these two interference patterns, BLI can provide valuable and real-time 93 
information about the amount of protein bound to the tip of the biosensor. The protein that is 94 
immobilized to the tip of the biosensor is referred to as the ligand, and is generally immobilized 95 
with the help of a common antibody or epitope tag (e.g., a poly-His- or biotin-tag) that has an 96 
affinity for an associated particle (such as NTA or Streptavidin) on the tip of the biosensor. The 97 
binding of a secondary protein, referred to as the analyte, with the ligand at the tip of the 98 
biosensor creates changes in the opacity of the biosensor and therefore results in changes in 99 
interference patterns. When repeated over different concentrations of the analyte, BLI can 100 
provide not only qualitative but also quantitative information about the affinity between the 101 
ligand and analyte16. 102 
 103 
To the best of our knowledge, we were the first to employ BLI to characterize protein-protein 104 
interactions in transcription15. In this publication, we demonstrate that a GrgA fragment, which 105 
was previously shown to be required for σ28-binding, indeed mediates the binding. This 106 
manuscript focuses on steps of the BLI assays, and generation of BLI graphs and parameters of 107 
binding kinetics. Methods for the production (and purification) of ligands and analytes are not 108 
covered here.   109 
 110 
PROTOCOL:  111 
 112 
1. Preparation of proteins 113 
 114 
1.1. Use a dialysis bag (with an appropriate cut-off size) to dialyze each protein to be used for BLI 115 
assays (including both the His-tagged ligand and the analyte) against 1,000 volumes of the BLI 116 
buffer (25 mM Tris-HCl, 150 mM NaCl, 0.1 mM EDTA, 10 mM MgCl2, 0.1 mM DTT, pH 8.0, pre-117 
chilled to 4 ˚C) at 4 ˚C for 4 h. 118 
 119 
NOTE: BLI assays require the ligand to be present at concentrations that saturate the binding 120 
sites on the biosensor and the analyte to be highly purified so that the molar concentrations of 121 
the analyte that react with the ligand is known. Methodologies for the expression and purification 122 
of His- and Strep-tagged proteins are not covered here, but can be found in previous 123 
publications14,15. Although this system does not require the ligand to be in highly purified form, 124 
it is essential to dialyze even unpurified ligands to the BLI buffer in order to minimize shifts in 125 
white-light interference patterns caused by any buffer changes during the assay. 126 
 127 
1.2. Switch to fresh BLI buffer and continue the dialysis for another 4 h. 128 
 129 
2. Biosensor hydration and assay set-up 130 
 131 
2.1. Approximately 10 min prior to the start of an assay, pipette 200 µL of the BLI buffer into a 132 
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PCR tube. 133 
 134 
2.2. Remove a Ni-NTA-biosensor from the original packaging by holding the wide portion of the 135 
biosensor using a gloved hand.  136 
 137 
2.3. Place the biosensor over the PCR-tube such that only the glass tip of the biosensor is 138 
submerged in the BLI buffer.  139 
 140 
2.4. Keep the biosensor tip submerged for at least 10 min to ensure full hydration. 141 
 142 
2.4.1. Verify that the glass tip of the Ni-NTA-biosensor does not touch anything other than the 143 
BLI buffer during the above step.  144 
 145 
NOTE: This protocol uses a Ni-NTA-biosensor in conjunction with a His-tagged ligand. If needed, 146 
a SA-Streptavidin-biosensor can be used in conjunction with a biotinylated ligand instead if: (i) 147 
both the ligand and analyte carry a His tag or (ii) neither of them does.  148 
 149 
2.4. Turn the BLItz machine on. 150 
 151 
2.5. Ensure that the machine is connected to the computer through a USB data output port at 152 
the back of the machine. 153 
 154 
2.6. On the computer, open the associated software (e.g., BLItz Pro), and click on Advanced 155 
Kinetics on the left-hand side of the screen. 156 
 157 
2.7. On the software, type out all appropriate information about the experiment (including the 158 
Experiment Name, Description, Sample ID, and Protein Concentration) under each respective 159 
heading.  160 
 161 
2.8. Click on Biosensor Type and choose Ni-NTA from the drop-down menu. 162 
 163 
2.8.1. Under the Run Settings heading, verify that the Shaker is set to Enable.  164 
 165 
2.8.2. Under the Step Type List heading, verify that there are 5 items listed: Initial Baseline, 166 
Loading, Baseline, Association, and Dissociation.  167 
 168 
NOTE: The duration of each step can be changed from default as needed. For optimal results, use 169 
a minimum of 30 s for Initial Baseline and Baseline; and 120 s for Association and Dissociation. 170 
The duration of the Loading step (ranging from 120 to 240 s) will depend upon the concentration 171 
of the ligand and affinity of the His-epitope tag on the ligand to the Ni-NTA-biosensor. 172 
 173 
2.9. Remove the hydrated Ni-NTA-biosensor from the PCR tube and affix it to the biosensor 174 
mount on the machine by sliding the wide portion of the biosensor onto the mount.  175 
 176 
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NOTE: Do not let the biosensor dry out during the experiment. 177 
 178 
2.10. Place a 0.5 mL black microcentrifuge tube into the tube holder of the machine and pipette 179 
400 µL of the BLI buffer into it.  180 
 181 
2.11. Verify that the slider of the machine is positioned such that the tube holder is situated in 182 
front of the black arrow on the machine.  183 
 184 
2.12. Close the cover of the machine such that the biosensor tip becomes submerged in the 185 
buffer in the microcentrifuge tube.  186 
 187 
2.13. Click Next on the software to begin recording the Initial Baseline. 188 
 189 
3. Loading of ligand onto biosensor 190 
 191 
3.1. After the Initial Baseline step has finished recording, open the cover of the machine. 192 
 193 
3.2. Move the slider to the right such that the drop holder (instead of the tube holder) is situated 194 
in front of the black arrow.  195 
 196 
3.3. Pipette 4 µL of a dialyzed His-tagged ligand (from Step 1.1) onto the drop holder and close 197 
the cover of the machine.  198 
 199 
NOTE: The optimal concentration of the ligand to be used may vary for each protein. A 200 
concentration between 1.0 to 2.0 mg/mL is usually adequate to saturate the NTA at the tip of the 201 
biosensor in 240 s. 202 
 203 
3.4. On the software, click Next to begin Loading. 204 
 205 
4. Washing away additional ligand 206 
 207 
4.1. After the Loading step has finished recording, open the cover of the machine. 208 
 209 
4.2. Move the slider to the left such that the tube holder is once again situated in front of the 210 
black arrow.  211 
 212 
4.3. Close the lid of the machine and ensure that the biosensor tip is submerged into the BLI 213 
buffer of the tube in the tube holder.  214 
 215 
4.4. Click Next once again on the software to begin recording the Baseline. 216 
 217 
5. Association of analyte to ligand 218 
 219 
5.1. After the Baseline step has finished recording, open the cover of the machine.  220 
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 221 
5.2. Remove the drop holder and clean it by pipetting out any protein and rinsing it with double-222 
deionized water (ddH2O) for a total of 5 times.  223 
 224 
5.1.1. Use a tissue wipe to clean the surface of the drop holder after the wash.  225 
 226 
5.2. Replace the drop holder back onto the machine.  227 
 228 
5.3. Move the slider on the machine to the right such that the drop holder is once again situated 229 
in front of the black arrow. 230 
 231 
5.4. Pipette 4 µL of a dialyzed analyte (from Step 1.1) onto the drop holder and close the cover 232 
of the machine.  233 
 234 
5.5. On the software, click Next to begin Association. 235 
 236 
6. Dissociation of analyte from ligand 237 
 238 
6.1. After the Association step has finished recording, open the cover of the machine. 239 
 240 
6.2. Move the slider on the machine to the right such that the tube holder is once again situated 241 
in front of the black arrow.  242 
 243 
6.3. On the software, click Next to begin Dissociation. 244 
 245 
6.4. After the Dissociation step has finished recording, open the cover of the machine. 246 
 247 
6.5. Remove the drop holder and tube holder. 248 
 249 
6.6. Rinse both with ddH2O thoroughly to wash away any protein.  250 
 251 
6.7. Remove the biosensor and discard it safely. 252 
 253 
7. Repeating interactions with different concentrations  254 
 255 
7.1. Repeat Steps 2-7 for the same ligand-analyte pair using different analyte concentrations. 256 
 257 
NOTE: The concentration of the analyte may need to be adjusted across several runs before 258 
obtaining optimal results. In our experience, a ratio of 1:5:10 of analyte concentrations, starting 259 
with 75 nM, is usually adequate. 260 
 261 
8. Analyzing the data using the software 262 
 263 
8.1. Once all runs have finished, save the data on the software by clicking File and then Save 264 
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Experiment As on the left side of the screen.  265 
 266 
8.2. Under the Run Data heading, select Step Correction and Fitting (1:1) and click Analyze to 267 
generate kinetic data.  268 
 269 
8.3. To extract the quantitative data into a worksheet and generate graphs, click on Export to 270 
CSV and save the recorded data as a .csv file. Open the .csv file using spreadsheet software.  271 
 272 
8.2.1. To most effectively show the Association and Dissociation kinetics, remove all plot points 273 
prior to the Baseline step, and normalize all subsequent plot points from the final Baseline value. 274 
 275 
REPRESENTATIVE RESULTS:  276 
Through BLI assays, we previously established that binding of GrgA to σ28 is dependent on a 28 277 
amino acid middle region (residues 138-165) of GrgA15. Accordingly, compared with N-terminally 278 
His-tagged full length GrgA (NH-GrgA), a GrgA deletion construct lacking this region (NH-279 
GrgAΔ138-165) had a decreased association rate and an increased dissociation rate, leading to a 280 
3 million-fold loss of overall affinity (Table 1). Here, we demonstrate that this middle region 281 
directly binds σ28 in the absence of the rest of the GrgA protein. In these experiments, the middle 282 
region tagged with an N-terminally His-tag (NH-GrgA138-165) was used as the ligand, which was 283 
first immobilized to the tip of a Ni-NTA biosensor (Figure 1A). After washing unbound NH-284 
GrgA138-165 off the biosensor, real-time association with the analyte σ28 was recorded following 285 
the addition of σ28. Finally, the real-time dissociation was recorded following the wash. 286 
Recordings of experiments with three different analyte concentrations starting 30 s prior to 287 
ligand binding and ending 2 minutes after the beginning of wash are shown in Figure 1A. To 288 
better visualize the ligand-analyte interaction, we remove data prior to the addition of the ligand 289 
and reset the baseline to 0 to derive Figure 1B.  290 
 291 
Values of kinetic parameters for interaction of the NH-GrgA138-165 fragment with σ28 are 292 
presented in Table 1. Compared to the NH-GrgA X σ28 interaction, the NH-GrgA138-165 X σ28 293 
interaction displayed a trending statistically significant 60% reduction in ka, a highly statistically 294 
significant 64% increase in kd, and a highly statistically significant 3.5-fold increase in KD. These 295 
changes demonstrate that compared to NH-GrgA, NH-GrgA138-165 binds σ28 more slowly, 296 
dissociates from σ28 faster, and has a decreased overall affinity with σ28. Therefore, residues 138-297 
165 in GrgA binds σ28 but with reduced affinity compared to full length GrgA.  298 
 299 
FIGURE AND TABLE LEGENDS: 300 
Figure 1: A 28 amino acid middle region of GrgA binds σ28 in vitro. (A) Real-time changes in light 301 
interference patterns recorded by in four stages: (i) binding of NH-GrgA138-165 (Ligand) to a Ni-302 
NTA biosensor, (ii) wash, (iii) binding of NS-σ28 (Analyte) at different concentrations to the 303 
immobilized NH-GrgA-138-165 (Ligand), and (iv) subsequent wash. (B) Enhanced visualization of 304 
ligand-analyte association and dissociation following removal of values in the first two stages 305 
from (A) and reset of the baseline. Panel B is modified from Desai et al., 201815. 306 
 307 
Table 1: A mutant of GrgA, containing only amino acid residues 138-165, binds σ28 despite lower 308 
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affinity compared to the full-length GrgA. BLI assays were performed with Ni-NTA biosensors 309 
using His-tagged full-length GrgA or deletion mutants as ligands and purified Strep-tagged σ28 as 310 
an analyte. Graphs of recordings are shown in Figure 1. Values of kinetic parameters (averages ± 311 
standard deviations) were generated with the associated software17. ka (association rate 312 
constant) is defined as the number of complexes formed per s in a 1 molar solution of A and B. 313 
kd (dissociation rate constant) is defined as the number of complexes that decay per second. KD 314 
(dissociation equilibrium constant), defined as the concentration at which 50% of ligand binding 315 
sites are occupied by the analytes, is kd divided by ka. n, number of experimental repeats. p values 316 
were calculated using 2-tailed Student’s t tests. Kinetic parameters for NH-GrgA and NH-317 
GrgAΔ138-165 were from Desai et al., 201815.  318 
 319 
DISCUSSION: 320 
Protein-protein interactions are crucial for the regulation of transcription and other biological 321 
processes. They are most commonly studied through pulldown assays. Although pulldown assays 322 
are relatively easy to perform, they are poorly quantitative and may fail to detect weak but 323 
biologically meaningful interactions. In comparison, by detecting real-time association and 324 
dissociation between a ligand and an analyte, BLI provides association and dissociation rate 325 
constants, as well as, overall affinity. 326 
 327 
Compared to pulldown assays, BLI assays offer higher sensitivity. For example, GrgA-σ28 328 
interactions are detected with lower nM concentrations of analytes by BLI but not by pulldown 329 
assays (unpublished data). Unlike pulldown, BLI does not rely on a detection antibody, which may 330 
significantly affect sensitivity.  331 
 332 
More importantly, BLI analyses can provide mechanistic insights into the interaction between 333 
proteins, whereas pulldown assays cannot. This is exemplified by the interactions of σ28 with 334 
different GrgA constructs. Compared with NH-GrgA, NH-GrgAΔ138-165 and NH-GrgA138-165 335 
suffer only a 60% loss in ka in binding σ28. These findings are consistent with our previous BLI data 336 
showing that GrgA lacking its N-terminal 64 residues has a decreased affinity with σ28, suggesting 337 
that the N-terminal sequence of GrgA contributes to σ28 binding. Although NH-GrgAΔ138-165 338 
and NH-GrgA138-165 have similar ka values in binding σ28, the former has a 91,000-fold higher kd 339 
than the latter. These results indicate that binding of 138-165 triggers structural changes in GrgA, 340 
greatly stabilizing the complex.  341 
 342 
With a longer history than BLI, surface plasmon resonance (SPR) can also quantify the real-time 343 
protein-protein interactions18,19. While the sensitivity of BLI is thought to be lower than that of 344 
SPR20, the former currently outperforms the latter in cost-effectiveness. For example, costs of 345 
SPR biosensors are much higher than those of BLI biosensors.  346 
 347 
Due to the nature of the underlying principle of SPR, it is heavily influenced by the microfluidics 348 
of the media surrounding the protein. Therefore, experiments involving some SPR instruments 349 
require considerable perception on the part of the researcher to ensure optimal buffer 350 
conditions21-24. On the other hand, current BLI instruments feature a very limited temperature 351 
control range25 and, as such, are ill-fitted for determining thermodynamic parameters (such as 352 
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enthalpy and Gibbs free energy) for a given interaction. 353 
 354 
Glycerol, a commonly used cryoprotectant, is incompatible with BLI, despite its broad chemical 355 
compatibility. Therefore, it is critical to remove glycerol from the ligand and analyte by dialysis. 356 
The resulting glycerol-free proteins must be stored at 4 °C, which may lead to increased instability 357 
and inaccurate kinetic parameters. We recommend that BLI assays be performed soon after 358 
dialysis, particularly if inconsistent kinetic parameters are obtained from at different times. The 359 
exact time frame within which BLI assays should be completed will vary among proteins and be 360 
affected by their concentrations.  361 
 362 
As with SPR, BLI has been used for small molecule screening26. Considering that newer BLI 363 
instruments offer high throughput options for screening, we envision that BLI can become very 364 
useful for the identification and characterization of small molecules that facilitate or interfere 365 
with protein-protein interactions. 366 
 367 
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1/Ms % control 1/s % control M % control

NH-GrgA 8 (1.5 ± 1.7) x 10
4 100 (2.8 ± 0.8) x 10

-3 100 (2.2 ± 0.3) x 10
-7 100 Desai et al, 2018

NH-GrgAΔ138-165 2 (5.6 ± 0.1) x 10
3 37 (4.1 ± 0.3) x 10

2
1.5 x 10

7
(6.9 ± 4.5) x 10

-2
3.1 x 10

8 Desai et al, 2018

p =0.125 p <0.002 p <0.001

NH-GrgA138-165 3 (6.0 ± 1.0) x 103 40 (4.6 ± 0.4) x 10-3 164 (7.7 ± 0.3) x 10-7 350 This study

p =0.074 p =0.006 p <0.001
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Name of Material/ Equipment Company Catalog Number Comments/Description

BLItz machine ForteBio 45-5000
Dialysis tubing cellulose 

membrane
MilliporeSigma D9652

Dip and Read Ni-NTA biosensor 

tray
ForteBio 18-5101

Ready-to-use Ni-NTA 

biosensors for poly-His-

tagged Proteins
Drop holder ForteBio 45-5004

PCR tubes (0.2 mL) Thomas Scientific CLS6571

Microcentrifuge tubes (black)
Thermo Fisher 

Scientific
03-391-166

Kimwipes
Thermo Fisher 

Scientific
06-666A

DTT
Thermo Fisher 

Scientific
R0861

EDTA MilliporeSigma E6758

MgCl2 MilliporeSigma M8266

NaCl MilliporeSigma S9888

Tris-HCl GoldBio T095100
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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. 
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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.
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Vineeta Bajaj, Ph.D. 

Review Editor  

JoVE 

 

 

Dear Dr. Bajaj: 

 

The manuscript by Desai et al. entitled “Application of biolayer interferometry (BLI) for studying 

protein-protein interactions in transcription” has been revised to addressing your comments, as 

detailed below: 

 

1. Figure 1 has been produced at a higher resolution. (Recall that panel C was added to the 

R1 version in response to a suggestion by one of the reviewers. However, we have 

realized that it is really not appropriate to combine recordings of three different 

interactions into a single panel, and therefore have removed panel from the R2 version).  

 

2. I apologize for the accidental omission of Table 1, which has been provided now 

 

3. A critical issue and troubleshooting strategy have been discussed (lines 354-360).  

 

4. We added one more item to the Table of Materials. We believed that we have now 

included information for all materials relevant to this work with the exceptions of routine 

items such as micropipettes and tips). However, if you have identified materials that we 

have not included, please let us know. 

 

The initial submission was requested by Dr. Jaydev Upponi, editor of the Immunology and 

Infection section. We request that the final publication be listed in the Biochemistry section.  

 

Thank you, 

 

 

 

Huizhou Fan, PhD 
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