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1. Experiment Design 

 

 

 

 

1.1. General Considerations 

 

 

 

The Monolith systems measure equilibrium 

binding constants between a variety of 

molecules, with almost no restriction to 

molecular mass.  

Although the system is easy to handle, it is 

recommended to follow this guide when using 

the instrument for the first time. This guide is 

designed to help you obtain reliable results as 

quickly as possible.  

MicroScale Thermophoresis (MST) is a 

method that uses very small quantities and 

volumes of material. Only 4 µl of your sample 

are needed to fill a capillary. However, to 

ensure optimal results, please follow the 

following rules: 

 Do not prepare less than 20 µl of sample, 
as this will increase the likelihood of 
encountering problems due to 
evaporation, sticking of sample material to 
the plastic micro reaction tubes and higher 
pipetting errors.  

 Do not prepare small volumes (e.g. 20 µl) 
in large micro reaction tubes (e.g. 500 µl or 
more). The high surface area-to-volume 
ratio can lead to surface adsorption even 
for well-behaved proteins. Always use the 
smallest micro reaction tubes possible 
(e.g. PCR tubes) or low volume cone-
shaped micro well plates.  

 Always spin down the stocks you are using 
(labeled and unlabeled molecules for 
5 min at 13,000 rpm). This will remove 
large aggregates, which is a main source 
of noise. 

Note: If your protein sticks to surfaces, you may 

use detergent, additives like BSA, or low binding 

reaction tubes to stabilize the samples.  
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1.2. Concentration of the 

Fluorescent Molecule 

 

 

Figure 1: Fluorescence signal too low. Increase the LED 

power or concentration of labeled molecule. 

 

 

Figure 2: Fluorescence signal too high. Decrease the 

LED power or concentration of labeled molecule. 

 

Figure 3: Fluorescence intensity is optimal between 200 

and 1500 counts. 

 

 

 

 

 

Before starting, ensure that you are using the 

optimal concentration of the fluorescent 

molecule. 

 

 

1. Dilute the fluorescent molecule to 10-
50 nM. 

2. Load the sample into a single standard 
treated capillary. 

3. Perform a Cap Scan with 20 % LED power. 
4. Adjust the concentration and/or the LED 

power to yield fluorescence intensities 
between 200 and 1,500 fluorescence 
counts.  

5. As long as the following conditions are met, 
it doesn’t matter whether you vary the 
concentration or the LED power: 

 The fluorescence signal is within the 
above range and is stable, and 

 the concentration of the fluorescent 
molecule is on the order of the Kd or 
below.  

 

 

Note: The LED power should be varied between 

5 % and 95 % only. 

Note: To accurately determine a Kd, the 

concentration of the labeled molecule should be in 

the order of the Kd or below. This is true even for 

high affinity interactions (Kd < 10 nM). If the Kd is 

lower than the detection limit of the dye you are 

using, use the lowest possible concentration of the 

labeled molecule which gives you 

200 fluorescence counts with 95 % LED power. 

Once your assay is established and you are 

familiar with the instrument you can also test the 

system with 100-200 fluorescence counts. 
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1.3. Capillary Type Check 

 

 

Figure 4: No adsorption. Symmetrical fluorescence 

peak. You can use this capillary type for experiments. 

 

Figure 5: Slight adsorption. Shoulders in fluorescence 

peak. Please note that it might take 5 minutes to observe 
an obvious sticking effect. If you are not sure, repeat the 
scan after 5 to 15 minutes or after the MST 
measurement. 

 

Figure 6: Strong adsorption. Shoulders in 

fluorescence peak increase. You MUST test other 
capillary types or improve the buffer composition (see 
step 1.4). 

 

Figure 7: Very strong adsorption. A clear double 

fluorescence peak appears. You MUST test other 
capillary types or improve the buffer composition. You 
can learn more how to find the best buffer in step 1.4. 

 

 

 

IMPORTANT: Some molecules adsorb to the inner 

surface of capillaries, resulting in an MST signal of 

poor quality. NanoTemper Technologies offers 

different types of covalently polymer-coated 

capillaries to avoid any unspecific adsorption to the 

glass surfaces. NanoTemper Technologies also 

offers a Capillary Selection Kit, which contains all 

important capillary types. For more information visit 

our homepage (www.nanotemper-

technologies.com).  

To test the best capillary type, perform the 

following steps: 

1. Prepare 120 µl of the labeled molecule at 
the concentration you want to use in the 
assay (determined in 1.2). 

2. Fill four standard treated capillaries, and 
four coated capillaries of each type with 
the sample from step 1.  

3. Put these 12 capillaries on the tray, insert 
it into the instrument and start a capillary 
scan using the LED settings determined in 
1.2.  

Note: The capillary scan starts at the back of the 

tray. Take this into account when you choose the 

type of capillary for your experiment. The graphs 

show examples of stable and adsorbed samples. 

4. If the fluorescence peaks of the scan are 

narrow, shoulder-free, regular, and 

symmetrical, you can use these capillaries 

and go on to the next step. 

Note: In the unlikely event that the sample is 

adsorbing to all types of capillaries, different buffers 

can be tested (e.g. containing detergent, BSA, 

casein or other additives). Buffer conditions can 

also be improved by adjusting pH and ionic 

strength. 

 

http://www.nanotemper-technologies.com/
http://www.nanotemper-technologies.com/
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1.4. Noise Level Determination 

and Buffer Optimization 

 

 

How to test the optimal buffer composition: 
1. Prepare 120 µl each of the fluorescent 

molecule in  

 Assay buffer 

 Assay buffer supplemented with 
0.05 % Tween-20 and 

 MST optimized buffer [50 mM Tris-HCl 
pH 7.4, 150 mM NaCl, 10 mM MgCl2, 
0.05 % Tween-20]  

 and/or alternatively any other buffer to 
be tested 

2. Fill 4 Standard Treated capillaries each 
with the sample from Step 1. 

3. Put the capillaries into the tray, and start 
an MST measurement using the LED 
power you determined in 1.2 to obtain 
200-1,500 units and 40 % MST power.  

4. Load the results in the MO.Affinity 
Analysis software.  

5. The resulting time traces should overlap 
perfectly when using an optimal buffer. 
Choose the buffer conditions that result in 
the lowest noise level (= least variation 
between capillaries). 

 
Note: In many cases detergents (e.g. 0.05 % 
Tween or 0.1 % Pluronic F-127) strongly improve 
the homogeneity of the sample. A centrifugation 
step (13,000 rpm for 5 min) to remove aggregates 
can also help improve sample quality. 
 
Note: Standard buffer recommendation: MST 
optimized buffer: 50 mM Tris pH 7.4, 150 mM 
NaCl, 10 mM MgCl2, 0.05 % Tween-20 or 0.1 % 
Pluronic F-127. If no improvement is observed 
using this buffer, buffer conditions can be improved 
by adjusting pH and ionic strength. Also test 
different buffers such as HEPES, Tris or phosphate 
buffers considering the buffer capacity at different 
pH values. Different buffer additives or co-factors 
can also lower noise levels. Choose the buffer that 
gives the best signal-to-noise ratio. 
 
Note: If you need to use a reducing agent, we 
recommend DTT or β-mercaptoethanol. TCEP can 
also be used, but may in some cases reduce 
reproducibility. Be aware that all reducing agents 
need to be added freshly to the buffer for optimal 
activity. Also, be aware that high concentrations of 
these reducing agents may interfere with protein 
concentration determination, since they all absorb 
light at 280 nm to a very small degree. 
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1.5. Concentration of the Ligand 

 

 

 

 

 

Figure 8: Use the “Concentration Finder” tool in order to 

design your MST experiments. 

 

 

 

 

 

 

 

 

Our “Concentration Finder” tool (available 

within the MO.Control software and on our 

website, www.nanotemper-technologies.com) 

simulates binding curves for defined affinities 

and concentrations and thus will help you 

choose optimal concentrations for your 

binding experiment. Select the expected Kd 

range and the tool will suggest optimal 

concentrations for both the fluorescent 

molecule and the ligand. 

 

The concentration of the unlabeled molecule 

needs to be high enough to saturate the 

binding event. Thus, we recommend a 1:1 

dilution series of the ligand with 16 

concentrations, starting at a concentration 20-

fold above the expected Kd, but not below 

100 nM. 

 

Note: To accurately determine Kd values by fitting 

the binding curve, at least 3 data points are needed 

in both in the baseline and the saturation. 

Additionally, there should be several data points in 

the transition phase. Moreover, the binding curve 

should have a sigmoidal shape. The concentration 

of the unlabeled molecule defines the 

concentration window covered, thereby also 

determining the number of data points in baseline 

and saturation. The concentration of the labeled 

molecule, on the other hand, influences the shape 

of the binding curve.  
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2. Assay Setup 

 

 

 

 

Figure 9: Schematic overview how to prepare an MST 

experiment. 

 

 

Now you are ready to start the MST 

experiment.  

1. Prepare 16 small micro reaction tubes. 

Tubes with a volume of 200 µl or less are 

recommended. Label them 1 through 16. 

2. Transfer 20 µl of the highest ligand 

concentration (determined in 1.5) into 

tube 1. 

Note: The ligand will be diluted 1:1 with the 

fluorescent target (Step 6), so the final ligand 

concentration will be half of the stock 

concentration.  

3. Fill 10 µl of the optimal assay buffer into 

tubes 2 to 16.  

Note: Avoid any buffer dilution effects. The buffer 

in tube 1 and the buffer in tubes 2-16 must be the 

same. If there is a gradient of salt, DMSO, glycerol 

or other additives, it will interfere with the results 

obtained from the MST measurement. 

4. Transfer 10 µl of tube 1 to tube 2 and mix 

very well by pipetting up and down several 

times. Transfer 10 µl of tube 2 to tube 3 

and mix the same way. Continue until you 

reach tube 16 to obtain a serial dilution. 

Remove 10 µl from tube 16 after mixing. 

Note: In order to avoid bubbles or droplets etc. we 

recommend to carefully pipet up and down several 

times and not to vortex these small volumes, which 

may also lead to denaturation of protein or sample. 

5. Add 10 µl of fluorescently labeled 

molecule (at double the concentration 

determined in 1.2) to the 10 µl of the serial 

ligand dilution and mix well by pipetting up 

and down several times.  

6. Incubate at conditions of your choice 
before loading into the capillaries. In most 
cases 5 min incubation at room 
temperature is sufficient.  
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3. Data Inspection 

 

 

 

 

3.1. Capillary Shape 

 

 

Figure 10: No adsorption to capillaries. Symmetrical 

fluorescence peaks confirm no adsorption to capillary 
walls and good sample quality. You can use this 
condition for further experiments. 

 

 

Figure 11: Adsorption to capillaries. Shoulders and 

clear double peaks indicate adsorption to capillary walls. 
These conditions are not suitable for binding 
experiments and need to be optimized. 

 
The MO.Affinity Analysis software provides all 

tools to survey and analyze MST data. Please 

refer to the MO.Affinity Analysis Software 

Manual for more details.  

 
This section guides you through data analysis 

and evaluation. In addition, it explains how to 

judge data quality and therefore accomplish 

straightforward assay optimization, and how to 

carry out important controls. 

 
 
The “Capillary Shape” is the first parameter 

that should be checked.  

If the fluorescence peaks are symmetrical 

and overlapping, you can proceed to the 

next step. 

Fluorescence peaks that are not 

overlapping (see Figure 11) indicate 

adsorption of the molecules to the 

capillaries. A different type of capillary 

should be tested and buffer conditions 

optimized (see chapter 1.3). 

 
IMPORTANT: If molecules adsorb to the 

surface of capillaries, the resulting binding 

curve cannot be used! 
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3.2. Initial Fluorescence  

 
 
 
 
 

 

Figure 12: Random fluorescence changes. The 

fluorescence intensity should not vary more than ± 10 % 
throughout the whole serial dilution. 

 
 
 

 
 
 
 
 
The second essential parameter that needs to 

be analyzed is the “Initial Fluorescence” 

intensity. The fluorescence should be identical 

in all capillaries since the same amount of 

fluorescent molecule was added to each 

capillary. Variations in the fluorescence 

intensity can be accepted in a range of ± 10 %.  

 
What are the reasons for random fluctuations 

of the fluorescence intensities?  

 Poor sample quality 
The buffer is not optimal for the protein, 
leading to slight aggregates, to varying 
amount of sample (material might be lost 
during sample preparation due to 
adsorption to pipet tips and plastic tubes) 
or partial unfolding. 
Optimize the assay buffer by adding 
passivating detergents such as 0.05 % 
Tween-20 or 0.1 % Pluronic F-127. Buffer 
pH, ionic strength, etc. can also be varied 
to ensure sample stability. Please also 
refer to chapter 1.4. 
 

 Poor mixing and/or pipetting  
Make sure that pipettes are working 
properly.  
Mix samples thoroughly by pipetting 
several times up and down with at least 
half of the total volume. 

 
Note: Random fluorescence changes will 
decrease the signal-to-noise ratio of your binding 
curve.  
 
IMPORTANT: Do not use the data to determine a 
binding affinity if random fluorescence changes of 
more than ± 10 % are observed! Since in this case 
the actual sample concentrations deviate from the 
calculated values, the binding affinity cannot be 
determined accurately. 
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Figure 13: Flow chart Data Analysis. 

 

 
 
 
Typically, MST data is used to derive a binding 

affinity. However, in rare cases data from 

fluorescence quenching/enhancement needs 

to be evaluated instead. 

To select the appropriate evaluation mode, 

please proceed with the following steps in the 

given order: 

1. Fluorescence Quenching or 
Enhancement 
Select the tab "Initial Fluorescence" in the 
Raw Data Inspection of the MO.Affinity 
Analysis software. If the fluorescence 
changes with the concentration of the 
ligand, please go to chapter 5.2. 

2. MST Data Analysis 
MST data can only be considered for 
determination of the binding affinity if no 
ligand-dependent fluorescence changes 
AND no ligand-dependent photobleaching 
are observed. Only if both scenarios can 
be excluded, please go to chapter 4 to 
analyze MST data. 
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4. MST Data Analysis 

 
 

 
 
 
 
 
 

 
 

 

Figure 14: The MST amplitude should be significantly 

higher than the noise in the baseline and the saturation. 

 
 
 

 

Figure 15: Determination of the signal-to-noise ratio. 

 
 
 

 
 
 
 
 
Now the MicroScale Thermophoresis signal 

can be analyzed.  

Please refer to the MO.Affinity Analysis 

Software Manual for more details on data 

analysis and curve fitting. 

To derive a binding curve from the MST 

traces, the fluorescence ratio before and after 

heating is calculated and plotted against the 

ligand concentration. A sigmoidal dose-

response curve should be obtained and can 

be used to determine the binding affinity of the 

interaction.  

 
IMPORTANT: It is highly recommended to perform 
MST measurements both with 20 % and 40 % MST 
power to get the best signal-to-noise ratio. Always 
choose the lowest possible laser power for your 
analysis that gives a good signal-to-noise ratio. 
 
IMPORTANT: If a binding curve is not obtained 
with 20 % and 40 % MST power, use 60 % and 
80 % MST power. 
 
IMPORTANT: In order to obtain reliable results 
from the analysis of the MST signal, it is essential 
to check the quality of the MST data. The following 
rules need to be considered to assess MST data 
quality: 

 A signal should have more than 5 response 
units amplitude (amplitude = difference 
between bound and unbound state). 

 The baseline noise should be at least 3 times 
less than the amplitude. 

 The fluorescence intensities should not vary 
more than 10 % throughout the whole serial 
dilution (see 3.2). 

 
Approaches to optimize the signal-to-noise 
ratio are described in chapter 1.4. 
 
  



 
 

13 
 

 

 

5. Additional 
Information 

 
 

5.1. Assay Optimization 

Strategies 

 
 
 
 

 

Figure 16: MST measurement with aggregated 
sample: The sample quality is very poor. The 

inhomogenity of sample is clearly seen by the 
“bumpyness” of the MST curves (aggregates). 

 

 

 

Figure 17: MST measurement after optimization. The 

sample quality is very good. There are no “bumps” in the 
curves. The interaction is nicely observed. 

 
Note: The sample shown in Figure 16 and Figure 17 is 
the same. The measurement in Figure 17 was performed 
after a centrifugation step (13,000 rpm for 5 min) and in 
MST Premium Coated capillaries. 

 

 
 
 
 
 
Good quality and homogeneity of the samples 

is a prerequisite for obtaining reliable and 

reproducible MST results.  Therefore, make 

sure to work in optimal buffer conditions that fit 

the needs of the protein(s), and to use the type 

of capillaries that work best for the interaction 

of being tested. NanoTemper Technologies 

offers Standard Treated as well as different 

types of coated capillaries. 

 
For MST measurements, only 4 µl of your 

sample are needed to fill a capillary. However, 

to ensure optimal results, please follow the 

following rules: 

 

 Never use less than 20 µl of working 
volume. Lower sample volumes increase 
the likelihood of problems due to 
evaporation, sticking of sample material to 
the tubes and larger pipetting errors.  

 Always spin down the stocks of both the 
labeled and the unlabeled molecule (5 min, 
13,000 rpm). This will remove large 
aggregates, which is one of the main 
sources for noise. 

 
 
 
“Bumps” in or crossing of MST curves 

indicates aggregates in the samples (Figure 

16). Therefore, to optimize the interaction 

assay, spin down the sample stocks 

(13,000 rpm for 5 min) and supplement your 

assay buffer with detergent (e.g. 0.05 % 

Tween-20 or 0.1 % Pluronic F-127). Other 

ways of improving sample quality include 

using coated capillaries in order to keep the 

interaction partners of interest stable in 

solution. 
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5.2. Alternative Data Evaluation: 

Fluorescence Quenching or 

Enhancement 

 
 
 
 

 

Figure 18: Ligand-dependent fluorescence changes: 

the fluorescence intensity decreases (upper panel) or 
increases (lower panel) with increasing concentrations of 
the ligand. 

 
 

 
The fluorescence should be identical in all 

capillaries since the same amount of 

fluorescent molecule was added to each 

capillary.  

 
What are the reasons for a ligand-dependent 
change in fluorescence? 
1. Nonspecific adsorption to capillaries  
2. Nonspecific adsorption to tube walls 
3. Aggregation of the fluorescent 

molecule upon addition of the ligand 
4. Quenching or enhancement of the 

fluorescence yield upon binding 
 
IMPORTANT: Fluorescence changes will induce 
changes in the MST signal and thus will give false-
positive signals. If there are any fluorescence 
changes, do not use the MST signal! 
 
IMPORTANT: Fluorescence changes due to 
material loss (adsorption or aggregation) need to 
be ruled out to be able to determine binding 
affinities by any evaluation mode.  
 
Note: If sample is lost, the actual concentrations in 
the measurement will deviate from the theoretical 
concentrations employed for calculating the 
affinity. Thus, a Kd value cannot be determined 
from these data! 

 
1. Nonspecific adsorption to capillaries 

Adsorption of molecules to the capillaries 
can be observed by irregularities in the 
peak shape and non-overlapping capillary 
shapes. It leads to an immobilization of 
sample and thus a diminished sample 
concentration present in solution.  
NanoTemper Technologies provides 
coated capillaries to avoid nonspecific 
adsorption to the capillary walls. Please 
refer to chapter 1.3 for further information 
on assay optimization. 

2. Nonspecific adsorption to tube walls  
and 

3. Aggregation of the fluorescent 
molecule upon addition of the ligand 
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SD-Test 
 
 
 
 
 
 

 
 

Figure 19: Pipetting scheme how to perform the SD-
test to discriminate between ligand-induced quenching 

and sample loss due to aggregation/ surface adsorption. 

 
 

 
 
 
To rule out any material loss caused by 

nonspecific adsorption to tube walls or due to 

aggregation, please perform the SDS-

denaturation (SD)-test as described. 

 
 Centrifuge samples corresponding to 

high and low ligand concentrations for 
at least 10 min at ≥15,000 g  

 
Note: We recommend performing the SD-test for 
the 3 lowest and 3 highest ligand concentrations 
(tubes 1-3 and 14-16). More data points will provide 
more confidence and reliability of the SD-test. 

 
 Prepare six tubes, each containing 10 µl 

of a 2 x SD mix (4 % SDS, 40 mM DTT). 

 Carefully remove 10 µl of supernatant* 

from assay tubes 1-3 and 14-16 and 

transfer to the tubes containing the SD-

mix. Mix well. Incubate for 5 minutes at 

95 °C to denature the samples. 

 Briefly centrifuge the tubes to ensure all 

the sample is at the bottom of the tube. 

 Fill all samples into 2 standard 

capillaries each and measure the 

fluorescence intensity. 

 

Note: It is essential to ensure that none of the pellet 

after centrifuging is transferred to the tubes with SD-

mix. If the pellet is disturbed, centrifuge again for at 

least 10 min at ≥15,000 g.  

Note: The SD test cannot be performed with 

samples containing potassium (200 mM or more) 

because the SDS will precipitate. 

*Note: If less than 10 µl remains, use equal volumes 

of supernatant and SD-mix for the test. 
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Figure 20: Interpretation of the SD test. 
Specific, ligand-induced fluorescence change: 

Fluorescence intensity of the fluorescent molecule is 
reduced upon ligand binding. Denaturation of sample 
by the SD-mix identifies fluorescence loss as 
specific, ligand-induced quenching.  

Fluorescence change due to loss of fluorescent 
molecule: Fluorescence intensity is reduced upon 

unspecific adsorption. Denaturation of the sample by 
the SD-mix identifies fluorescence loss as material 
loss due to aggregation or unspecific adsorption to 
the plastics. 

 
 

 
 
 
 
 
 
If there is still a difference in fluorescence 

intensity after the SD-test for low and high 

ligand concentrations, material was lost either 

by aggregation and subsequent centrifugation 

or by nonspecific adsorption to the plastics. 

Please refer to chapter 5.1 to optimize the 

assay conditions to prevent aggregation.  

Detergent and low binding tubes can help to 

avoid sticking of molecules to tube walls. 

 
If the fluorescence intensities for all samples 

(corresponding to low and high ligand 

concentrations) are identical after the SD-test, 

it can be concluded that the previously 

observed fluorescence changes were induced 

by a binding event. The denaturation process 

abrogates the binding of the ligand to the 

fluorescent molecule, thus its fluorescence is 

restored by denaturation. Please proceed with 

the next steps in this chapter to determine the 

binding affinity directly from binding-related 

fluorescence changes.  
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Figure 21: The fluorescence intensity decreases with 

increasing concentrations of the ligand. Material loss 
was ruled out by the SD-test (Figure 19 and Figure 20). 
The fluorescence quenching signal can directly be used 
for affinity determination if essential controls have been 
performed. 

 
 

 
 
 
 
 
 
4. Fluorescence quenching or 
enhancement upon ligand binding 
Common sources of ligand-induced changes 

in fluorescence are quenching and stimulation 

of the fluorophore. This can result in strong 

changes in fluorescence upon biding of a 

ligand in close vicinity to the fluorophore, or 

upon the induction of structural changes of the 

molecule. The change in fluorescence 

intensity can thus be directly used to 

determine binding affinities.  

 
 
IMPORTANT: Only if other reasons (1-3) such as 
loss of material can be excluded and the 
fluorescence changes can be proven to be binding 
related, the fluorescence signal itself can be used 
to derive a Kd. 

 
 
The signal has to fulfill certain criteria to be 
suitable for deriving a binding constant:  
 

 Material loss and ligand absorption has 
to be ruled out by performing controls 
described above.  

 The signal needs to have a clear 
baseline and clear saturation. 

 
 
To evaluate the fluorescence intensity to 

derive a binding affinity, use an Initial 

Fluorescence Analysis Set in the MO.Affinity 

Analysis software. Please also contact your 

NanoTemper Technologies Customer Support 

for any questions. 
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NanoTemper Technologies GmbH 

 

Floessergasse 4 

81369 Munich 

Germany 

 

Phone: +49 (0)89 4522895 0 

Fax: +49 (0)89 4522895 60 

 

info@nanotemper-technologies.com 

http://www.nanotemper-technologies.com 
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