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Standard Operating Procedure:Tycho NT.6 
Date Updated: 4/3/2024
Updated By: JCM

Purpose: The unfolding of a protein causes changes in the fluorescence emission properties of its fluorescent amino acid residues (tryptophan and tyrosine, mainly). Tycho NT6 follows the unfolding process by monitoring sample fluorescence (brightness) at 330 nm and 350 nm during heating. The brightness ratio 350 nm / 330 nm is plotted against the temperature in the sample, and the resulting graph is called the unfolding profile. Inflection temperatures (Ti) are calculated automatically. The profiles can serve as a fingerprint of the protein, along with the brightness ratio, Δ ratio and inflection temperatures (Ti). Comparison of those parameters allows conclusions on the similarities between the analyzed samples. Please note that different buffers can affect the fluorescence properties of a protein sample. Please see the TychoNT6 manual for a full description.
The Tycho NT6 nanoscale differential scanning fluorometry (nanoDSF) technique involves  rapidly heating small volumes of protein samples loaded into capillaries while monitoring the inherent typtophan absorbance to evaluate the stability of the protein across a temperature gradient. The data aids in the prediction of the purity of the sample, the stabilization/destabilization of binding cofactors and/or the suitability of the storage buffer. With a pure protein sample of known concentration, subsequent protein preparations can be compared for purity (Unfolding profile and temperature) as well as concentration (Signal intensity).

NOTE: The Tycho NT.6 is not networked and has limited disk storage space. Only experiments of standard protein samples should be retained on the machine long-term. Data from CMIC members will be exported to external drives for archiving. Non-CMIC members will need to provide their own storage/backup scheme via the USB port. Regular maintenance may require the permanent removal of experimental data.

Manufacturer: Nanotemper Tech
Manual: Tycho NT.6 User Manual_V08.pdf

Consumables:  Tycho NT.6 Capillaries (200 count)
Nanotemper Catalog SKU: TY-C001 - $259
Unknown if alternate sources are appropriate for use in the machine.

Signal readings: Emission at 330 nm and 350 nm.
Measurement of up to 6 samples per run using glass capillaries	
Use of ~ 10 µl per capillary	

Initial Considerations:
1. For the initial determination of the signal from a target protein, start with a concentration of ~1 mg/ml or less, and dilute the protein in the appropriate buffer with a 2-fold dilution series.	
2. If the sample brightness from a given dilution is less than 4, noise may be a problem for subsequent stability and concentration determinations, but are still possible.	
3. Conversely, if the samle brightness is too high (>500), the determination of stability and concentration may be obscured by inner filter effects and the protein should be diluted.
4. The intrinsic fluorescence signals from the tryptophans of a given protein are difficult to predict a priori. 
Measurements Made by the Tycho:	
	Protein fluorescence at 330 nm and 350 nm from 35°-95°C. 
Calculates:
	1. Temperature-dependent unfolding profile
	2. Inflection Temperature
	3. Sample Brightness
	4. Initial ratio of 350/330 nm
	5. Change in the ration over temperature (Delta ratio).

Protocol:

1. Determine the variable to measure. If this is the first measurements with the machine, it is best to measure the signal from a protein dilution series in a desired buffer to determine the optimal signal from the sample. Subsequent measurements with new protein preparations or buffer formulation can be made at the optimal concentration. (See example spreadsheet)
2. Prepare at least 10 µl of protein samples per capillary. The samples can be prepared in microfuge tubes, or the wells of a microtiter plate for ease of handling.
3. [image: A diagram of a hand holding a device

Description automatically generated with medium confidence]Open the sample holder of the Tycho instrument and lift the capillary holder. Carefully clean the mirrored surface with a Kimwipe. Load each capillary by immersing in the protein solution and allowing the protein to be drawn up. Place the capillary in the holder (left to right) and load subsequent samples. Close the holder and rotate the holder back into the machine. (Figure) 




4. Measurements can be started either from the Start view, or from inside a previous measurement by tapping New measurement. When starting a new measurement from inside a previous one, you can transfer annotations (capillary labels and keywords) and references to the new measurement. This is useful for replicate measurements, or other measurements with similar samples.
5. All measurements are run at a heating rate of 30 °C/min from 35 °C to 95 °C. While the measurement is running, data acquisition is displayed in real time. Annotation of samples or analysis of previously recorded data can be carried out in parallel.
6. To stop a measurement, open the door of the system.
7. The results will be displayed on the screen.


The Tycho NT.6 automatically cools back down for the next measurement after a measurement is finished. Leave the door closed during the cooling period for fastest cooling. The display indicates the time remaining until the next measurement can be started. Cool-down takes approximately 3.5 min at an ambient temperature of 20-25 °C and with the door of the system closed.

Measurements can only be started if the temperature inside the system is below 34 °C. The door of the system can be opened at any time, but it is recommended to load new samples only after cool-down has completed to minimize sample warming.

Exporting Results:

To export directly from the system, connect a USB memory stick at the front of the system and tap Export to USB. The USB memory stick needs to be a single FAT32 partition. All data is exported into a .zip file named after the timestamp of the measurement. The .zip file contains various formats sorted into subfolders, including raw data and profile images. If the exported measurement contains a comparison, all comparison data is exported as well. All files and Excel worksheets related to the comparison will feature the word “comparison” in the name.

The raw and processed data subfolders include a Microsoft Excel spreadsheet file (.xlsx) that contains all of the measured data points, brightness, ratio and calculated Ti data along with the measurement keywords and capillary labels. Pre-prepared charts are included in the spreadsheet. Modify the charts according to your needs by tweaking colors, fonts, sizes etc. Remove or add data rows by simply deleting or copy-pasting: selecting a chart will highlight the table cells containing the plotted data. 

Ratio profile charts (raw, smoothed and first derivative) include the determined Ti as dots. To display the Ti temperature values in the chart, right-click on the Ti dots and enable data labels. Right-click again to format data labels to display x-values (temperatures) instead of y-values. Move labels by clicking to select an individual label, then dragging it to the desired position.

All data contained in the Excel files can be moved to alternate graphing programs using copy/paste functions.
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