
Journal of Visualized Experiments
 

Use of Microscale Thermophoresis to Measure Protein-Lipid Interactions
--Manuscript Draft--

 
Article Type: Methods Article - JoVE Produced Video

Manuscript Number: JoVE60607R1

Full Title: Use of Microscale Thermophoresis to Measure Protein-Lipid Interactions

Section/Category: JoVE Biochemistry

Keywords: Phosphoinositide;  Phosphatidylinositol 3-phosphate;  FYVE domain;  Vacuole;
Lysosome;  Endosome

Corresponding Author: Rutilio A. Fratti
University of Illinois at Urbana-Champaign
Urbana, IL UNITED STATES

Corresponding Author's Institution: University of Illinois at Urbana-Champaign

Corresponding Author E-Mail: rfratti@illinois.edu

Order of Authors: Robert A Sparks

Andres S. Arango

Emad Tajkhorshid

Rutilio A. Fratti

Additional Information:

Question Response

Please indicate whether this article will be
Standard Access or Open Access.

Standard Access (US$2,400)

Please indicate the city, state/province,
and country where this article will be
filmed. Please do not use abbreviations.

Urbana, Illinois, USA

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



TITLE:  1 

Use of Microscale Thermophoresis to Measure Protein-Lipid Interactions 2 
 3 

AUTHORS AND AFFILIATIONS:  4 

Robert P. Sparks1#, Andres S. Arango2#, Emad Tajkhorshid1,2,3, Rutilio A. Fratti1,2 5 

 6 

#These authors contributed equally. 7 

 8 
1Department of Biochemistry, University of Illinois at Urbana-Champaign, Urbana, IL  9 
2Center for Biophysics and Quantitative Biology, University of Illinois at Urbana-Champaign, 10 

Urbana, IL 11 
3Beckman Institute for Advanced Science and Technology, University of Illinois at Urbana-12 

Champaign, Urbana, IL  13 

 14 

CORRESPONDING AUTHOR: 15 

Rutilio A. Fratti, rfratti@illinois.edu 16 

 17 

Email addresses of co-authors: 18 

Robert P. Sparks (rpspark2@illinois.edu) 19 

Andres S. Arango (aarango2@illinois.edu) 20 

Emad Tajkhorshid (emad@life.illinois.edu) 21 

 22 

KEYWORDS:  23 

Phosphoinositide; Phosphatidylinositol 3-phosphate; FYVE domain; Vacuole; Lysosome; 24 

Endosome 25 

 26 

SUMMARY:  27 

Microscale thermophoresis obtains binding constants quickly at low material cost. Either 28 

labeled or label free microscale thermophoresis is commercially available; however, label free 29 

thermophoresis is not capable of the diversity of interaction measurements that can be 30 

performed using fluorescent labels. We provide a protocol for labeled thermophoresis 31 

measurements.  32 

 33 

ABSTRACT: 34 

The ability to determine the binding affinity of lipids to proteins is an essential part of 35 

understanding protein-lipid interactions in membrane trafficking, signal transduction and 36 

cytoskeletal remodeling. Classic tools for measuring such interactions include surface plasmon 37 

resonance (SPR) and isothermal calorimetry (ITC). While powerful tools, these approaches have 38 

setbacks. ITC requires large amounts of purified protein as well as lipids, which can be costly 39 

and difficult to produce. Furthermore, ITC as well as SPR are very time consuming, which could 40 

add significantly to the cost of performing these experiments. One way to bypass these 41 

restrictions is to use the relatively new technique of microscale thermophoresis (MST). MST is 42 

fast and cost effective using small amounts of sample to obtain a saturation curve for a given 43 

binding event. There currently are two types of MST systems available. One type of MST 44 
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requires labeling with a fluorophore in the blue or red spectrum. The second system relies on 45 

the intrinsic fluorescence of aromatic amino acids in the UV range. Both systems detect the 46 

movement of molecules in response to localized induction of heat from an infrared laser. Each 47 

approach has its advantages and disadvantages. Label-free MST can use untagged native 48 

proteins; however, many analytes, including pharmaceuticals, fluoresce in the UV range, which 49 

can interfere with determination of accurate KD values. In comparison, labeled MST allows for a 50 

greater diversity of measurable pairwise interactions utilizing fluorescently labeled probes 51 

attached to ligands with measurable absorbances in the visible range as opposed to UV, limiting 52 

the potential for interfering signals from analytes. 53 

 54 

INTRODUCTION: 55 

Microscale thermophoresis is a relatively new technique in determining disassociation 56 

constants (KD) as well as inhibition constants (IC50) between biochemically relevant ligands. The 57 

leading commercial retailer for MST (e.g., NanoTemper) offers two popular MST technologies: 58 

1) Label free MST requiring a fluorescent tag, and 2) labeled thermophoresis using the inherent 59 

fluorescence of proteins dependent on the amount of aromatic residues present in a given 60 

protein1. A disadvantage of label-free thermophoresis is that in most cases, it does not allow for 61 

the measurement of protein-protein interactions. However, it may be possible to engineer 62 

proteins without aromatic amino acids such as tryptophan for use in label free 63 

thermophoresis2.  64 

 65 

MST measures the movement of particles in response to the induction of microscopic 66 

temperature fields initiated by an infrared laser in currently available technologies1. MST can be 67 

used to measure protein-protein interactions, protein-lipid interactions, protein-small 68 

molecule, competition experiments, and even interactions between small-molecules so long as 69 

one can produce enough signal separation. Additionally, MST allows for the measurement of 70 

membrane-protein based interactions embedded in either liposomes or nanodiscs. Labeled 71 

thermophoresis takes advantage of the use of fluorescently labeled tags allowing for chemically 72 

controllable separation of signal between ligand and analyte. KD values can be obtained using 73 

thermophoresis for interactions involving protein binding at low nanomolar concentrations, 74 

which in most cases is a much lower concentration of protein than what is required for 75 

isothermal calorimetry (ITC)3. Additionally, MST does not have strict buffering requirements as 76 

required for SPR4 and labeled thermophoresis can even be used to measure binding constants 77 

of proteins of interest from non-fully purified protein solutions5 with genetically inserted 78 

fluorescent tags6. A disadvantage of MST is that kinetic parameters cannot be obtained readily 79 

for MST as in SPR2.  80 

 81 

Thermophoresis measurements depend on the local temperature difference of a solution. This 82 

heat can be generated from an infrared laser. The MST device has a fluorescence detector 83 

coupled to an infrared (IR) beam and can pick up changes in fluorescence from local 84 

concentration changes of the fluorescent molecules at the point where the IR laser is targeted. 85 

The MST device utilizes an IR targeted laser coupled directly to a fluorescence detector focused 86 

at the same point in which the heat is generated in the solution. This allows for robust 87 

detection of changes in temperature corresponding to the depletion of molecules at the point 88 



of heat generated by the IR laser (thermophoresis). Measured fluorescence generally decreases 89 

closer to the IR laser in response to temperature increases. The differences measured as a 90 

result can be due to multiple factors including charge, size, or solvation entropy. These 91 

differences are measured as changes in fluorescence in response to induction of heat or 92 

movement of molecules from hot to colder parts of the capillary (thermophoresis). 93 

 94 

When loading a capillary with a given solution, it is important to leave air at either end of the 95 

capillary and not load the capillary completely full. The commercial capillary holds about 10 μL 96 

of solution. One can achieve accurate measurements with 5 μL of solution so long as the 97 

solution is manipulated to the center of the capillary, there are no air bubbles (potentially 98 

degas prior to loading capillary), and one is careful loading the rack to not jostle the solution 99 

from the center of the capillary, where the infrared laser is targeted. If the laser does not come 100 

in contact fully with solution, the result will most likely be one of three unusable outputs for 101 

that concentration: 1) no or low fluorescence detection, 2) higher fluorescence detection 102 

(potentially with jagged peak), or 3) fluorescence detection within other values from given 103 

titration, but with a jagged and unrounded peak. 104 

 105 

For labeled thermophoresis it is optimal to have a fluorescence signal above 200 and below 106 

2000 fluorescence units7. The MST device uses a range of LED intensities from 0 to 100, which 107 

can be selected to achieve a signal above 200 or below 2000. Alternatively, one can use 108 

different concentrations of the labeled ligand to modify the fluorescence signal to an optimal 109 

level. It is important to run a cap scan with a given MST measurement as a reference when 110 

analyzing data, as a poor cap scan can often result in a point that may later be determined to be 111 

an outlier. Each run should take approximately 30 min if measuring a single MST power with a 112 

cap scan. The commercial devices allow changes in MST power. In older software versions this 113 

could be set from 0 to 100; and in later versions one can select low, medium, or high MST. To 114 

achieve robust traces, a researcher may need to try each of these and decide which MST setting 115 

results in the most robust data for a given interaction. 116 

 117 

PROTOCOL: 118 

 119 

1. Preparation of materials 120 

 121 

1.1. Prepare phosphate buffered saline (PBS): 137 mM NaCl, 2.5 mM KCl, 10 mM NaH2PO4, 122 

and 2 mM KH2PO4, pH 7.41.  123 

 124 

1.2. Prepare NTA-Atto 647 N dye. Dilute stock NTA-Atto 647 N dye to 100 nM from a 100% 125 

DMSO solution into PBS without Tween.  126 

 127 

1.3. Express FYVE-His – Protein as a fusion protein in E. coli and purify using Ni-NTA and size 128 

exclusion chromatography8. 129 

 130 



1.4. Titrate the analyte in PBS buffer. If the analyte is in a different buffer, labeled MST is not 131 

particularly sensitive to minor buffer differences from molecules such as DMSO, unless 132 

contents of analyte buffer interact with labeled protein. 133 

 134 

2. Preparation of the MST device  135 

 136 

2.1. Turn on the power switch on the back of the device.  137 

 138 

2.2. Open the control software and ensure that the laptop is on and in connected status on 139 

the computer attached to the device.  140 

 141 

2.3. Enter fluorescence and MST settings for this experiment. Set MST Before to 3 s, MST on 142 

30 s, and Fluorescence recovery (Fluo.) after 1 s. Before measures initial fluorescence and does 143 

not require long times; MST is the actual amount of time for equilibrium to be reached after 144 

heat induction. 145 

 146 

2.4. Table of Capillaries: For each capillary tube, enter the name of the target (ligand), the 147 

name of the ligand (analyte), the concentration of the target, and the highest titration 148 

concentration and use autofill titration ratio. For example, enter 50 nM for the target 149 

concentration of FYVE domain, FYVE domain for target name, Di-C8 PI3P for ligand name, and 150 

the highest concentration of 25000 nM selecting 1:1 and dragging down to autofill slots 2-16.  151 

 152 

2.5. Run a Cap Scan to select the appropriate LED (20% LED (preset)) and adjust between 153 

200 and 2000 fluorescence units for labeled MST. Cap Scans should show uniform rounded bell-154 

shaped peaks. 155 

 156 

2.6. Select a range of MST powers and enter values for each to test for the most robust 157 

binding fit and hit Start Cap Scan + Measurement, scanning different values to determine best 158 

operating conditions for given interaction being tested. 159 

 160 

2.7. Determine the MST power with a best fit using the analysis software and the preset for 161 

thermophoresis with Tjump. Analyze fits according to most fluorescence separation between 162 

lowest and highest concentration as compared to the MST power with best fit and select the 163 

MST power for replicate trials. 164 

 165 

2.8. Determine whether photobleaching has occurred between first and second run by going 166 

to the analysis software and switching the analysis to expert mode. Next, select fluorescence 167 

instead of thermophoresis for analysis. Select expert mode and then photobleaching. 168 

 169 

3. Preparation of samples for labeled MST 170 

 171 

3.1. Bring the His8 FYVE domain solution to a concentration of 200 nM in PBS without 172 

Tween. 173 

 174 



3.2. Bring the NTA-Atto 647 dye to 100 nM in PBS without Tween. 175 

 176 

3.3. Mix the FYVE domain and NTA-Atto 647 dye at a 1:1 volumetric ratio and allow to sit at 177 

room temperature covered from light for 30 min. 178 

 179 

3.4. Centrifuge mixture of NTA-Atto 647 N dye and protein for 10 min in a dark room using a 180 

tabletop centrifuge at approximately 8,161 x g.  181 

 182 

3.5. Store mixture at 4 °C after the experiment or on ice during the experiment for reuse 183 

within a few hours if needed in order to keep protein from denaturing.  184 

 185 

3.6. Use the NT concentration finder to determine concentration range needed for titration. 186 

 187 

3.7. Bring Di-C8 PI3P to appropriate maximum concentration in water. 188 

 189 

3.8. Titrate the analyte using a 1:1 serial dilution in PBS buffer for 16 concentrations based 190 

on the previous step. Unlike SPR, thermophoresis is not as sensitive to buffer differences. 191 

 192 

4. MST of samples 193 

 194 

4.1. Turn on the device and the attached laptop. 195 

 196 

4.2. Press the up arrow on the front of machine and slide the capillary rack out.  197 

 198 

4.3. Load capillaries in the rack with the highest concentration at position 1.  199 

 200 

4.4. In the control software, select the Red Channel corresponding to NTA-Atto 647 N. 201 

 202 

4.5. Enter concentration, position, and name information for each capillary in the Table of 203 

Capillaries.  204 

 205 

4.6. Run a capillary scan by hitting Start Cap Scan at 20% LED (preset) and adjust according 206 

between 200 and 2000 fluorescence units using either LED intensity settings or concentration 207 

of ligand (labeled protein).  208 

 209 

4.7. Select a range of MST power.  210 

 211 

4.8. Start Cap Scan + MST Measurement. 212 

 213 

4.9. Analyze using the analysis software. 214 

 215 

5. Analysis of MST data 216 

 217 



NOTE: The analysis software provided by Nanotemper is proprietary and is performed using 218 

M.O. Affinity Analysis. There are different ways to measure binding affinities based on either 219 

fluorescence or thermophoresis. Newer versions of this software are preset to automatically 220 

evaluate data using thermophoresis and are preset to use Thermophoresis with Tjump taking 221 

advantage of both measurements. Alternatively, one can select either Tjump alone or 222 

Thermophoresis alone. Additionally, the analysis software allows estimated affinity 223 

measurements using initial fluorescence. These settings can be accessed in expert mode only.  224 

 225 

5.1. Set the evaluation strategy in the analysis software to expert by clicking the box for the 226 

lightning bolt next to a data set in the Data Selection screen. The Analysis Software is preset to 227 

analyze to MST Analysis; however, a researcher can select Create New Analysis and select Initial 228 

Fluorescence Analysis in order to estimate binding affinities based on initial fluorescence. 229 

Expert mode is also available for initial fluorescence. In the analysis described below, 230 

thermophoresis and Tjump was used to determine the KD of the presented of FYVE domain with 231 

its natural substrate, the lipid phosphatidylinositol-3-phosphate (PI3P). 232 

 233 

REPRESENTATIVE RESULTS: 234 

This is a sample output using the affinity analysis. The labeled MST was used to determine the 235 

binding constant of the FYVE domain from Hrs to the soluble dioctanoyl (DiC8) PI3P of one of its 236 

natural substrates9–11. Figure 1 presents the thermophoretic traces from one trial of a 1:1 237 

titration of DiC8 PI3P starting at 25,000 nM against 50 nM of Cy5 labeled FYVE domain12. Initial 238 

fluorescence (time before infrared laser turned on), Tjump (time initially after infrared laser 239 

turned on), and thermophoresis (once particles reach equilibrium with temperature) are 240 

shown. One can calculate a KD from any one of these measurements alone or can use a 241 

combination of Tjump and thermophoresis taking into account two of these measurements.  242 

 243 

In Figure 2, a saturation curve is shown for the thermophoresis with Tjump output from the 244 

analysis software. As shown in Figure 2, saturation curve can be plotted from these results; 245 

however, it may be difficult to calculate a saturation curve as Fnorm does not start from zero. In 246 

order to get around this issue, the data can be manually normalized, or the output can be set to 247 

the fraction-bound determined by the analysis software. Generally, MST results are determined 248 

using a log-scale as shown in Figure 3. The analysis software automatically takes into account 249 

protein concentration in order to determine binding affinity by selecting the KD model and 250 

inputting the protein concentration. The Hill model in the analysis software can also be used, 251 

which does not take into account protein concentration, but can potentially give a measure of 252 

cooperativity for a given interaction. Exporting either output from the analysis software and 253 

plotting in third party software, one can obtain a KD measurement as shown in Figure 3. It 254 

should be noted that the critical micelle concentration (CMC) of dioctanoyl phosphoinositides is 255 

>3 mM, indicating that these experiments are operating far below the CMC13. 256 

 257 

FIGURE LEGENDS 258 

 259 

Figure 1: MST traces of FYVE domain to DiC8 PI3P. Traces are shown for PI3P analyte to cy5 260 

labeled FYVE domain ligand measured in the red channel. Initial fluorescence was measured at 261 



room temperature for 5 s (A) prior to turning on infrared laser. Tjump (B) is measured in the 262 

initial seconds following induction of heat from the built-in infrared laser and measures 263 

fluorescence differences present when IR laser is first turned on prior to thermophoretic 264 

movement of particles being measured. Thermophoresis (C) is measured at a later time after 265 

molecules equilibrate from the movement induced by heat from the infrared laser due to 266 

thermophoretic motion differences due to factors such as size, charge, solvation entropy, or 267 

conformational change of particle being measured with respect to titrated analyte.  268 
 269 

Figure 2: Saturation binding determined from exported MST results using third party 270 

software. Normalized fluorescence results exported from the analysis software. The data were 271 

exported and plotted using one-site specific binding model. 272 

 273 

Figure 3: Binding affinity of FYVE domain to DiC8 PI3P using a sigmoidal model. Analysis of 274 

exported data from Figure 1 exported from the analysis software using the normalization 275 

Fnorm [%]. Taking the log of the concentrations of DiC8 PI3P plotted against Fnorm using 276 

Graphpad Prism v.7 using Sigmoidal, 4PL, X is log(concentration) model allows a fit that results 277 

in a KD of 890 ± 170 nM for FYVE domain binding affinity to DiC8 PI3P. 278 

 279 

DISCUSSION: 280 

The determination of FYVE binding to DiC8-PI3P provided a robust fitted KD of 887 ± 169 nM for 281 

the given interaction, which is slightly lower affinity than the measured KD of FYVE to PI3P 282 

liposomes, which was around 50 nM9–11. This difference is most likely due to the lack of a 283 

membrane, which generally results in lower affinity for membrane specific lipid binding 284 

interactions and therefore demonstrates the role for the liposome membrane scaffold to this 285 

interaction9,14. 286 

 287 

In order to further determine the strength of MST data, a researcher needs to examine both 288 

the shape of the traces from Figure 1 and the separation of the traces from the chosen analysis 289 

method. Looking at the traces from Figure 1, most concentrations resulted in a clear trace as 290 

determined by the leveling off of the thermophoresis portion of the curve. However, for traces 291 

corresponding to 12,500 and 625 nM, the end part of the fluorescent measurement tailed 292 

upward at around 20 s. This could be due to aggregation in the sample adherence to the sample 293 

capillaries, which can be remedied by additions of either or both Pluronic or Tween to the 294 

buffer15. However, detergents such as these may not be suitable for protein-lipid interactions16. 295 

To test for non-specific binding for this type of protein-lipid interaction one can add in BSA, 296 

increase salt concentration, or use glycerol in the buffer and test whether this affects the 297 

estimated KD
17,18. 298 

 299 

Separation is determined by the difference in Fnorm between the highest and lowest 300 

concentration measurement for the given interaction. As shown in Figure 2, the separation for 301 

this interaction was approximately 75 fluorescence units. Generally, speaking, a separation of at 302 

least 5 fluorescence units should be achieved to confidently rely on MST data of unknown 303 

chemical affinity measurements. If a robust KD fit is achieved at slightly lower separation, one 304 



might be able to still consider such data if it corresponded to affinity measurements used via 305 

another technique such as SPR or ITC. 306 

 307 

Because some of the thermophoretic traces showed some stickiness in the sample, the output 308 

chosen for Figure 3 was a combination of thermophoresis with Tjump. This setting is the 309 

preselected setting in most later versions of the analysis software. Figure 3 indicates a robust fit 310 

to a sigmoidal binding affinity model as there was clear saturation with a 12 point 1:1 titration. 311 

The device allow for 16 points to be taken in a given run, and many interactions require all of 312 

these points to achieve a strong binding affinity measurement. In order to achieve greater 313 

confidence, this trial should be repeated with new capillaries two or more times requiring a 314 

total of 36 capillary tubes for this experiment. Additionally, one might try another technique 315 

such as SPR to corroborate this data in order to ensure reliable reporting of affinity constants as 316 

we previously have done8. 317 

  318 
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“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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RE: JoVE60607 

 

Title: Use of Microscale Thermophoresis to Measure Protein-Lipid Interactions 

 

September 11, 2019 

 

Dear Dr. Steindel 

 

We have carefully addressed each of the reviewers’ comments point-by-point. Our responses 

are listed after each of the reviewers’ comments. Thank you for kindly considering this work.  

 

Sincerely,   

Rutilio A. Fratti 

 

 

 

Editorial comments: 

General: 

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

no spelling or grammar issues. 

 

 

2. Please revise lines 93-95, 129-134, 143-148 to avoid textual overlap with previous 

publications. 

 

These have been revised 

 

3. Please ensure that the manuscript is formatted according to JoVE guidelines–letter (8.5” x 

11”) page size, 1-inch margins, 12 pt Calibri font throughout, all text aligned to the left margin, 

single spacing within paragraphs, and spaces between all paragraphs and protocol 

steps/substeps. 

 

This is now correct 

 

4. Please do not include footnotes. 

 

The footnote has been removed 
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5. Please remove the embedded figures from the text. 

  

The embedded figures have been removed 

 

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

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

Please limit the use of commercial language from your manuscript and use generic terms 

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

Reagents. 

For example: Nanotemper Monolith, NT.Control, M.O.Affinity Analysis, etc. 

 

Definitions have been added and generic language was used thereafter in the methods 

 

Protocol: 

1. Please give centrifuge speeds in terms of ‘x g’ instead of ‘RPM’. 

 

This has been converted to 8161 x g 

 

2. For each protocol step/substep, please ensure you answer the “how” question, i.e., how is 

the step performed? Alternatively, add references to published material specifying how to 

perform the protocol action. If revisions cause a step to have more than 2-3 actions and 4 

sentences per step, please split into separate steps or substeps. 

 

 This has been addressed when applicable  

 

Specific Protocol steps: 

1. 2.3: It isn’t clear what ‘Fluo’ is supposed to be. 

 

 Fluo. (Fluorescence recovery)  

 

2. 5: Please include more detail about these analysis steps (e.g., specific menu options) if they 

are to be filmed. 

 

 More details have been added as suggested  

 

References: 

1. Please do not abbreviate journal titles. 

 



The journal titles are now full length  

 

Table of Materials: 

1. Please ensure the Table of Materials has information on all materials and equipment used, 

especially those mentioned in the Protocol. 

 

 The table is complete  

 

Reviewers' comments: 

Reviewer #1: 

Minor Concerns: 

1) The end of the abstract distracts a little bit from the theme of the article. The main theme 

and protocol is measuring lipid-protein interactions but the end of the abstract goes into 

determine IC50 and titrating in different ligands. This is a little confusing and tangential. 

 

 The abstract has been modified to be less confusing  

 

2) page 3 line 90-91 needs to rewritten 

 

 These lines have been rewritten  

 

3) page 3 line 96-98 the authors may want to clarify use of resources (based upon protein 

abundance, etc. as each purified protein would be expected to be different). 

 

 This is now clarified  

 

4) page 4 line 150: store on at 4C? Needs clarification. 

 

 Fluo. (Fluorescence recovery)  

 

5) page 5 lines 179-182: run on sentence. Needs to be rewritten 

 

 This has been rewritten  

 

6) page 8 line 248: the error has two significant figures. Should likely be 887 +/- 170 or 890 +/- 

170 

 

 The significant figures have been changed as suggested 



 

7) page 8 line 266: these types of reagents needs clarification? What type of reagents are the 

authors referring to in this sentence? 

 

 We now clarify that pluronic and tween were used  

 

8) For the discussion: are there any concerns of nonspecific binding signal in this assay for lipid-

protein interactions? 

 

We now discuss that non-specific binding can be reduce by adding BSA or increasing salt 

concentrations.  

 

9) The authors mainly have monitored protein-lipid interactions with soluble lipid, presumably 

below the CMC of the lipid. Are there any references or additions to discussion that can be 

added for measuring vesicle binding compared to soluble lipid? 

 

The CMC value for diC8 phosphoinositides is >3mM. Thus, the concentrations used here 

are well below the CMC. We now include a reference that describes the partitioning of 

short chain phosphoinositides (Collins and Gordon, 2013, Biophysical Journal 105:2485-

2494). 

 

10) In the discussion, the authors refer to a manuscript by Gillooly et al. that determined the 

FYVE domain membrane affinity at ~50 nM. They may also want to cite work that determined 

similar affinity of the HRS FYVE for PI3P containing membranes (Stahelin et al. 2002 J. Biol. 

Chem., Blatner et al. 2004 J. Biol. Chem.) as well as the fact that these published works support 

the mechanisms the authors propose in lines 255-257 (that membrane affinity for PI3P is 

tighter than just the PI3P headgroup binding). 

 

These references have been added.  

 

 

Reviewer #2: 

Major Concerns: 

I have two major concerns with this manuscript. 

1) The procedures described are overall complete standard and familiar to everyone who uses 

MST. The level does not go beyond anything that a first time user will be taught by the 

instrument administrator during the introduction. So it is really hard to see the additional value 

provided by this article, compared to the instrument manual and various application notes. 



Also, the complexity of the tasks involved is such that they do not warrant, in my view, the 

production of a video. But I leave this decision to the editor. 

 

We understand the reviewer’s skepticism about the merits of a video. That said, we are 

constantly asked to show people how to do it, even though the instructions are in the 

manual. Unfortunately, analyzing the T-jump + Thermophoresis uses a proprietary 

algorithm, which is not available in the standard equipment set up. However, we can 

show the difference between the thermophoresis, T-jump and T-jump + thermophoresis 

in the video.  We can also show the difference in binding of FYVE to PI3P short chain v. 

liposomes in the video. Moreover, it would be difficult and space consuming to show 

the output of all 3 as thermophoresis and T-jump can be changed manually to different 

time points, which can be easily shown in a video, but extraordinarily difficult to do in a 

paper. Thus, we chose to use the preset of T-jump + thermophoresis for the paper. 

 

 

 

2) The preparation of the samples needs to be described in more detail. In particular, absolutely 

nothing at all is said about the preparation of the lipid sample. In what form are the lipid 

molecules present? What is the solubility of this lipid in water? I can't imagine that the lipid will 

be present as a molecular solution at the highest concentrations employed. How is it dissolved 

etc? A study that would present additional value for the reader would for example involve the 

comparison of the binding to liposomes and to lipids with are in a non-membrane form, as 

here. 

 

 This is now included on lines 169-170  

 

Minor Concerns: 

The binding curves should be shown and analysed with the various different ways of extracting 

the data from the MST curves, i.e. T-jump, thermophoresis and T-jump+thermophoresis. It 

should be discussed in what way they differ and which is the recommended way. 

 

In Figure 1, T-jump, Thermophoresis, and Initial Fluorescence are indicated.   We 

describe the differences in the text and in the Figure Legends.  T-jump + Thermophoresis 

is what we used for Figure 2 and Figure 3 and we show how to transform the data using 

a sigmoidal binding curve.  Unfortunately, analyzing the T-jump + Thermophoresis uses 

a proprietary algorithm, which is not available in the standard equipment set up. 

However, we can show the difference between the thermophoresis, T-jump and T-jump 

+ thermophoresis in the video.  We can also show the difference in binding of FYVE to 



PI3P short chain v. liposomes in the video. Moreover, it would be difficult and space 

consuming to show the output of all 3 as thermophoresis and T-jump can be changed 

manually to different time points, which can be easily shown in a video, but 

extraordinarily difficult to do in a paper. Thus, we chose to use the preset of T-jump + 

thermophoresis for the paper. 

 

 

Also the manuscript has poor language in places and needs some editing. 

 

 The manuscript has been carefully edited to remove poor language 

 

 

  

 


