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ABSTRACT 

Differential scanning fluorimetry (DSF) is rapid, accessible and economical biophysical 

technique. It is seen many applications over the years, ranging from protein folding state 

detection to the identification of ligands that bind to the target protein. It is power 

throughput in early drug discovery efforts. It is also used in protein buffer optimization for 

refolding, stability and crystallization purposes and provide several examples of each. DSF 

is used as a more downstream application, where it is utilized as an in vivo approval device 

of ligand-target collaboration in cell measures. In spite of the fact that DSF is a powerful 

device in cradle enhancement and enormous compound library screens with regards to 

ligand-restricting approval and streamlining, symmetrical strategies are prescribed as DSF is 

inclined to bogus up-sides and negatives. 
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INTRODUCTION 

Thermal shift assay measures changes in 

thermal denaturation temperature and 

hence stability of a protein under varying 

conditions such as variations in drug 

concentration,buffer pH or ionic 

strength,redox potential, or sequence 

mutation[1].The most well-known technique 

for estimating protein warm moves is 

differential examining fluorimetry(DSF) or 

thermofluor,which uses particular 

fluorogenic dyes[2].Differential scanning 

fluorimetry (DSF) measures protein 

unfolding by monitoring changes in 

fluorescence as a function of 

temperature[3]. Conventional DSF uses 

hydrophobic fluorescent dye that binds to 

proteins as they unfold. Nano 

DSF measures changes in intrinsic protein 

fluorescence as proteins unfolds[4]. 

 

Figure1.DSF-Hydrophobic dye and  Nano DSF-Tryptophan or Tyrosine 

DSF and NanoDSF(intrinsic DSF) are widely 

used,versatile biophysical techniques 

employed across diverse drug discovery 

applications,including fragment 

screening[5].The binding of even low 

molecular weight ligands can increase 

protein stability and can therefore be 

measured[6].DSF is used to determine 

ligand binding by measuring   ligand –

mediated shifts in the melting temperature 

of the target proteins[7].Purified protein is 

incubated with an environmental 

fluorescent dye such as SYPRO ORANGE 

fluorescence of which is quenched by 

water[8].Protein is exposed to a thermal 

gradient and as the protein unfolds.The 

hydrophobic residues are increasingly 

exposed,leading to an increases in dye 

binding and an increases in signal due to 

the exclusion of water[9].Fluorescence is 

measured continually and compound 

binding is anticipated to stabilize the 

protein and shift the temperature at which 

the protein melts[10].DSF is in protein buffer 

optimization, identifying optimal conditions 

for storage, assay screening, and 
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crystallization[11].By screening sparse matrix 

conditions, encompassing different buffer 

systems that cover a wide range of pH, 

additives, and salt concentrations, optimal 

buffer components can be identified for 

each individual protein[12]. 

 

 

Table 1:Table 

showing 

differences 

between 

Conventional 

and Nano DSF 

 

ADVANTAGES 

➢ It is rapid and inexpensive screening 

method to identify low molecular-

weight ligands that bind and 

stabilize purified proteins[13]. 

➢ Applicable to almost any type of 

globular proteins (small or large) 

including enzymes ,antibodies and 

antibody drug conjugate(ADCs)[14]. 

➢ Very fast set-up(minutes)[15]. 

➢ Choice of environmental dyes allows 

flexibility in measuring unfolding 

processes[16]. 

➢ Protein conservative[17]. 

➢ Wide range of buffers and viscous 

solutions can be used[18]. 

➢ Measures Tm,Tonset and Tagg in 

same experiment[19]. 

➢ Appli

cabl

e to 

almo

st 

any 

type 

of 

prote

in 

inclu

ding enzymes,antibodies,antibody 

drug conjugates(ADCs) and 

membrane proteins[20]. 

 

APPLICATIONS 

➢ Lable-free drug screening[21]. 

➢ Optimization of Drug lead[22]. 

➢ Studies of enzymes mechanism[23]. 

➢ Protein stabilization[24] for optimized 

isolation[25]. 

➢ Characterization of engineered 

proteins[26]. 

➢ Optimization of proteins 

crystallization conditions[27]. 

➢ ThermoFluor of membrane 

proteins[28]. 

Conventional DSF Nano DSF 

1.Conventional Differential Scanning Fluorimetry 

(DSF) uses a real-time PCR instrument to monitor 

thermally induced protein denaturation by measuring 

changes in fluorescence of a dye that binds 

preferentially to unfolded. 

2.Conventional DSF fluorescent dye such as Sypro 

Orange, which binds to hydrophobic regions of 

proteins exposed by unfolding that binds to proteins as 

they unfold. 

3.It  is also known as a Protein Thermal Shift Assay, 

because shifts in the apparent melting temperature can 

be measured upon the addition of stabilizing or 

destabilizing binding partners or buffer components. 

 

 

1.NanoDSF is an advanced differential scanning 

fluorimetry method to measure the thermal stability of 

protein under a range of conditions, including through 

the binding of small-molecule ligands. 

2.In case of nanoDSF,rather than employing a dye, the 

intrinsic fluorescence of tryptophan and tyrosine 

residues in the protein is measured. 

As the protein unflods the fluorescence intensity of 

these residues changes. 

3.NanoDSF has almost no restrictions in buffer 

composition, making it suitable for difficult to work 

with samples such as solubilized membrane proteins. 

4.Tryptophan and tyrosine fluorescence intensity and 

wavelength maximum will vary as local chemical 

environment changes,significantly changes occurring 

as packed aromatic side or buried solvent exposed on 

unfolding. 

It measures fluorescence intensity at 330 nm and 350 

nm and compare ratio of temperature or denaturant. 

 

  

  

http://www.lifetechnologies.com/us/en/home/life-science/pcr/real-time-pcr/real-time-pcr-applications/real-time-pcr-protein-analysis/protein-thermal-shift.html?icid=fr-proteinmelt
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➢ Decrypting proteins of unknown 

biological function[29]. 

➢ Parallel thermal shift assays[30]. 

➢ Ligand screening: It is used asses the 

interaction between the potential 

target[31] proteins binding receptors 

and libraries[32] of ligand compounds 

that may bind with them[33]. It 

measures physical[34] and chemical 

changes of bonds[35] form by 

analyzing differences in 

fluorescence[36]. 

➢ Target validation[37]. 

➢ Protein stability and crystallization 

optimization[38]. 

➢ Fragment binding[39] and linking 

strategy research[40]. 

 

CONCLUSION 

DSF constitutes a robust biophysical 

technique for studying protein stability in a 

particular environment, either within 

selected buffer conditions or when 

(partially) saturated with ligands of 

interest.The protein unfolding 

thermodynamic parameter ΔTm is 

monitored as the primary indicator to justify 

stability changes of the target protein, no 

matter whether targets were in a purified 

form, in lysate, cells, or even tissues.Newly 

emerged label-free nanoDSF approaches 

especially obviate the need for dyes, 

allowing the same approach to be 

applied to membrane protein research, 

simultaneously addressing problems 

caused by the interaction between dye 

and the hydrophobic surface of proteins, 

or the detergent additives applied and 

interactions between the dye and other 

molecules in a screen.Over the almost two 

decades since it first appeared, the DSF 

technique has been used to characterize 

the thermal properties of numerous 

proteins, aided by low sample 

consumption and high throughput—

making DSF suitable for optimizing buffer 

ingredients in crystallization, as well as 

screening large ligand libraries.  
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