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[Abstract] Differential Scanning Fluorimetry (DSF) is a rapid, economical, and a straightforward
technique for estimating the thermal stability of proteins. The principle involves the binding of a
fluorescent dye to thermally exposed hydrophobic pockets of a protein. The dyes used in this
technique are highly fluorescent in a non-polar environment and are quenched when exposed to
aqueous solution. The change in fluorescence can be used to follow unfolding of proteins induced
by temperature, pH, or chaotropic agents. The method is well characterized for monomeric
proteins. Here, we extend the application to supramolecular protein and nucleo-protein complexes
using virus particles as an example. SYPRO-orange™ dye is the dye of choice because it is
matched for use with q-PCR instruments and the fluorescence response is stable across a wide
range of pH and temperatures. Advantages of this technique over standard biophysical methods
include the ability for high-throughput screening of biological and technical replicates and the high
sensitivity.

Materials and Reagents

1. Purified Virus Like Particles (VLPs) of Adeno-associated virus serotypes 1, 2, 5, 8
2. Purified recombinant AAV (rAAV) capsids packaging a green fluorescent protein gene
(GFP), rAAV1-GFP, rAAV5-GFP, rAAV8-GFP
3. PBS (pH 7.0) at 25 °C
4. Citric acid (Thermo Fisher Scientific, catalog number: BP339-500)
5. Disodium phosphate (VWR International, catalog number: BDH4538-1KGP)
6. 5,000x SYPRO Orange (Life Technologies, catalog number: S6651)
7. Sodium hydroxide (Thermo Fisher Scientific, catalog number: BP359-500)
8. 12 N hydrochloric acid (EMD Millipore, catalog number: HX0603-3)
9. Sodium chloride (VWR International, catalog number: BDH4534-5KGP)
10. Magnesium chloride (Thermo Fisher Scientific, catalog number : BP214-500)
11. Molecular biology grade water
12. Citrate-Phosphate buffer (see Recipes)
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Equipment

1. Rotor Gene-3000, qPCR instrument with 36-well rotor (QIAGEN)
2. 0.2 ml PCR tubes (BioExpress, catalog number: T-3013-1FC)
3. Aluminum foil
4. Pipette tips (10 µl, 200 µl) (VWR International, catalog numbers: 37001-162 and
53508-810)
5. Pipetts (200 µl, 0.1-2.5 µl) (Eppendorf, BioExpress, catalog numbers: P-3015-6 and
P-3015-1)
6. pH meter (Accument Basic AB 15 pH meter) (Thermo Fisher Scientific)
7. Milli-Q purification system (EMD Millipore)

Software

1. Rotor gene software (Version 1.7, Build 94)
2. Microsoft Excel 2007 on Windows 7

Procedure

1. Each of the VLP and recombinant virus samples were diluted into PBS or the
citrate-phosphate buffer to obtain concentrations between 0.1-0.24 mg/ml. A sample of
lysozyme, at a concentration of 0.24 mg/ml, was included in each run as a positive control.
The concentrations of the samples were varied to obtain similar fluorescence intensities
on the instrument.
2. Aliquots of the concentrated 5,000x SYPRO Orange was stored at -20 °C and gently and
completely thawed out to room temperature before every reaction setup.
3. 1 µl of the SYPRO Orange was diluted into 100 µl of distilled water to obtain a 1% 50x
working stock. As SYPRO Orange is light sensitive, the working stock was covered with
aluminum foil and kept in the dark till right before distribution.
4. 2.5 µl of the working stock was added to each of the above samples. The remaining
working stock, if any, was discarded if not used after 4 h.
5. The samples were kept in an aluminum foil covered box to prevent exposure to light till
they were transferred into the qPCR machine.
6. The assays were conducted with a temperature ramping from 30 to 99 °C, increasing 1
degree every 1 min.
7. The data was exported into a text (.csv) file and transferred into Microsoft Excel 2007 for
data analysis.
Copyright © 2014 The Authors; exclusive licensee Bio-protocol LLC.

2

http://www.bio-protocol.org/e1199

Vol 4, Iss 15, Aug 05, 2014

Representative data

1. The raw intensity data from all the samples was normalized to an upper limit of 100% by
dividing all values by the largest recorded intensity in that sample. The data was plotted
with temperature on the X-axis and the normalized intensity on the Y-axis.
2. The raw data was also used to calculate the change in fluorescence per change in
temperature (dF/dT). The maximum value obtained from this calculation was defined as
the melting temperature (Tm). This can be accomplished by taking the difference between
sequential fluorescent readings divided by the change in temperature between
measurements. The change in intensity (dF) can then be graphed vs temperature. The
largest value will can then be visualized or selected from the list. As described here, the
temperature step-size is 1 degree.

Figure 1. Showing a representative image of two Adeno-associated virus samples
and a Lysozyme positive control. The x-axis shows temperature and y-axis shows the
fluorescence intensity normalized to a 100%.

Notes

1. SYPRO Orange can be excited with UV light at 300 nm or using visible light at 472 nm.
The emission is measured 570 nm.
2. The qPCR machine had a limited set of filters for SYPRO Orange. Though the excitation
was possible at 470 nm, the spectra were collected at an emission wavelength of 550 nm.
Although this was 20 nm lesser than the optimal emission wavelength, the peak intensity
observed was ~50% of that observed at 570 nm. More importantly, the signal to noise ratio
was very high thereby implying high quality data.
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3. The complementary data obtained from Differential Scanning Calorimetry (data not shown)
also correlated accurately with that obtained from our method thereby further enhancing
the value of our data (Rayaprolu et al., 2013).
4. There are 36 vacant positions available on the rotor of the machine. A pcr tube that
contains only buffer solution and the dye is used as a negative control. For this sample to
be recognized as the negative control, this PCR tube needs to be placed in the first
position in the rotor. The second position is occupied by a tube containing only buffer with
no protein or dye added. This lets us determine if the buffer solution is contributing to the
fluorescence intensity. The third position contains a lysozyme reaction aliquot (as
described in the Procedure section). This acts as a positive control. Lysozyme’s melting
temperature has been well documented in the literature. We compare the results we got
from the DSF with the previously documented ones. More than one concentration of
lysozyme was initially tested to confirm the melting temperature and the fluorescence
linearity.

Recipes

1. Citrate-Phosphate buffer
43.6% 0.2 M disodium phosphate
6.4% of 0.1 M citric acid
50 mM sodium chloride
Check to see if the pH is 7.0, if not, adjust with hydrochloric acid or sodium hydroxide to
attain pH 7.0.
Make up to the required volume with water
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