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Differential Scanning Fluorimetry

72/100 samples
96 ul samples
10-40 uM

Solubility
Turbidity
Aggregation
Fluorescence
Absorbance

SYPRO Orange, Mol. Probes,
Steinberg et al Anal. Biochem. 1996
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Hydrophobic interfaces



Setting up a Thermofluor experiment

Seal the PCR-plate 
with an optical clear lid

96-well PCR-plate with 21 µl solution per well

+4 C

MyIQ RT-PCR
Gradient 5°C to 95°C (1°C/ min)
Ex 485/20X; Em 530/30X
˜  2 h

SYPRO Orange  
5000X DMSO-solution

80 µl of working 
dye-solution 62.5X

79 µl of water + 1 µl 
of SYPRO Orange

˜ 20 µM 
protein solution

36 x 2 µl 36 x 2 µl

+4 C

+4 C

+4 C

export data

Data processing
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The 36-well Thermofluor screen

1 2 3 4 5 6

A water (ctrl) 10mM Hepes pH 7.5 50mM Hepes pH 7.5 100mM Hepes pH 7.5 150mM Hepes pH 
7.5

250mM Hepes pH 
7.5

B 50mM NaCl,
50mM Hepes pH 7.5 

100mM NaCl,
50mM Hepes pH 7.5 

250mM NaCl,
50mM Hepes pH 7.5 

500mM NaCl,
50mM Hepes pH 7.5 

750mM NaCl,
50mM Hepes pH 7.5 

1000mM NaCl,
50mM Hepes pH 7.5 

C 100mM Magic Buffer 
pH 4.0

100mM Magic Buffer 
pH 5.0

100mM Magic Buffer 
pH 6.0

100mM Magic Buffer 
pH 7.0

100mM Magic Buffer 
pH 8.0

100mM Magic Buffer 
pH 9.0

D 100mM MES 
pH 6.0

100mM Bis-Tris
pH 6.5

100mM Na Phosphate 
pH 7.0

100mM PBS 
pH 7.4

100mM Tris-HCl
pH 7.5

100mM Bicine
pH 8.0

E 100mM imidazole,
50mM Hepes pH 7.5 

250mM imidazole,
50mM Hepes pH 7.5

500mM imidazole, 
50mM Hepes pH 7.5

5% (v/v) glycerol,
50mM Hepes pH 7.5

10% (v/v) glycerol,
50mM Hepes pH 7.5

15% (v/v) glycerol,
50mM Hepes pH 7.5

F 100mM KCl,
50mM Hepes pH 7.5

100mM NH4Cl,
50mM Hepes pH 7.5

100mM LiCl,
50mM Hepes pH 7.5

10mM MgCl2,
50mM Hepes pH 7.5

10mM CaCl2,
50mM Hepes pH 7.5

1mM EDTA,
50mM Hepes pH 7.5

“Magic Buffer” = Succinic Acid / NaHepes / Glycine [2:7:7]



Principle of Thermofluor



capacity to bind ANS, suggesting the formation of solvent
accessible hydrophobic sites. Thus, a substantial conforma-
tional change takes place within a physiological range of
pH that causes the protein to expose new regions to the
solvent. Considering the broad range of proposed cellular
partners for E7, one can speculate that subtle changes in cell
pH, or in any of its compartments, can have a dramatic effect
on the type of target proteins with which E7 interacts within
the cell. The cell nucleus is populated with histones and other

basic proteins, some of which are potential targets of E7,
including cellular transcription regulators. In this context,
the conformation or oligomerization state of the oncoprotein
will be largely dependent on the microenvironment where
the transcription related processes take place allowing for at
least some recognition selectivity. For example, the nuclear
and cytoplasmic environment is likely to change along the
differentiation process of the HPV infected epithelia, going
from basal cells to highly differentiated queratinocytes.
The well-known anomalous electrophoretic mobility of E7

in SDS-PAGE (24) was shown to be normalized by
mutation of asp4 to arginine. This rather drastic mutation is
otherwise based on sequence homology with low-risk HPV
strains (23). Sequence comparison of the most relevant strains
show that aspartic or glutamic residues are present in strain-
16 and a few other strains. The rest of the strains alternate
among either arginine, lysine, and asparagine, and several
display a proline residue, including the high-risk HPV-18.
This position could be key in the determination of stability,
and this could not only influence its structure but its
hydrodynamic properties.
The anomalous electrophoretic behavior can be explained

by persistent structure, since it was shown to be resistant to

FIGURE 5: Dependence of E7 GdmCl denaturation on protein concentration and thermal stability of the different species. (A) Molar ellipticity
at 220 nm of E7 at 10 µM, solid circles and at 1.5 µM, open circles, as function of GdmCl concentration (see experimental procedures).
(B) Thermal denaturation of 10 µM E72 monitored by changes in molar ellipticity at 220 nm. Open circles, 0 M GdmCl; closed triangles,
0.3 M GdmCl; closed circles, 2.5 M GdmCl.

FIGURE 6: Amide and aromatic region of 1D proton spectra of E72
at different guanidine chloride concentrations. The spectra were
obtained in a Bruker DRX 600 at 398 K. GdmCl was added, and
the 1D proton spectra were obtained after 2 h. Top, 0 M, middle,
0.3 M, and bottom, 0.7M GdmCl. Arrows indicate some isolated
peaks that resolve better as the denaturant increases.

FIGURE 7: ANS binding of E7 after the GdmCl-induced confor-
mational transition at the diferent denaturant concentrations indi-
cated.

10516 Biochemistry, Vol. 41, No. 33, 2002 Alonso et al.

Alonso LG1, García-Alai MM, Nadra AD, Lapeña AN, Almeida FL, Gualfetti P, Prat-Gay GD. Biochemistry. 2002 Aug 
20;41(33):10510-8.

8-anilino, 1-naphthalene sulfonate

ANS fluorescent properties will change as it binds to 
hydrophobic regions on the protein surface



Sypro Orange fluorescent properties will change as it binds to 
hydrophobic regions on the protein surface

∼1ul per plate



Curve shape and transition



Curve shape – trouble shooting
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What do you think about this?



Normalization of the data

Fraction	unfolded	= [𝐼𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 	−	𝐼𝑚𝑖𝑛 ]
[𝐼𝑚𝑎𝑥 −	𝐼𝑚𝑖𝑛 ]
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Typical effect of imidazole



What to do with the His6-tag?



What happens with our “unfolding reporters” in the 
presence of detergents?

+ =
ANS, Sypro, etc.



APJ Receptor Stability: Effect of Additives
Small molecule ligands and additives represent a diverse group
of compounds that interact with proteins: salts, sugars, deter-
gents, organics, and cofactors, and are known to affect the bio-
physical properties of proteins. We tested the effects of dozens
of additives from the commercially available additive screen
(Hampton Research) on APJ receptor stability. In general, addi-
tives were diluted 10-fold from the supplied stocks. Results ob-
tained with a subset of the compounds, mostly sugars and salts,
are presented in Figure 3A. The unfolding profiles illustrate the
commonly observed changes in the melting transitions of the
APJ receptor relative to our standard condition (400 mM NaCl,
10% glycerol, 20 mM HEPES [pH 7.5], 0.1% DDM). Salt additives
at low concentration (!100 mM) appear to influence the Tm of the
APJ receptor in two different ways. In the case of sodium citrate,
the onset of the melting transition remains the same as that of the
reference sample, yet the maximum fluorescent intensity (repre-
senting the end of the unfolding process) is higher than the refer-
ence. In the case of sodium malonate, the onset of the melting
transition is moved to higher temperatures, with an additional
upward shift in the upper plateau of the melting curve. In both
cases, however, the calculated Tm is shifted to higher tempera-
tures. One possible explanation is that sodium citrate may simply
be suppressing the aggregation of the unfolded protein, rather
than having a true stabilizing effect. In the case of sugars, with
the exception of sucrose, the melting profile of the APJ receptor
is mostly unaffected. However, a small but consistent increase in
the maximum of the fluorescent signal is observed. Additionally,
glycerol was identified as an additive which stabilizes the de-
tergent-solubilized APJ receptor in a concentration-dependent
manner (Figure 3B).

APJ Receptor Stability: Effect of Detergents
and Small-Molecule Amphiphiles
Specifically for membrane proteins, identification of surfactants
is very important, since the chemical nature of the detergents

can exert a profound effect on the stability of the PDC (Odahara,
2004). We used the CPM method to characterize the stability of
the APJ receptor in various detergents as well as in the presence
of small-molecule amphiphiles. APJ receptor samples were
diluted 20-fold in buffer containing the indicated concentration
of a tested detergent, incubated on ice for 20 min to allow
exchange of detergents, and heated in the presence of CPM
(Figure 4A). Detergents with a high critical micelle concentration
(CMC) were used at!1–2 times their CMC, while detergents with
a low CMC were present at 0.1%. We observed that all of the
tested detergents were less stabilizing than DDM. This result
was not unexpected, as similar trends have been observed for
other membrane proteins such as rhodopsin (De Grip, 1982), lac-
tose permease (Engel et al., 2002), and diacyl glycerol kinase
(Zhou and Bowie, 2000). Interestingly, LDAO, which has a low
CMC and an alkyl chain similar to DDM, is highly destabilizing
with respect to the APJ receptor, possibly due to its zwitterionic
nature (Michel, 1983). While maltoside detergents are usually
mild and are able to maintain the stability of proteins, they also
form large micelles, a property that could hinder crystallization
(Michel, 1983). Small-molecule amphiphiles have been used to
effectively reduce the size of the detergent micelles (Gast
et al., 1994; Rosenow et al., 2001). Thus, we tested the effect
of alkane polyols on the apparent stability of DDM-solubilized
APJ receptor. The results for 1-methyl-2,4-pentadiol, 1,2,3-hep-
tanetriol, 1,2-hexanediol, and 1,6-hexanediol are presented in
Figure 4B. The addition of any of the four polyols rendered the
APJ receptor more susceptible to modification with CPM at
lower temperatures than DDM alone.

DISCUSSION

The proposed fluorescent assay extends the array of available
biochemical tools for analysis of membrane protein stability.
The CPM stability assay has several important advantages
over existing methods. It is highly sensitive, with less than 10 mg

Figure 2. Effects of Solution Variables on
APJ Receptor Thermal Stability
(A) Effect of NaCl on APJ receptor thermal stability.

Representative melting curves of 10 mg APJ

receptor in 0.1% DDM in buffer (20 mM HEPES

[pH 7.5], 10% glycerol) containing 0.1, 0.2, 0.5,

and 1 M NaCl. Calculated Tm values in order of in-

creasing salt concentration are: 41"C, 43"C, 47"C,

and 51"C.

(B) Effects of salt type and concentration: a com-

posite plot of calculated Tm versus concentration

for various salts.

(C) Effect of buffer composition and pH: a compos-

ite plot of calculated Tm versus pH for various

buffer systems. All buffers were used at 100 mM.

Data points are means of at least duplicate, in

most case triplicate samples, with error bars indi-

cating SEM.

(D) Effect of pH on APJ receptor thermal stability.

Representative melting curve of 4 mg of APJ in

Na citrate buffers (100 mM Na citrate, 10% glyc-

erol and 400 mM NaCl) of various pH. Calculated

Tm values are: citrate pH 4.5, 52"C; pH 5.0,

51"C; pH 5.5, 50"C; pH 6.0, 50"C; and pH 6.5,

50"C.

Structure

Ways & Means

354 Structure 16, 351–359, March 2008 ª2008 Elsevier Ltd All rights reserved

• thiol-specific fluorochrome (CPM) 
• The screen uses the chemical reactivity of the 

native cysteines embedded in amphipathic 
helices as a sensor for the overall integrity of 
the folded state. 

• CPM is nonfluorescent in its unbound form 

What to do with membrane proteins?



Intrinsic Fluorescence



Principle behind the nanoDSF. Increasing temperature causes 
protein unfolding that can be assessed by monitoring changes 

of tryptophan fluorenscence at 330nm and 350nm wavelength.

nanoDSF
 

 

 

NanoTemper Technologies explores Protein Stability:  
Introducing the Prometheus NT.48 

 

November 25th, 2014 

In December 2014, NanoTemper Technologies launches a 
novel product line, the Prometheus Series instruments. 
With the Prometheus instruments, NanoTemper 
Technologies offers the nanoDSF technology for the easy, 
rapid and accurate analysis of protein folding and stability 
with applications in protein engineering, formulation 
development and quality control. 

 
nanoDSF is a groundbreaking technology with unmatched precision, speed and resolution. 
Since the Prometheus instrument does not require any fluorescent dyes, the measurement 
can also be performed in any buffer system, even in the presence of detergents. “This 
technology enables us to analyze the stability of membrane proteins and other difficult 
targets without any modification”, explains Dr. Stefan Duhr, CEO of NanoTemper 
Technologies.  

Enjoy the benefits of nanoDSF: 

► Native DSF:  
no dye, buffer & detergent independency 

► See more transitions:  
ultra-high resolution  

► Broad concentration range  
measure protein concentrations from 5 µg/ml to 150 mg/ml 

The Prometheus series of instruments provides the same benefits, customers appreciate in 
other products developed and offered by NanoTemper Technologies: 

► Low material consumption 
► Robust and maintenance-free device 
► Easy handling  

Dr. Neil Ferguson, group leader at the University College Dublin, has studied the folding and 
stability of thousands of proteins: “The Prometheus is an ideal workhorse for academic 
research involving large-scale protein engineering or stability measurements.” 

 
Enjoy the benefits of the Prometheus instrument yourself! For any details on our early-bird 
program, please contact Dr. Stefan Duhr. 

Download our Application Note to explore the performance of the Prometheus instrument! 
 

NanoTemper Technologies Prometheus NT.48



molecular interactions

Calculating the thermal unfolding transition midpoint (Tm)

Tryptophan is a common hydrophobic amino 

acid, mostly located in the hydrophobic core of 

proteins shielded from the aqueous 

solvent.  Upon unfolding, tryptophan is 

H[SRVHG�DQG�FKDQJHV��ĆUVWO\��LWVv�ćXRUHVFHQFH�

intensity, and secondly, its´ emission peak 

(blue or red shift).  

nanoDSF precisely detects the change of 

LQWULQVLF�WU\SWRSKDQ�ćXRUHVFHQFH�ZLWK�LWVv�GXDO�

UV-detection system at 330nm and 350nm 

wavelength as demonstrated in the image on 

the left.

5HFRUGLQJ�ćXRUHVFHQFH�DW����QP�DQG����QP�

allows the measurement of even minor diffe-

UHQFHV�LQ�ćXRUHVFHQFH�LQWHQVLW\�DQG�ćXRUH-

scence emission peaks, which are

 undetectable in a single wavelength measure-

ment as indicated in the image on the right.

Dual UV-detection system of the nanoDSF.�7KH�IROGHG�VWDWH�RI�D�SURWHLQ�SUHVHQWV�D�KLJKHU�WU\SWRSKDQ�ćXRUHVFHQFH�LQWHQVLW\�WKDQ�WKH�XQIROGHG�VWDWH��OHIW���
,QWULQVLF�WU\SWRSKDQ�ćXRUHVFHQFH�LV�PHDVXUHG�DW����QP�DQG����QP�ZDYHOHQJWK�DQG�SORWWHG�DJDLQVW�WKH�WHPSHUDWXUH�IURP�������r&��ULJKW���
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-Dual UV-detection system of the nanoDSF. The 
folded state of a protein presents a higher 
tryptophan fluorescence intensity than the 
unfolded state (left). Intrinsic tryptophan 
fluorescence is measured at 330nm and 350nm 
wavelength and plotted against the temperature 
from 15- 95°C (right).

The thermal unfolding transition midpoint (Tm)



How does the Prometheus work?

<<<<<<

<
15 - 95�C

³��«��:H�DUH�LPSUHVVHG�E\�WKH�ease of use of 1DQR7HPSHU¶V Prometheus NT.48 
instrument particularly the low sample consumption and the wide concentration range 
LW�FDQ�PHDVXUH�XQGHU��ZKLFK�PDNHV�WKH�3URPHWKHXV�DQ�LGHDO�WRRO�IRU�RXU�UHVHDUFK�´�
Dr. Werner W. Streicher, Senior Scientist, Novozymes A/S, Denmark

Ź Heat and read

from 15°C to 95°C and back

Heating rate: 0.1 to 7°C/min

Ź 0HDVXUH�FDSLOODULHV�ÄRQ�WKH�IO\³

within 3 seconds

Ź Little sample consumption

from 5 µg/ml to 250 mg/ml (IgG)

10 µl per capillary 



The thermal unfolding transition midpoint (Tm)molecular interactions

%\�SORWWLQJ�WKH�ćXRUHVFHQFH�UDWLR�RI�)��������DJDLQVW�

the temperature, even tiny differences become 

detectable (upper pannel). Furthermore, by 

DQDO\]LQJ�WKH�UDWLR��WKH�LQćXHQFH�RI�ćXRUHVFHQFH�

background (e.g. by compounds or co-factors) is 

negligible. 

$IWHU�SORWWLQJ�WKH�ćXRUHVFHQFH�UDWLR�DJDLQVW�WKH�

temperature, the melting temperature Tm is determined 

E\�ĆUVW�GHULYDWH�DQDO\VLV��ZKLFK�DFFXUDWHO\�GHVFULEHV�WKH�

thermal unfolding transition midpoint (lower pannel).

The protein given in the example possesses one 

unfolding transition point and the Tm is determined to 

be 79.1°C.

Calculating the thermal unfolding transition midpoint (Tm)

Example Tm measurement.�8SSHU�SDQHO��)��������ćXRUHVFHQFH�UDWLR�LQWHQVLW\�RI�LQWULQVLF�WU\S�
WRSKDQ�SORWWHG�DJDLQVW�WHPSHUDWXUH��/RZHU�SDQQHO��7P�FDOFXODWLRQ�E\�ĆUVW�GHULYDWH�DQDO\VHV�
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• After plotting the 
fluorescence ratio F330/350 
against the temperature, the 
melting temperature Tm is 
determined by first derivate 
analysis 

• The unfolding transition 
point and the Tm is 
determined to be 79.1°C.



Backreflection Optics
Backreflection Optics

Onset of
aggregation

³��«��7KH�PHWKRG�LV�very versatile due 
to fluorescence and aggregation 
optics, low sample consumption, 
concentration range and insensitivity 
WRZDUGV�PDQ\�EXIIHUV�DQG�H[FLSLHQWV�´�
Dr. Nikolai Lorenzen, Senior Scientist, Novo Nordisk 
A/S, Denmark

Backreflection Optics

Onset of
aggregation

³��«��7KH�PHWKRG�LV�very versatile due 
to fluorescence and aggregation 
optics, low sample consumption, 
concentration range and insensitivity 
WRZDUGV�PDQ\�EXIIHUV�DQG�H[FLSLHQWV�´�
Dr. Nikolai Lorenzen, Senior Scientist, Novo Nordisk 
A/S, Denmark



• Temperature range 
nanoDSF analyses are usually performed in a temperature gradient of 15 - 95°C, with a 
heating rate of 1°C per min. However, these settings can be adapted for the specific 
protein. 
• Capillaries
Depending on the fluorescence intensity, two different types of capillaries can be chosen 
for nanoDSF assays to ensure optimal signal to noise ratios.
• Buffers 
nanoDSF offers free choice of buffers. There are no restrictions to buffer substances or 
salt concentrations. nanoDSF is the optimal tool to determine the buffer conditions 
providing optimal thermal stability. 
• Detergents 
nanoDSF assays can be performed using any kind of detergent. This is of special interest 
for membrane protein characterization. 

Experimental consideration



1. Stability screening assays:

– optimization of formulation conditions (also viscous solutions)
– buffer screening assays to identify the optimal conditions
– detergent screening assay to determine the optimal conditions 
for membrane proteins

2. Biophysical characterization assays:

– antibody + antibody-drug conjugate characterization
– determination of multiple domain unfolding transitions

3. Quality control assays:

– long term stability of proteins – forced degradation of proteins

4. Ligand binding screening assays

What experiments could we do?



1. Stability screening assays:

– optimization of formulation conditions (also viscous solutions)
– buffer screening assays to identify the optimal conditions
– detergent screening assay to determine the optimal conditions 
for membrane proteins

2. Biophysical characterization assays:

– antibody + antibody-drug conjugate characterization
– determination of multiple domain unfolding transitions

3. Quality control assays:

– long term stability of proteins – forced degradation of proteins

4. Ligand binding screening assays

What experiments could we do?



• IMP stability in detergent or membrane-like environments is 
the bottleneck for structural studies

• Detergent solubilization from  membranes is usually the first 
step in the workflow

• Looking for a simple high-throughput screening method to 
identify optimal conditions for membrane protein stabilization

High-throughput screening for IMPs stability

40% samples processed in the SPC are membrane proteins



High-throughput screening for IMPs stability

• following nDSF and scattering upon 
thermal denaturation 

• (de-)stabilization effects of detergents 
• find suitable conditions for downstream 

handling during purification
• thermodynamic parameters (Tm, Tagg, 

Tonset)
• We selected 9 IMPs to benchmark our

protocol

Kotov et al. Scientific Reports 2019

Objective



BR MdfA P2X4 LacY DtpA DgoT Kv1             Ij1          Im1

MFS 
transporter

7TM 
pathogen

ABC
transporter

kinase

?     ?      ?     ?

We selected 9 Integral membrane proteins (targets)
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Our pipeline

Kotov et al. Scientific Reports 2019
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Fluorescence Scattering
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• screening
96 detergents

• A2 is the 
starting 
condition, in 
our case DDM

• Calculation of 
Tm

• Stable
• Unstable
• No fit

Kotov et al. Scientific Reports 2019
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• nanoDSF is especially useful in antibody 
engineering, membrane protein 
characterization, formulation development 
and protein quality control.

• nanoDSF monitors these fluorescence 
changes with high resolution and is even 
capable of revealing multiple unfolding 
transition points. 

Statements by Nanotemper



1. Stability screening assays:

– optimization of formulation conditions (also viscous solutions)
– buffer screening assays to identify the optimal conditions
– detergent screening assay to determine the optimal conditions 
for membrane proteins

2. Biophysical characterization assays:

– antibody + antibody-drug conjugate characterization
– determination of multiple domain unfolding transitions

3. Quality control assays:

– long term stability of proteins – forced degradation of proteins

4. Ligand binding screening assays

What experiments could we do?
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Anjanappa et al., Nat Commun. 2020 Mar 11;11(1):1314.

Determination of multiple domain unfolding transitions
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Lizarrondo et al, Nat. Commun. 2021

The AENTH endocytic complex



The AENTH complex is  more stable 
than the ENTH-PIP2

Increase in Rh as a function of 
temperature monitored by DLS
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Tm≅ 37.4 ºC ± 0.03 

An alternative is following aggregation

32.6 ºC

37.4 ºC 44.7 ºC

Garcia-Alai et al, Nat. Commun. 2018



1. Stability screening assays:

– optimization of formulation conditions (also viscous solutions)
– buffer screening assays to identify the optimal conditions
– detergent screening assay to determine the optimal conditions 
for membrane proteins

2. Biophysical characterization assays:

– antibody + antibody-drug conjugate characterization
– determination of multiple domain unfolding transitions

3. Quality control assays:

– long term stability of proteins – forced degradation of proteins

4. Ligand binding screening assays

What experiments could we do?



MHC class I

2. Screening for ligands

Anjanappa et al., Nat Commun. 2020 Mar 11;11(1):1314.

Determination of multiple domain unfolding transitions



Apparent KD from melting temperatures

nDSF binding study
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Steps

1

2

Fit melting curves → Fraction unfolded fu(T ) for each lig. conc. 

Extract fu([L]) for each ligand concentration at a defined temp.

3 Fit binding model to fu([L]) to obtain KD
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Estimating binding affinities by Isothermal analysis



Isothermal analysis: General approach

Steps

1 Fit melting curves → Fraction unfolded fu(T ) for each lig. conc.
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Comparison with ITC value: Kd = 3.5µM (25◦C)

Selecting a temperature around the Tm (empty state)



eSPC Online Data Analysis Platform for molecular 
biophysics 

spc.embl-hamburg.de

WebserverbyOsvaldo Burastero (ARISE)
Kotov et al., Sci. Rep. 2019
Kotov et al., Prot. Sci. 2020
Burastero et al. Acta Crystallogr D. 2021
Niebling et al. Sci Rep. 2021

https://spc.embl-hamburg.de/


Estimating binding affinities by Isothermal analysis


