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Standard Operating Procedure: TwoMP
Date Updated: May 8, 2024
Updated By: JCM

[image: ]Purpose: The TwoMP is a mass photometry instrument measures the mass of a protein, protein complex or particle single molecules in solution. Mass photometry builds on the principles of interference reflection microscopy and interferometric scattering microscopy. Careful, automated image analysis was demonstrated to determine that the minute amount of light scattered by a single molecule can be reliably detected and correlates directly with molar mass. The amount of light scattered by a particle scales linearly with the particles volume and refractive index. 

NOTE: The 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:  Refeyn, Ltd, Oxford, England

Manual: Refeyn TwoMP Mass Photometer User Manual.pdf

Consumables:    
1. Lens Cleaners
Whatman® lens cleaning tissue 105. 100 x 150 mm. 
Catalog# 2105-841.
2. Glass Slides
Precision Cover Glasses, #1.5H Thickness, 24 x 50 mm. 
ThorLabs cat# CG15KH (pack of 1000) or CG15KH1 (pack of 100).
3. Gaskets
Culture well reusable gasket. 
Grace BioLabs, cat# 103250 (Gasket of 50 wells, to be cut in pieces of 6 wells).
4. Oil
Zeiss Immersol 518F, 
Catalog #444960-0000-0000

Initial Considerations:
1. The measurements are compared to known standard proteins (see the document,  Making TwoMP Calibrants). These proteins have been difficult to order and obtain, though the supply may fluctuate from time to time. Heed the storage recommendations for the stock solutions for reliable results with the TwoMP system. Also, the calibrants need to be remeasured every 3 hours for accurate protein mass calculations.
2. Recommended standards for calibration
Beta-Amylase from sweet potato (Sigma A8781)
Thyroglobulin from bovine thyroid (Sigma T9145)
BSA (though not recommended unless the other proteins are unavailable)
Or other known protein with mass close to protein sample
3. The protein concentrations for good measurements must be determined empirically, though starting in the 10-20 nM (final) range is best. The Kd of the protein complex will also need to be in this range to ensure an accurate determination of the complex size. Note, with careful titrations, it may be possible to determine the complex binding characterization (see the Refeyn Note: Application Note Characterization of protein interaction equilibria.pdf)
4. DNA/Protein immobilization is possible using poly L-lysine-coated coverslips (see the Refeyn Note: Application Note DNA.pdf
5. [image: A close-up of a graph

Description automatically generated]The calibrants are measured in a PBS solution. DO NOT USE SOLUTIONS CONTAINING >10% GLYCEROL. Protein solutions have detergents that may affect the measurements contributing to enhanced noise in the results. See: AppNote Detergents A4.pdf.
6. The mass range of the TwoMp is 30 kDa-5 MDa at a concentration range of 100 pM to 100 nM of protein.
7. Every solution must be centrifuged or filtered to remove particles, including PBS. Place the samples in clean tubes and spin in a microfuge at top speeds for 15-20 minutes.
8. For accurate reading, at least 1500 binding events needed.

Measurement Made by the TwoMP: A 488 nm laser is shot through an objective focused on the surface of a microscope slide. As the protein particles approach the surface, an interference pattern forms. The TwoMP captures a series of images as a movie to analyze the particles that landed on the glass surface. Those signals are converted into histogram plots that can be analyzed for the mass of the protein.	
	 
Calculates: Molecular weight of particles approaching the glass surface over time.

Protocol:
Preparing the TwoMP for sample measurement:
1. Always turn on the controller unit (follow green tape to back of unit to switch ON/OFF) 1h before using the device. 
2. After 1 hour, turn on the mass photometer by pressing the “power” button of the TwoPM, then the “Isolation” button. The “Isolation button” will flash blue until the device is ready for use. To perform measurements, open the acquisition software “AcquireMP”.

Coverslip cleaning:
1. The carrier slides included in Refeyn’s kits are ready to use. When not using Refeyn slides, the coverslips must be cleaned before use with MilliQ H2O and isopropanol:
a. Holding the coverslip with tweezers, wash both sides with a squeeze bottle: perform a wash with H2O, a wash with isopropanol, a wash with H2O, a wash with isopropanol and finally a wash with H2O. 
b. Air-dry both sides of the coverslip using a vacuum filter to draw pure air and push all H2O droplets (the center of the slide should be well-dried).

Slide coating for DNA binding:
1. On two clean slides, mark the sides that will be coated with poly-L-Lysine. 
2. Add 7 µl of poly-L-lysine on the center of one slide, then add the second slide on top forming a cross pattern. 
3. Wait 30 seconds, take the slides apart and place them into a small beaker containing MilliQ H2O. 
4. Using a squeeze bottle, wash the slides a couple of time with MilliQ H2O (do not use isopropanol), and then air-dry them (as described above).


Well cassettes:
1. Refeyn cassettes (6 wells/cassette) or custom gasket can be re-used up to 5 times (after that, they will be leaky). After use, place the cassette/gasket in a falcon tube containing isopropanol, invert the tube several times, transfer the cassette/gasket in a falcon tube containing MilliQ H2O, invert the tube several times. 
2. Repeat a couple of times. 
3. Dry the cassette/gasket overnight (needs to be well dried).

Preparation of the sample carrier:
1. Place well cassette or custom gasket in the center of the (grey) alignment tool. 
2. Place the coverslip on top on the cassette/gasket (if working with DNA, put the poly-L-lysine coated side down) and press down using tweezers.  
3. Invert the slide and be sure to keep clean while mounting.

Mounting the sample carrier:
1. Apply one droplet of immersion oil  on the objective lens.
2. Mount the prepared coverslip so that the red laser is roughly centered. Make sure there are no bubbles in the immersion oil (to ensure integrity of the auto focus). 
3. Hold the coverslip down with the provided small magnets.

Mass Calibration Procedure (See prep instruction)
1. Using the Lateral Control tab, use the arrows to bring the laser lens to the well where sample will be added (adjust the speed to 50X).
2. Add 15 µl of room temperature PBS (or preferred buffer) to the well and close the lid.
	Parameter
	Value

	Sharpness
	4.5-6.5%

	Signal
	<0.06%

	Circle
	Complete


3. Under Find focus, click the Droplet-Dilution tab to find focus. Use the Native/Ratiometric buttons (upper left) to check the focus parameters such as “sharpness” which should be between 4.5% – 6.5% and signal. Which should be <0.06%. The circle ring should also be complete.  If focus parameters are not correct, use the arrows under the Lateral Control tab to adjust the lens position and click Droplet-Dilution again. Once focus has been found, the focus position is locked.
4. When the instrument is in optimal focus the acquisition camera image in native mode will clearly display the glass surface. An incomplete circle ring can be due to the presence of a bubble between the lens and the slide. Gently lift the slide with tweezer to remove the bubble.
5. Add 2 of the appropriate β-amylase solution to the 15 µl of PBS. Using a 20 µl pipette, triturate the sample solution (never touch the well with the pipet tip). Close the lid (movie will start immediately) and press the Record button. 
6. The automated recording will last 60 seconds. At the end of the movie, a “Save” window will open: name and save the file.
7. Click on the[image: Lock outline]button to unlock the lens position and use the arrows under the Lateral Control to move the lens position to the next well (use the 50X speed). Repeat steps 2 – 4 with the thyroglobulin standard.
8. Open the DiscoveryMP software. When opening DiscoverMP, the user will have access to a workspace where multiple files can be visualized and analyzed. To analyze a measurement file, just add it to the workspace and the analysis will start automatically. To add a recording file (.mp) or mass photometry results file (.mpr) to a workspace press the + button on the top-left corner of the Files Panel. 
9. Alternatively, when DiscoverMP is first opened, there is also a + button in the central panel. This opens a file explorer dialog. Once a measurement file has been selected, the data is loaded into the application. After loading, the analysis of recording files (.mp) will start automatically. 
10. Files will be analyzed one at a time in the order in which they were added to the workspace. While the file is being analyzed, the background for that measurement will turn into a progress bar. Mass photometry results files (.mpr) will be immediately available after loading.
11. After analyzing a mass calibrant protein in DiscoverMP, histogram peaks are observed at/or near the expected positions on the contrast axis. The peaks can be labelled with either vertical lines, interval regions or Gaussian fits (Gaussian fits in histogram mode only). 
12. Clicking the Create Mass Calibration button found in the Analysis Panel will open the mass calibration dialog. In the dialog, the contrast values for each of the peaks, interval regions, and vertical lines added in the last step will automatically be shown in the mass calibration table. 
13. The dropdown box of calibrants can then be used to choose known mass values. If the calibrant used is not listed, its mass can be entered manually. AcquireMP will fit a straight-line calibration through the points entered in the table. After a calibration has been generated it will be automatically added to the Mass Calibration Panel.

For more details, see the paragraph How to generate a mass calibration, page 19 on the User Manual DiscoverMP.

Sample measurement:
1. Click on the [image: Lock outline] button to unlock the lens position and use the arrows under the Lateral Control to move the lens position to the next well (use the 50X speed).

2. Add at least 10 L of the sample buffer (same buffer used for calibration) to the well. Buffer (and sample) should be at RT.

3. Under Find focus, click the Droplet-Dilution tab to find focus. Use the Native/Ratiometric buttons (upper left) to check the focus parameters such as “sharpness” which should be between 4.5% – 6.5% and signal. Which should be <0.06%. The circle ring should also be complete.[footnoteRef:1] If focus parameters are not correct, use the arrows under the Lateral Control tab to adjust the lens position and click Droplet-Dilution again. Once focus has been found, the focus position is locked. [1: ] 


4. Add sample. Do not load more than 20 nM of protein (ideally between 10 – 20 nM). Using a 20 L pipette, homogenize well the solution (never touch the well with the pipet tip). Close the lid (movie will start immediately) and press immediately the Record button. Recording will last 60 seconds. At the end of the movie, a “Save” window will open: name and save the file.
5. To measure the next sample, click on the [image: Lock outline] button to unlock the lens position and use the arrows under the Lateral Control to move the lens position to the next well (use the 50X speed). Repeat steps 2 – 4. Remember not to try to upload the movie file in the Discovery software while a sample movie is being recorded.
6. If measuring more than 6 samples, remove the coverslip and gasket (place gasket in isopropanol), and wipe the immersion oil off the objective using a piece of lens tissue. Repeat the procedure described in the paragraph “Mounting the sample carrier”.
7. Once all samples are measured, follow the steps described in Procedure after use to close the software, turn off the unit and clean the objective lens (do not leave the immersion oil on the objective for more than 30 min).

Procedure after use:
First, close the “Discovery” software, then turn off the controller unit, then turn off the mass photometer. Always clean the laser lens when turning off the unit (see below for detailed instructions). The unit must always be turned off at the end of the day. 

Cleaning of the objective:
Cut a lens tissue into 3 pieces. Fold one piece and roll it around tweezers to make a ball; then gently remove the oil from the objective. Prepare another piece of lens tissue, apply a few drops of isopropanol to it and clean the objective lens in a spiral motion, starting from the center of the lens and pushing any oil and dirt to the edge. After the isopropanol has dried, inspect the lens for any visible smudge, and repeat the procedure if needed, until the objective is perfectly clean.




Analysis:

Opening a workspace 
1. When opening DiscoverMP, the user will have access to a workspace where multiple files can be visualized and analyzed. To analyze a measurement file, just add it to the workspace and the analysis will start automatically. 
2. To open a previously saved workspace, go to File > Open Workspace and select the workspace file (.dmp) of interest. This will open all measurement files, analysis and data associated with this workspace. 
3. To close a workspace, go to File > Close Workspace. 
4. Once a measurement file has been selected, the data is loaded into the application. 
5. After loading, the analysis of recording files (.mp) will start automatically. Files will be analyzed one at a time in the order in which they were added to the workspace. While the file is being analyzed, the background for that measurement will turn into a progress bar. Mass photometry results files (.mpr) will be immediately available after loading. 

Data analysis
 
When a recording file (.mp) is added to a workspace, the file is automatically loaded and queued for analysis. To stop the analysis, click on the Stop icon at the top of the Files Panel. The analysis can be started again by clicking on the Start icon at the top of the Files Panel. 

Detailed analysis procedure can be found on the User Manual_Discovery.
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