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Phosphoproteome profiling 
Version: 2026-03-12 

This protocol is based on the work of Daly et al., published in 2025 in the Journal of Proteome 

Research. They optimized SP3 sample processing for in-depth and reproducible 

phosphoproteomics. In this protocol, their optimization is merged with previous BMS platform 

protocols to achieve better results. 

 

1. Materials 

1.1. Cell lysis or cell disruption 

Note: Some materials in this section are specific to your sample type (e.g., culture cell plates, 

frozen cell pellets, fresh tissues, etc.). Refers to section 3.1 to determine which materials fit your 

situation 

• MP Biomedicals Lysing Matrix A, 2ml tubes (Fischer scientific CAT#MP116910050) – 

Disruption procedure only  

• Ammonium bicarbonate (Sigma, CAT#A6141) 

• Urea (Sigma, CAT#51456) 

• Triton X100 (Sigma, CAT#93443) 

• 20% SDS (Thermo Scientific, CAT#BP1311) 

• Optional: cOmplete protease inhibitor tablets, EDTA free (Sigma, CAT#11836170001) 

• Optional: PhosSTOP EASY (Roche, CAT#4906845001) 

• Benzonase (EMD Millipore CAT# 70664-10KU) 

• Water (Thermo Scientific, CAT#10977023) 

• Bead beading instrument (At the BMS Core Facility: Qiagen TissueLyser II) 

• Bench top centrifuge with holder for microcentrifuge tubes (multiple vendors) 

• 1.5ml or 2.0ml Safe-Lock tubes (Thermo Scientific, CAT#05-402-25 or CAT#05-402-7) 

1.2. Protein quantification 

• Pierce BCA Protein Assay Kit (Thermo Scientific, CAT#23225) 

• Any 96-well plate, flat bottom and non-coated 

• Any 96-well plate reader able to read absorbance at 562nm 

1.3. Reduction, alkylation and SP3 Clean-Up 

• Dithiothreitol (Sigma, CAT#43815) 

• Iodoacetamide (Sigma, CAT#I1149) 

• SP3 beads (Sigma, CAT#65152105050250 and CAT#45152105050250) 

• Absolute ethanol (multiple vendors) 



2 
 
 

 
Biological Mass Spectrometry Core Facility 

LSRI - Room 105 | 1348 Summer St. | Halifax NS B3H 0A8 | Canada 
bms@dal.ca 

• Water (Thermo Scientific, CAT#10977023) 

• Magnetic separation rack suitable for 1.5ml and 2ml tubes (multiple vendors) 

• Bench top centrifuge with holder for microcentrifuge tubes (multiple vendors) 

• Thermomixer with 2ml tube block (Eppendorf) 

• SpeedVac vacuum concentrator (multiple vendors) 

• 1.5ml or 2.0ml Safe-Lock tubes (Thermo Scientific, CAT#05-402-25 or CAT#05-402-7) 

1.4. Peptide digestion 

• Calcium chloride (Sigma, CAT#C4901) 

• Ammonium bicarbonate (Sigma, CAT#A6141) 

• Urea (Sigma, CAT#51456) 

• Trifluoroacetic acid (Sigma, CAT#T6508) 

• Water (Thermo Scientific, CAT#10977023) 

• MS-grade digestion enzyme of your choice (recommended: Promega, CAT#V5072) 

• Magnetic separation rack suitable for 1.5ml and 2ml tubes (multiple vendors) 

• Bench top centrifuge with holder for microcentrifuge tubes (multiple vendors) 

• Thermomixer with 2ml tube block (Eppendorf) 

• Sonication bath (multiple vendors) 

• SpeedVac vacuum concentrator (multiple vendors) 

• 1.5ml or 2.0ml Safe-Lock tubes (Thermo Scientific, CAT#05-402-25 or CAT#05-402-7) 

1.5. Phosphopeptides enrichment 

• Glycolic acid (Sigma-Aldrich, CAT# 124737-25G) 

• Acetonitrile (Sigma-Aldrich, CAT# 34998-4L) 

• Titansphere TiO beads (Canadian Life Science CAT#IN5020-75010) 

• Trifluoroacetic acid (Sigma, CAT#T6508) 

• Water (Thermo Scientific, CAT#10977023) 

• Ammonium hydroxide (Sigma-Aldrich, CAT#221228) 

• Formic Acid (Fischer Chemical, CAT# A117-50)  

• Sonication bath (multiple vendors) 

• SpeedVac vacuum concentrator (multiple vendors) 

• Bench top centrifuge with holder for microcentrifuge tubes (multiple vendors) 

• Plastic inserts 250ul, 6 x 31mm (Chromatographic Specialties Inc, CAT# 
C734025PBS631) 

• Glass vials (Agilent Technologies, CAT#5182-0714) 

• Screw cap with PTFE Septum (Chromatographic Specialties Inc, CAT# C779203B) 

 

 

 



3 
 
 

 
Biological Mass Spectrometry Core Facility 

LSRI - Room 105 | 1348 Summer St. | Halifax NS B3H 0A8 | Canada 
bms@dal.ca 

2. Recipes 

2.1. Cell lysis/disruption 

• 10% (v/v) Triton X100 (stable at room temperature) 

• 1% (v/v) SDS (stable at room temperature) 

• 10X cOmplete protease inhibitor stock: (store at -20°C) 

o 1 crushed tablet 

o 1ml of water 

• Optional: 10X PhosSTOP EASY: (store at -20°C) 

o 1 crushed tablet 

o 1ml of water 

• Lysis buffer: => Prepare fresh! 

o 80mg of ammonium bicarbonate 

o 240mg of Urea 

o 10ul of 10% Triton X100 

o 10ul of 1% SDS 

o (50uL of 10X cOmplete protease inhibitor) 

o (50uL of 10X PhosSTOP Easy) 

o water up to 1ml 

 

2.2. Protein quantification 

Directly refers to the manufacturer’s instruction on how to use the Pierce BCA Protein Assay Kit. 

 

2.3. Reduction, alkylation and SP3 Clean-Up 

• 100mM dithiothreitol solution: => Prepare fresh! 

o 15mg of dithiothreitol 

o Water up to 1ml 

• 500mM Iodoacetamide solution: => Prepare fresh! /!| LIGHT-SENSITIVE 

o 46mg of iodoacetamide 

o Water up to 500ul 

 

2.4. Peptide digestion 

• 1M ammonium bicarbonate: => Prepare fresh! 

o 80mg of ammonium bicarbonate 
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o Water up to 1ml 

• 100mM calcium chloride: (stable a year at 4°C) 

o 12mg of calcium chloride 

o Water up to 1ml 

• Digestion buffer: => Prepare fresh! 

o 100ul of 1M ammonium bicarbonate 

o 10ul of 100mM calcium chloride 

o 890ul of water 

• 8M urea solution: => Prepare fresh! 

o 480mg of Urea 

o Water up to 1ml 

• 10% (v/v) Trifluoracetic acid (TFA) solution 

 

2.5. Phosphopeptides enrichment 

• Loading buffer  
o 76mg of glycolic acid 

o 800ul of 100% acetonitrile 

o 50ul of 100% trifluoroacetic acid 

o Water up to 1ml 

• Wash buffer 1  
o 800ul of 100% acetonitrile 

o 100ul of 10% trifluoroacetic acid 

o Water up to 1ml 

• Wash buffer 2 
o 200ul of 100% acetonitrile 

o 10ul of 10% trifluoroacetic acid 

o Water up to 1ml 

• 5% Ammonium hydroxide solution (need 200ul per sample) 
o 50ul of 30% ammonium hydroxide stock solution 

o Water up to 300ul 

• 1% (v/v) formic acid 
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3. Protocol 

3.1. Cell lysis/disruption (choose only the one) 

Depending on the type of your starting material, some harvest and lysis procedures are more 

suitable than others. Below are the recommended methods for each situation: choose the obe 

that suits best your starting point. 

Cell Disruption (for fresh tissues or cell pellets >100ul) 

• Transfer cell pellets into the 2ml lysing tubes. 

• Add 4 times your pellet volume of lysis buffer (minimum volume: 300ul). 

• Disrupt the samples on the TissueLyser for 5min, at speed 300. 

• Centrifuge the tubes at 12000g for 5min, RT. Collect the supernatant in a new tube. 

• Add 0.5ul of Benzonase per 100ul of lysis solution. Incubate at 24°C for 10min. 

Cell Lysis (for small cell pellets <100ul) 

• Add enough lysis buffer (at least 2 times the estimated volume of your pellet) and pipette 

mix. 

• Add 0.5ul of Benzonase per 100ul of lysis solution. Incubate at 24°C for 10min. 

• Centrifuge at 12,000g for 10min (RT) to get rid of cellular debris. Collect the supernatant 

in a new tube. 

 

3.2. Protein quantification 

• Determine protein concentrations for each sample using the BCA kit from Thermo 

Scientific. Prepare the standard curves and the samples according to the manufacturer’s 

instructions. 

• Measure the absorbance at 562nm using any adapted plate reader. 

 

3.3. Reduction, alkylation and SP3 Clean-Up 

Reduction and Alkylation 

• In a clean 2ml tube, add 500ug of lysate and complete with HPLC water up to 50ul. Keep 

the remaining lysate at -20°C or -80°C as a backup. 

• Add 1.5ul of 100mM dithiothreitol solution and incubate at 60°C for 15min. 

• Add 1.5ul of 500mM iodoacetamide solution and incubate for 45min at room temperature 

in the dark. 
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• Quench the excess of iodoacetamide by adding 4ul of 100mM dithiothreitol solution. 

Incubate 10 min at room temperature with agitation (thermomixer). 

 

(Optional: Preparation of SP3 bead stock) 

• Vortex the two 15ml containers of bead stock from the manufacturer to re-suspend the 

material. 

• Take 500uL of each of the bead stocks and combine in a fresh 2ml tube. 

• Place on a magnetic rack and wait for beads to settle. Discard the supernatant. 

• Reconstitute the beads in 1ml of water with pipetting and place back on the magnetic rack. 

After the beads settle, discard the supernatant. 

• Repeat the above rinse one additional time (total = 2 rinses). 

• Reconstitute the beads in 500ul of water (100ug/ul). This stock can be stored at 4°C 

indefinitely. 

SP3 Clean-up 

• Add 10ul of SP3 beads stock to your sample. 

• Add 280ul of 100% ethanol. Gently shake the tube to mix the beads. 

• Incubate at 25°C for 30min, with an agitation of 1000 rpm (Thermomixer). 

• Centrifuge the tubes at 5,000g for 5 min (RT). Using a magnetic rack, discard the 

supernatant. 

• Wash 3 times the beads according to the following sequence: 1) add 800ul of 100% 

ethanol. 2) Pipette mix to reconstitute the beads. 3)Centrifuge again at 5,000g for 5min. 

4) Remove the supernatant. Remove as much liquid as possible after the last wash. 

• Dry the beads for 10min using the SpeedVac. Note: Prepare the digestion buffer during 

this incubation to save time on the upcoming peptide digestion stage. 

 

3.4. Peptide digestion 

• Reconstitute 1 vial of MS Trypsin-rLysC mix in 200ul of digestion buffer (1 vial = 2 samples 

= 10ug of enzyme per sample). Pipette mix. 

• Add 100ul of enzyme solution to the dried beads. Resuspend the beads via water bath 

sonication for 3min. 

• Incubate ate 37°C overnight (between 14h and 18h) with an agitation speed of 800rpm. 
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• On the next morning, spin the tubes for 2min at 1000g (RT). Using a magnetic rack, collect 

the supernatant into a new 2ml tube. 

• Resuspend the beads in 50ul of 8M Urea, using water bath sonication for 2min. Incubate 

for 30min at 25°C with a 1000rpm shaking. 

• Spin the tubes for 2min at 1000g (RT). Using a magnetic rack, collect the supernatant and 

combine it with its corresponding digested material. Discard the beads. 

• Add 7.5ul of 10% TFA and incubate for 30min at 37°C (1000 rpm). 

• Incubate another 30min on ice.  

• Centrifuge at 13,000g for 10min at 4°C. Collect the clear supernatant in a new 2ml tube. 

• Add 1,450ul of water to dilute the urea (final urea concentration = 0.25M). Dry the samples 

using a SpeedVac at room temperature. 

 

3.5. Phosphopeptides enrichment using Titanium Dioxide beads 

Note: During this stage, urea should be precipitated by a solution containing at least 80% 

acetonitrile. It should be easy to get rid of this precipitated form during the phosphopeptides 

enrichment process, either using a column or affinity purification. Any type of enrichment process 

who respects the 80% acetonitrile criteria could, in theory, be used. 

Getting rid of the urea means that the desalting stage can be skipped to preserve as many 

phosphopeptides as possible for the MS acquisition. 

 

/!\ Manipulate under a chemical hood while using TFA  

• Resuspend dried peptides in 250ul of loading buffer, using water bath sonication for 

10min. 

• Incubate resuspended peptides on ice for 30min. 

• Add 2.5mg of TiO beads to a new tube for each sample (5:1 (w/w) beads/peptide ratio). 

• Centrifuge the peptides for 10min at 13,000g at 4°C. Collected the clear supernatant in 

the tube containing the TiO beads. 

• Incubate at 25°C for 30min with a 1250rpm agitation. 

• Centrifuge at 2000g for 1min. Discard the supernatant. 

• Resuspend beads in 200ul of loading buffer using water bath sonication. Centrifuge at 

2000g for 1min. Discard the supernatant. 

• Resuspend beads in 200ul of Wash buffer 1 using water bath sonication. Centrifuge at 

2000g for 1min. Discard the supernatant. 
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• Resuspend beads in 200ul of Wash buffer 2 using water bath sonication. Centrifuge at 

2000g for 1min. Discard as much supernatant as possible. 

• Dry the beads in the SpeedVac for 15min. 

• Add 200ul of 5% ammonium hydroxide solution to elute the peptides. Incubate at room 

temperature for 10min with a 1500rpm agitation. 

• Centrifuge at 2000g for 1min. Collect the supernatant in a new tube. 

• Completely dry the peptides via SpeedVac. 

• (Optional: Residual beads can be removed by filtration (e.g., Stage tips used with 

acetonitrile). Filtered peptides should then be dried out using a SpeedVac). 

• Resuspend dried peptides in 12ul of 1% Formic acid. Send directly to the mass 

spectrometer for data acquisition. 

 


