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MicroScale Thermophoresis 

A technology by NanoTemper

MicroScale Thermophoresis is an easy, fast and precise way to quantify 

biomolecular interactions. It measures the motion of molecules along 

microscopic temperature gradients and detects changes in their hydration 

shell, charge or size. 

(QMR\�WKH�EHQH¿WV�RI�067�

2SWLPL]H�DVVD\V�TXLFNO\�
 ▶ Judge and improve sample quality immediately

0HDVXUH�SUHYLRXVO\�XQPHDVXUDEOH�WDUJHWV� 
 ▶ Work with very small amounts and sensitive samples

%HQH¿W�IURP�FORVH�WR�QDWLYH�FRQGLWLRQV�
 ▶ Analyze in all buffers and bioliquids (cell lysate, serum)  

  –immobilization-free and label-free

'R�\RXU�UHVHDUFK�HI¿FLHQWO\�
 ▶� (QMR\�SHUIHFW�HDVH�RI�XVH��SXUL¿FDWLRQ�IUHH�PHDVXUHPHQWV� 
  and get rid of maintenance downtimes

:RUN�ÀH[LEO\�
 ▶ K

d 
s  for all molecule weights from ions to ribosomes 

� � DQG�IRU�S0�WR�P0�ELQGLQJ�DI¿QLWLHV
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MicroScale Thermophoresis 

A powerful technique 

MicroScale Thermophoresis (MST) is a powerful technique to quantify 

ELRPROHFXODU�LQWHUDFWLRQV��%\�FRPELQLQJ�WKH�SUHFLVLRQ�RI�ÀXRUHVFHQFH�
GHWHFWLRQ�ZLWK�WKH�ÀH[LELOLW\�DQG�VHQVLWLYLW\�RI�WKHUPRSKRUHVLV��067�
SURYLGHV�D�ÀH[LEOH��UREXVW�DQG�IDVW�ZD\�WR�PHDVXUH�PROHFXODU�
interactions. 

:KHQ�SHUIRUPLQJ�D�067�H[SHULPHQW��D�PLUFRVFRSLF�WHPSHUDWXUH�JUDGLHQW�
is induced by an infrared laser and the directed movement of molecules 

LV�GHWHFWHG�DQG�TXDQWL¿HG�XVLQJ�HLWKHU�FRYDOHQWO\�DWWDFKHG�ÀXRURSKRUHV�
RU�LQWULQVLF�WU\SWRSKDQ�ÀXRUHVFHQFH��
The applications range from small-molecule binding events to protein-

SURWHLQ�LQWHUDFWLRQV�DQG�LQWHUDFWLRQV�RI�PXOWL�SURWHLQ�FRPSOH[HV�
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Product Details

Within the Monolith Series, the Monolith NT.Automated is designed for 

high-throughput applications. 

7KH�0RQROLWK�17�$XWRPDWHG�FRPSULVHV�DOO�EHQH¿WV�RI�WKH�0LFUR6FDOH�
Thermophoresis technology and is able to accommodate 96 samples at 

a time. Screening projects can be performed in an automated fashion by 

integrating the instrument into a liquid handling platform.

Samples are loaded and analyzed in an automated fashion in 24-capillary 

chips. The capillary format ensures an immobilization-free, low volume 

UHDFWLRQ�VHWXS�ZKHUH�ELQGLQJ�DI¿QLWLHV�FDQ�EH�GHWHUPLQHG�LQ�DQ\�NLQG�RI�
buffer, even in serum and cell lysate. Thus, the instrument combines the 

EHQH¿WV�RI�FORVH�WR�QDWLYH�FRQGLWLRQV�ZLWK�ORZ�YROXPH�DQG�FRQFHQWUDWLRQ�
requirements of your precious sample.

The Monolith NT.Automated provides a great versatility as this device 

can be equipped with up to two different Monolith detection systems. 

7KHUHIRUH��KLJK�VHQVLWLYLW\�ÀXRUHVFHQFH�IRU�KLJK�DI¿QLW\�LQWHUDFWLRQV�DQG�
label-free applications can be combined in one instrument.
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Cat # Detector 

(choose up to 2)

$I¿QLW\�5DQJH��Kd) Sample 

Consumption 

(per Kd) *

F001 1DQR�±�%/8(�*5((1 1 nM to mM 120 ng 
1

F002 1DQR�±��%/8(�5(' 1 nM to mM 120 ng 
1

F003 1DQR�±��*5((1�5(' 1 nM to mM 120 ng 
1

F004 3LFR�±�5(' 1 pM to mM 120 pg 
2

F005 LabelFree 10 nM to mM 1.2 µg  
3

1
 calculated for a standard protein of 50 kDa, 12 data points per Kd�DQG����Q0�ÀXRUHVFHQWO\�ODEHOHG�SURWHLQ�

2
 calculated for a standard protein of 50 kDa, 12 data points per Kd�DQG����S0�ÀXRUHVFHQWO\�ODEHOHG�SURWHLQ�

3
 calculated for a standard protein of 50 kDa, 12 data points per Kd�DQG�����Q0�ÀXRUHVFHQWO\�ODEHOHG�SURWHLQ�

Product Details

Monolith NT.Automated Base Modules 

Cat # Instrument Detectors

G011 Monolith NT.Automated Base Module 2

*���5 Monolith NT.Automated Base Module

Including liquid handling platform

2

Monolith NT.Automated Detectors 

Monolith Instruments
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Monolith NT.Automated Base Modules

Cat#

G011

G011R

Instrument

Monolith NT.Automated Base Module

Monolith NT.Automated Base Module
Including liquid handling platform

Detector 1

! Nano

! Pico

! LabelFree

Detector 2

! Nano

! Pico

! LabelFree

Monolith NT.Automated Detectors

Cat#

F001

F002

F003

F004

F005

Detector
(choose up to 2)

Nano - BLUE/GREEN, 

Nano - BLUE/RED

Nano - GREEN/RED

Pico - RED

LabelFree

Affinity 
Range
(Kd )

1 nM to mM

1 nM to mM

1 nM to mM

1 pM to mM

10 nM to mM

Sample 
consumption
(per Kd )

120 ng 1

120 ng 1

120 ng 1

120 pg 2

1.2 µg 3

3 calculated for a standard protein of 50 kDa, 12 data points per Kd and 10 nM fluorescently labeled protein.
2 calculated for a standard protein of 50 kDa, 12 data points per Kd and 10 pM fluorescently labeled protein.
3 calculated for a standard protein of 50 kDa, 12 data points per Kd and 100 nM tryptophan containing protein.
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Technical Details

Monolith Instruments  NT.Series NT.Automated

Samples per run 96 samples

Fluorescence channels per instrument Combination of up to 2 detectors

)OXRUHVFHQFH�PXOWLSOH[LQJ Yes

$I¿QLW\�UDQJH

These parameters depend on the choice  

RI� WKH� GHWHFWRUV�� WKH� 17�� $XWRPDWHG� FDQ� EH�
equipped with a combination of two different 

detectors which can be freely chosen from all 

Monolith detection systems (Nano, Pico and  

LabelFree detectors)

Labeling required

&RQFHQWUDWLRQ�RI�ÀXRUHVFHQW�PROHFXOH

5DQJH�RI�DFFHVVLEOH�LQWHUDFWLRQV

7U\SWRSKDQ�ÀXRUHVFHQFH�UHTXLUHG

0HDVXUHPHQWV�LQ�FRPSOH[�ELROLTXLGV�
(serum, cell lysate)

Volume per measurement ����ȝO

Molecular weight range (Da) 10
1
 - 10

7

7LPH�IRU�H[SHULPHQW�	�DQDO\VLV Minutes

Immobilization required No

Temperature controlled 25°C (actively controlled)

Maintenance required Optional service and performance diagnostic
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Detectors and Spectra

7KH�H[FLWDWLRQ�HPLVVLRQ�ZDYHOHQJWK�IRU�WKH�FRUUHVSRQGLQJ�0RQROWLK�
NT.Automated detectors are illustrated below.

7KH�OLJKW�DQG�GDUN�VKDGHG�ER[HV�FRUUHVSRQG�WR�WKH�H[FLWDWLRQ�DQG�
HPLVVLRQ�ZDYHOHQJWK�VSHFWUD�RI�WKH�GLIIHUHQW�ÀXRUHVFHQFH� 
detectors, respectively.

high-throughput MST

96 samples at a time

high versatility: integrate 2 de-
tectors to combine high sensitivity
fluorescence and label-free 
applications

integration into liquid-handling
platform

Monolith NT.Automated

350

 [nm]
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550

450
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700

750

300

250

800

Label
Free
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BLUE/
GREEN
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BLUE/
RED

Nano
GREEN/
RED

Pico
Red

500

The Monolith instruments harbor different 
detectors to monitor the fluorescence signal
of your sample. The excitation/emission wave-
lengths for the corresponding detectors are 
illustrated below. The Monolith NT.Automated
can be equipped with a combination of two
different detectors.

NT.Automated

96 samples

Yes

combination of up to 2 detectors

Yes

These parameters depend on the

choice of the detectors: The NT.Au-

tomated can be equipped with a

combination of two different de-

tectors which can be freely chosen

from all Monolith detection systems

(Nano, Pico and LabelFree de-

tectors)

< 3 µl

101 - 107

minutes

No

25°C (actively controled)

optional service and performance diagnostic

Monolith Instruments

The white and black shaded boxes correspond to the 
excitation and emission wavelength spectra of the 
different fluorescence detectors, respectively. 
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'LVFRYHU�WKH�$SSOLFDWLRQ�5DQJH
MicroScale Thermophoresis detects interactions between any kind of 

biomolecules thus providing a large application range, from ions and small 

PROHFXOHV�WR�KLJK�PROHFXODU�ZHLJKW�DQG�PXOWL�SURWHLQ�FRPSOH[HV��

Thermophoresis, the movement of molecules in temperature gradients, is 

not only dependent on the size, but also on the charge and the hydration 

shell of the molecule of interest. Therefore, binding events can be detected 

HYHQ�ZLWKRXW�DQ�LQFUHDVH�LQ�VL]H�RU�PDVV�XSRQ�FRPSOH[�IRUPDWLRQ�

Since MST is performed free in solution without any surface 

immobilization, also bulky or sensitive molecule assemblies such as 

liposomes, nanodiscs or membrane proteins can be investigated.

MicroScale Thermophoresis (MST)

Bacteria

Cell

Ribosomes

Nucleosomes

Viruses

Liposomes

NanoDiscs

Proteins

Nucleic acids Ions

Nucleotides

Fragments

Atoms

Small 
Molecules

PeptidesAntibody-
FragmentsAntibodies

100
0 n

m
200

 nm

75 
nm

7 n
m

1 n
m

0.1
 nm

Size

MW

100
0 k

Da

100
 kD

a

1 k
Da

150
 Da

1 D
a
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Fragment ScreeninJ�3URMHFW��
Project Design

 

Case Study on Automated Screening Project of a Fragment Library 

against MEK1 kinase

The Monolith NT.Automated allows for screening libraries of compounds or fragments in 

a timely manner with very low sample consumption. In addition, the innovative capillary 

FKLS�IRUPDW�DOORZV�IRU�HDV\�KDQGOLQJ�DQG�WKH�LQWHJUDWLRQ�RI�067�H[SHULPHQWV�LQWR�D�
fully automated setting. For this study, a library containing 193 in silico pre-selected 

fragments were screened for their interaction with the drug target MEK1 employing a set 

RI�RUWKRJRQDO�PHWKRGV��'6)��GLIIHUHQWLDO�VFDQQLQJ�ÀXRULPHWU\���635��VXUIDFH�SODVPRQ�
resonance) and MST.

Per datapoint Per Kd Total 

(193 interactions +

10 positive controls)

# Datapoints / 12 2436

Measurement 

time

10 sec 120 sec 6 h 26 min

Protein used 0.3 ng 3.1 ng 628 ng
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)UDJPHQW�6FUHHQLQJ�3URMHFW��
$VVD\�6HWXS�DQG�5HVXOWV

$PRQJ�WKH����IUDJPHQWV�DQDO\]HG�ZLWK�067�LQ�WKLV�VWXG\��!����ELQGHUV�ZHUH�LGHQWL¿HG�
with K

d
V�UDQJLQJ�IURP�WKH�ORZ�ȝ0�WR�ORZ�P0�UDQJH�����IUDJPHQWV�GLVSOD\HG�K

d
s below 

����ȝ0��,PSRUWDQWO\����RXW�RI���FR�FU\VWDO�YDOLGDWHG�KLWV�ZHUH�DPRQJ�WKH�WRS�¿IWHHQ�
fragments from the MST-ranking.

1. Amaning K, Rak A, et al., (2013) The use of virtual screening and differential scanning  fluori-
metry for the rapid identification of fragments active against MEK1. Bioorganic & me dicinal 
chemistry letters 23: 3620-3626

2. Breitsprecher D, et al., (2014) Case Study on Automated Screening Project of a Fragment  Li-
brary against MEK1 kinase, Applicaton Note NT021

 

To establish the assay, the buffer conditions were optimized to ensure reproducable 

SURWHLQ�DFWLYLW\�DQG�VWDELOLW\��)LUVW��WKH�LQWHUDFWLRQ�RI�17�����ÀXRUHVFHQWO\�ODEHOHG�0(.��
with its natural substrate ATP was analyzed, which later served as a positive control. A 

WRWDO�RI����$73�FRQWURO�H[SHULPHQWV�ZHUH�SHUIRUPHG�WKURXJKRXW�WKH�VFUHHQLQJ�WR�HQVXUH�
MEK1 functionality. The average dissociation constant K

d
�RI�WKHVH�FRQWURO�H[SHULPHQWV�

was 9.4 +- 0.8 µM, corroborating the robustness of the MST screening approach. 

In addition, the interaction of MEK1 with a pre-characterized test compound was 

determined prior to the screening of the 193 fragments.
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)UDJPHQW�6FUHHQLQJ�3URMHFW��
$GGLWLRQDO�%HQH¿WV

The MST ranking showed a very strong correlation with a qualitative DSF screening. 

Since DSF, however, requires a change in melting temperature of the protein upon 

OLJDQG�ELQGLQJ��RQO\�IHZ�IUDJPHQWV�FRXOG�EH�LGHQWL¿HG�DV�KLWV�ZKHUHDV�067�FRXOG�UDQN�
���RXW�RI�����IUDJPHQWV�DFFRUGLQJ�WR�WKHLU�ELQGLQJ�DI¿QLW\�
,Q�DGGLWLRQ��IDOVH�SRVLWLYH�KLWV�IURP�635�VFUHHQLQJ�FRXOG�EH�LGHQWL¿HG�GLUHFWO\�IURP�WKH�
MST time traces. Therefore, high-throughput MST analysis is a perfect asset in modern 

drug discovery processes.

The upper left panel displays a plot of the change in melting temperature (T
m
) from 

the DSF screen against the MST rank. Negative T
m
 values correspond to protein 

destabilization due to fragment effects. MST can identify destabilizing effects based on 

PXOWLSOH�SKHQRPHQD��3URWHLQ�DJJUHJDWLRQ�UHVXOWV�LQ�³EXPS\�WUDFHV´��VHH�IUDJPHQW������
DQG��������DQG�SURWHLQ�SUHFLSLWDWLRQ�OHDGV�WR�D�ORVV�RI�ÀXRUHVFHQFH��VHH�IUDJPHQW������
DQG��������1RWH�WKDW�IUDJPHQWV������DQG������ZHUH�UDQNHG�DV���DQG���LQ�WKH�635�
VFUHHQ�������ZDV�LQLWLDOO\�UDQNHG�DV�����LQ�WKH�067�UDQN�EXW�FRXOG�EH�HDVLO\�LGHQWL¿HG�
as a false positive.
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Customer Statements

Dr. Markus Zeeb��3ULQFLSDO�6FLHQWLVW��6WUXFWXUDO�5HVHDUFK��%RHKULQJHU� 
,QJHOKHLP�3KDUPD�*PE+�	�&R��.*�±�5HVHDUFK�*HUPDQ\�

³2QH�PLVVLRQ�RI�WKH�6WUXFWXUDO�5HVHDUFK�JURXS�ZLWKLQ�WKH�/HDG�
,GHQWL¿FDWLRQ�DQG�2SWLPL]DWLRQ�GHSDUWPHQW�LV�WR�TXDQWLWDWLYHO\�YDOLGDWH�
and characterize interactions of small molecules as well as new biological 

entities with protein targets. We employ various traditional biophysical 

PHWKRGV�VXFK�DV�635��7KHUPDO�6KLIW��,7&��105�DQG�;�UD\�FU\VWDOORJUDSK\��
Most recently we included MicroScale Thermophoresis (MST) in our 

VWDQGDUG�SURMHFW�VXSSRUW�ZRUNÀRZ�DQG�H[WHQGHG�LWV�DSSOLFDWLRQ�IURP�DI¿QLW\�
determinations to fragment screening approaches.

MST is a versatile and valuable tool which we quickly adapted in our 

repertoire of methods. The impressive advantages of MST, namely the 

low sample consumption, the broad application range, and swift assay 

development make it a unique biophysical method. The measurement in 

free solution without the need of surface coupling saves time and avoids a 

potential source for false positive or negative results. 

2XU�6WUXFWXUDO�5HVHDUFK�JURXS�QRZ�DOVR�DGGHG�WKH�ODEHO�IUHH�YHUVLRQ�
of the Monolith to our MST instrumentation portfolio, which gives us 

the possibility to choose to measure with high selectivity and sensitivity 

(NT.115). The labelfree version (NT.LabelFree) allows us to measure 

ZLWKRXW�DQ\�DGGLWLRQDO�VDPSOH�PRGL¿FDWLRQ�GHSHQGLQJ�RQ�WKH�QHHG�
of the particular assay. In some cases, LabelFree MST allowed us to 

SHUIRUP�DVVD\V�ZLWK�RWKHUZLVH�³YHU\�LOO´�EHKDYHG�SURWHLQV�ZKLFK�ZHUH�
QRW�DPHQDEOH�WR�DQ\�RWKHU�ELRSK\VLFDO�WHFKQLTXH��*HQHUDOO\��ZH�¿QG�YHU\�
good consistency between quantitative MST measurements and results 

VWHPPLQJ�IURP�RWKHU�ELRSK\VLFDO�PHWKRGV��³

Dr. Nicolas Basse, Department of Structural Biology, UCB-Celltech, UK

³$V�SDUW�RI�RXU�GUXJ�GLVFRYHU\�SURMHFWV�ZH�XVH�0LFUR6FDOH�7KHUPRSKRUHVLV�
�067��DV�DQ�RUWKRJRQDO�PHWKRG�WR�PHDVXUH�WKH�ELQGLQJ�DI¿QLW\�RI�
compounds to their protein target and apply this fragment hit ID through 

to lead optimisation. MST complements our biophysical platform and has 

correlated well with other more established technologies. Because it uses 

small amounts of protein, MST has proved to be particularly useful to look 

DW�PROHFXODU�LQWHUDFWLRQ�LQYROYLQJ�SURWHLQV�WKDW�DUH�GLI¿FXOW�WR�H[SUHVV�RU�
purify. MST requires a relatively short time to setup new assays and is a 

powerful technique for buffer optimisation. 

Using the NT.115 MST instrument we have successfully measured small 

PROHFXOH�SURWHLQ�DQG�SURWHLQ�SURWHLQ�LQWHUDFWLRQV�LQ�FRPSOH[�PHGLD��
Finally, LabelFree MST is one of the few true label-free/immobilisation-free 

LQVWUXPHQWV�FDSDEOH�RI�PHDVXULQJ�PROHFXODU�LQWHUDFWLRQV�´
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Dr. Alexey Rak, 6WUXFWXUDO�%LRORJ\�	�%LRSK\VLFV��6DQR¿�5	'��)UDQFH

³:H�URXWLQHO\�DVVHVV�LQWHUDFWLRQ�DI¿QLW\�IRU�ERWK�VPDOO�PROHFXOH�
and biologics projects, with NanoTemper Technologies’ MicroScale 

Thermophoresis being the most recent addition to the pool of instruments 

we use to carry out these measurements. It has proved a valuable tool for 

characterising small molecule-protein and protein-protein interactions, as 

well as for the study of protein aggregation concentration determination. 

There is very good agreement with other technologies such as Surface 

3ODVPRQ�5HVRQDQFH��635��DQG�,VRWKHUPDO�7LWUDWLRQ�&DORULPHWU\��,7&���
and we are particularly appreciative of this new technology because of the 

H[WUHPHO\�ORZ�SURWHLQ�FRQVXPSWLRQ�DQG�UHODWLYHO\�VKRUW�WLPH�UHTXLUHG�IRU�
the assay setup. NanoTemper customer support has been a key factor in 

enabling us to familiarise ourselves with the new technology. We would like 

to deploy increasing numbers of applications based on MST technologies 

and continue to interact with NanoTemper Technologies Company, a 

G\QDPLF��VFLHQWL¿FDOO\�GULYHQ�FRPSDQ\�³

Dr. Timothy Sharpe, Head of the Biophysics Facility, Biozentrum, University 

of Basel, Switzerland

³:H�KDYH�XVHG�RXU�1DQRWHPSHU�0LFUR6FDOH�7KHUPRSKRUHVLV��067��
LQVWUXPHQW�H[WHQVLYHO\�LQ�WKH�ODVW�RQH�DQG�D�KDOI�\HDUV�WR�VWXG\�PDQ\�
GLIIHUHQW�W\SHV�RI�LQWHUDFWLRQ��SURWHLQ�VPDOO�PROHFXOH�LQWHUDFWLRQV��ELRORJLFDO�
ligands and compounds from medicinal chemistry), small molecule 

competition assays, protein-metal ion interactions, protein-protein 

interactions, antibody-antigen interactions and protein oligomerisation. 

MST offers high sensitivity with low material consumption, robust and low 

maintenance instruments. [...]  MST has become one of the most frequently 

used techniques in the facility, and has produced a great deal of useful 

data. Where we have been able to make comparisons, results from MST 

DJUHH�ZHOO�ZLWK�WKRVH�IURP�RWKHU�HVWDEOLVKHG�WHFKQLTXHV��,7&��ÀXRUHVFHQFH�
LQWHQVLW\�DQG�DQLVRWURS\��635���+RZHYHU��ZH�SDUWLFXODUO\�DSSUHFLDWH�WZR�
distinguishing aspects of MST. Firstly, MST can measure interpretable 

VLJQDO�FKDQJHV�LQ�FLUFXPVWDQFHV�ZKHUH�PDQ\�RWKHU�WHFKQLTXHV�VWUXJJOH��
i.e. small unlabelled molecules binding to large labelled molecules, where 

binding is tight (nM K
d
) and one or both partners aggregate at micromolar 

FRQFHQWUDWLRQV��6HFRQGO\��RQH�FDQ�RIWHQ�JDLQ�H[WUD�LQIRUPDWLRQ�DERXW�
the interaction partners from MST titrations, particularly for systems that 

have changes in their conformational or oligomeric state upon binding. 

,Q�VHYHUDO�FDVHV��PXOWL�SKDVLF�WLWUDWLRQV�KDYH�LQVSLUHG�H[SHULPHQWV�ZLWK�
RWKHU�WHFKQLTXHV�WR�FKDUDFWHUL]H�EHKDYLRXUV�WKDW�FDQµW�EH�H[SODLQHG�E\�WKH�
simplest binding models.

7KH�)DFLOLW\µV�VWDII�DQG�XVHUV�KDYH�EHQH¿WWHG�JUHDWO\�IURP�WKH�H[FHOOHQW�
customer support provided by Nanotemper. Advice is always practical, 

relevant and often delivered in-person. Nanotemper‘s Applications Scientists 

are professional, knowledgeable and display an impressive commitment to 

WKH�VXFFHVV�RI�QHZ�XVHUVµ�H[SHULPHQWV�³
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