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Monitoring DNA Melting using Nano DSC
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ABSTRACT

Differential scanning calorimetry (DSC) is a powerful analytical tool 
that can analyze the thermal denaturation of biopolymers, and its 
ability to measure the unfolding of macromolecules is unparalleled. 
The Nano DSC (TA|Waters) is highly advantageous due to its 
sensitivity and ability to accommodate dilute samples in solution. 
This application note will demonstrate the use of the Nano DSC to 
measure DNA denaturation at varying concentrations.

INTRODUCTION

The DNA double helix is one of the most widely recognized 
macromolecules.1 Its two strands are held together by several 
non-covalent interactions that are constantly being broken and 
reformed during replication, transcription, and general metabolic 
processes. Most notably, the DNA duplex is held together by 
complementary base pairing interactions that take advantage of 
the favorable hydrogen bonding interactions between adenine 
(A) and thymine (T), and guanine (G) and cytosine (C, Figure 1). 
Additionally, the double helical structure of the DNA backbone 
contains both a major and minor groove that directs the binding 
of proteins contributing to replication, repair, and transcriptional 
activation.2 Understanding these intermolecular forces has led to 
groundbreaking advances in molecular biology, pharmacology, 
and most recently, gene therapy. For more than a half century, 
differential scanning calorimetry (DSC) has been the premier 
method to study the inter- and intramolecular forces within DNA.3 

Herein, we highlight ability of the Nano DSC to probe melting in 
duplex DNA.

Figure 1. The DNA double helix consists of Watson-Crick hydrogen bonding 
interactions between adenine and thymine and cytosine and guanine.

The Nano DSC measures the change in partial molar heat capacity 
at a constant pressure (ΔCp) as a function of temperature of a given 
biological system. Put another way, DSC measures the amount of 
energy required to increase the temperature of the sample by a 
given amount relative to the reference, which typically consists of 
buffer. Integrating ΔCp over a range of temperatures provides:

Entropy can then be determined from the area under the curve of 
Cp/T vs. T:

Finally, the free energy of the system can be determined at a given 
temperature by the following:

Taken together, DSC can measure strength of non-covalent 
interactions that hold a macromolecule together. The purpose of 
this applications note is to highlight the ability of the Nano DSC 
to measure the melting of medium length DNA oligos (~2,000 bp).

EXPERIMENTAL

A solution of salmon testes DNA (ST-DNA) in DNase- and RNase-
free water was purchased from Invitrogen (Long Island, NY). 
Samples were diluted in 1xPBS (137 mM NaCl, 2.7 mM KCl, 10 mM 
Na2HPO4, 1.8 mM KH2PO4, pH 7.4) to achieve final concentrations 
of 0.25, 0.5, 1, 2, and 3 mg/mL before being loaded into the  
Nano DSC (TA|Waters). Duplicate samples were scanned twice 
from 40 ºC to 120 ºC at a scan rate of 1 ºC/min. To determine if 
refolding occurred samples were subjected to a controlled cooling 
scan from 120 °C to 40 °C at a scan rate of 1 °C/min in between 
the heating scans. Raw data was normalized to mass and analysis 
was performed in NanoAnalyze v. 3.12.0. 

RESULTS AND DISCUSSIONS

An overlay graph depicting duplex DNA melting at concentrations 
ranging 0.25 – 3 mg/mL is shown in Figure 2, where the data 
fit (J/g*K) is plotted against temperature (ºC). All scans show 
two a single transition that was fit using the Gaussian model.  
Table 1 provides average TM and area (enthalpy) values for 
duplicate samples. Under these specific buffer conditions, there 
was shown to be a positive correlation between concentration 
and enthalpy (ΔH). Previous experimental data suggests the 
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propensity of more highly concentrated DNA to form aggregate 
structures.4 Further, there are additional enthalpic contributions 
towards duplex stability beyond the hydrogen bonding patterns 
seen in Watson-Crick base paring interactions. Among these non-
covalent interactions, base stacking and sequence effects were 
also observed on the Nano DSC.5-6 Under high concentrations, 
nucleic acids are also known to “condense” into multimolecular 
structures,7 which may also contribute to the increased enthalpy 
seen at high concentrations.

Figure 2. Thermograms of DNA at concentrations ranging 0.25 – 3 mg/mL 
were fit using the Gaussian model and plotted against temperature. 

Table 1. Average TM and area (enthalpy) values obtained by fitting the data 
with a Gaussian model.

In addition to the concentration-dependent increase in enthalpy, we 
also observed an inverse relationship between concentration and 
TM. There are many factors that contribute to DNA thermostability, 
including buffer composition, salt concentration, and pH.8 The 
experiments described in this work were completed in non-
homogenous sample with DNA that was sheared to ~2,000 bp in 
length. Each DNA sequence and buffer system exhibits its own 
unique thermal melting characteristics, and the Nano DSC is well 
suited for advanced studies. Previous reports show that under 
certain condition, DNA aggregation may contribute to decreased 
TM, similar to the observation in this work.9-10 Due to the inherent 
polymorphic and dynamic characteristics of nucleic acids, DNA 
melting profiles are highly influenced by concentration and buffer 
conditions.

CONCLUSIONS

In this application note, we used the Nano DSC to monitor ST-DNA 
melting at a range of concentrations in phosphate buffer.

NOTES

Please visit the application notes library on our website for more 
information about Nano DSC experiments, including information 
on drawing a baseline and selecting a model in NanoAnalyze.
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Concentration T (°C) Area (J/g*k)

0.25 mg/mL 86.54 ± 0.02 11.07 ± 0.8

0.5 mg/mL 86.23 ± 0.08 14.15 ± 1.3

1 mg/mL 85.68 ± 0.02 31.99 ± 1.6

2 mg/mL 85.08 ± 0.01 34.21 ± 0.4

3 mg/mL 84.26 ± 0.01 38.25 ± 2.1

Fi
t (

J/
g

•K
)

Temperature (ºC)

0.25 mg/mL

0.5 mg/mL

1 mg/mL

2 mg/mL

3 mg/mL

Duplex DNA Unfolding

0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

70 75 80 85 90 95 100

© TA Instruments *This note was previously published as MCAPN-2022-01


