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Preparation of cell and tissue lysates
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This document describes lysis protocols for adherent and suspension cells in culture and for fresh-frozen (cancer) tissues (resection and needle biopsy). When the aim of the experiment is phosphoproteomics, a urea buffer including phosphatase inhibitors is required. The urea buffer proper is also compatible with proteomics and may be mixed 1:1 with the SDS buffer for S-Trap-based sample preparation (see our S-Trap protocol). Lysis in SDS-containing buffer may be slightly more efficient, so if the goal is only proteomics, then lysis in SDS buffer may be considered. When unsure, use an urea buffer.

Protocol A. Preparation of a cell lysate from cultured adherent cells for (phospho)proteomics 
This protocol describes the lysis of cells grown to 70-80% confluency in 15-cm dishes, using 1 mL of lysis buffer for a protein yield of 2-3 mg. This is enough for a pTyr IP using 
2 mg protein input and leaves enough for quality control and (pTyr) western blot analysis. The exact protein yield depends on the specific cell line you are using, and needs to be tested prior to the actual phosphoproteomic experiments. See below for an indication of the number of cells and dishes you 
need to obtain 2-3 mg protein. 
	Cell line
	# of cells (x106)
	# of 15-cm dishes

	HCT 116 (small cells)
	~15
	1

	HT29 (small cells)
	~15
	1

	786O (large cells)
	~30
	2









IMPORTANT GENERAL REMARKS:
· Keep cell confluency at time of harvesting constant at 70-80% across your experiments and do not grow cells too densely as this alters signaling!
· As phosphorylation is a rapidly changing state of proteins, it is of the utmost importance to work in an organized fashion and fast to keep phosphorylation from changing significantly during washing. Be sure to have all materials ready before you start. The whole procedure should not last longer than 15 min. Practice if needed prior to the experiment. 


Method
Getting to know your cell line(s)
1. Grow your cells in 15-cm culture dishes. As a first test, perform cell lysis of 70-80% confluent cultures such as detailed below from steps 2 onwards to determine how many dishes you will need to obtain 2-3 mg protein yield. Then start at step 2 for the real experiment.

Preparation of lysis buffer
2. Prepare fresh Lysis Buffer (1 mL / 15-cm culture dish). 
For phosphoproteomics: 
	Add:
	For 10 mL 
	For 1 mL 
	Concentration in Lysis Buffer

	10x HEPES Stock
	1 mL 
	100 µL 
	20 mM HEPES pH 8.0		

	Urea
	4.8 g 
	0.48 g 
	8 M CH4N2O	

	100x Orthovanadate
	100 µL 
	10 µL 
	1 mM Na3VO4

	50x NaPPi Stock
	200 µL 
	20 µL 
	2.5 mM Na4P2O7 (pyrophosphate)

	1000x ß-Glycerophosphate
	10 µL 
	1 µL
	1 mM Na2C3H7PO6

	MilliQ water
	To 10 mL
	To 1 mL
	


For ordinary proteomics, one can use a similar buffer without the orthovanadate, NaPPi and ß-glycerophosphate additions, or SDS-based S-Trap Buffer (see S-Trap Protocol).
Washing of cells (room temperature)
3. Process up to 3 culture dishes, depending on the required amount. Discard culture medium from the dish(es) into a biohazard bin containing liquid absorption bags. 
	Carefully pour ± 10 mL room temperature PBS into (each) dish and swirl briefly. 
4. Discard PBS into the biohazard bin by pouring and add another 10 mL PBS in the dish(es). 
5. Discard PBS into the biohazard bin and leave the dish(es) in tilted position for ~30 seconds. 
6. Remove the last drops of PBS with a Pasteur pipette.

Lysis of cells (room temperature)
7. Add 1 mL Lysis Buffer per dish, and swirl to distribute the buffer over the entire surface of the dish (cell layer).
8. Scrape the cells into the Lysis Buffer with a cell scraper.
9. Leave the dishes in tilted position to allow the lysate to flow to the bottom. 
 	Try to minimize the time that the lysate is left in the dish. 
10. Collect the lysate from the dishes in a labelled “Lysate” tube.
11. When processing more than 3 plates for one cell line/replicate, repeat steps 3-10 with any additional dishes. For lysis, use the SAME 'Lysis Buffer' (already containing lysate from the first 3 dishes) recovered in step 10. 
 	Thus, all dishes are processed with the same aliquot of Lysis Buffer. 
The "Lysate" tube, after proper labelling, can be stored at -80 °C if necessary.

Sonication of lysate
12. When lysates were stored in -80 °C, thaw lysates:
	a) at room temperature while resuspending the lysate every 5 minutes, or 
	b) on ice, if you are doing other things in between thawing.
	At low temperatures, urea precipitates from solution; dissolve precipitate by warming the lysate in 	your hands for a few seconds.
13. Centrifuge 1 min at 5,400 x g and 10 °C to collect all insoluble material at the bottom for sonication. 
14. Install the medium-size tip on the Fisher P120 sonicator. 
Program it to 20s processing time, pulse 1s on, 2s off, 40% amplitude. 
15. Place the tube in a glass beaker containing an ice/water slurry, and immerse the sonicator tip well into the lysate solution to avoid foaming (see Figure). 
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Sample A will foam and will not process well. Sample B will not circulate the liquid effectively and will not process well. Sample C shows appropriate tip depth that will achieve good results in the shortest time. Credit: QSonica





16. Sonicate lysate on ice, keeping an eye on the insoluble material. 
17. Centrifuge 10 min at 5,400 x g and 10 °C. 
18. Transfer the supernatant to a new tube. Discard the pellet.
19. Store clarified lysate at -80 °C until needed.

Aliquoting and storage of lysate
20. Take aliquots:
	30 µL for protein concentration measurement
	5-10 µL for quality control by SDS-PAGE
	~10% or 500 µL for western blot analysis (using e.g. p-Tyr-1000  antibody)
21. Store lysate at -80 oC until needed.




Protocol B. Preparation of a cell lysate from cultured suspension cells for (phospho)proteomics.
This protocol describes the lysis of a cell suspension to obtain a protein yield of ~2-3 mg. This is enough for a pTyr IP using 2 mg protein input and a sample for quality control and (pTyr) western blot analysis. The exact protein yield depends on the specific cell line you are using and needs to be tested prior to the actual phosphoproteomic experiment. 
The day before harvesting and lysis, inoculate cultures at a cell density that ensures logarithmic growth at the time of harvesting (the inoculum should be adjusted to the optimal density for your specific cell line, e.g. ~0.6 x 106 cells/mL, as the cell culture will become stationary next day when cell density is too high). For each experimental condition, grow ~3 x 107 cells in culture flasks (use a maximum of 30 mL in a T75 or 80 mL in a T175). This should suffice to produce 2-3 mg of soluble protein. See example below (for leukemia cell lines).
	Cell line
	# of cells (x106)
	Volume cell suspension

	EOL-1
	37
	~45 mL

	HL-60
	22
	~25  mL

	Kasumi-1
	35
	~40 mL

	Kasumi-6
	25
	~32 mL

	KG-1a
	35
	~40 mL

	MM6
	22
	~20 mL

	MOLM-13
	25
	~30 mL

	K562
	30
	~25 mL













IMPORTANT GENERAL REMARKS:

· Keep cultures within the logarithmic growth range across your experiments, and do not grow cells too densely as this alters signaling!
· As phosphorylation is a rapidly changing state of proteins, it is of the utmost importance to work in an organized fashion and fast to keep phosphorylation from changing significantly during washing. Be sure to have all materials ready and at the right temperatures before you start. The whole procedure should not last longer than 25 min until sonication. Practice if needed prior to the experiment. 
· Be very gentle with your cells during the harvesting as they will easily break with rough handling and this will cause protein degradation in your sample. Do NOT resuspend pellets by dragging the tubes across the air flow grating of the flow cabinet! Rather resuspend them by gently flicking the tube with your finger. Don’t spin down your cells at high speed. 


Method
Getting to know your cell line(s)
1. Count cells from a logarithmically growing suspension culture.
2. Perform cell lysis as detailed below from step 3 onwards on about 10-20 x 106 cells (adapting volumes accordingly) to define the approximate protein yield per cell and determine the volume of cells (grown to similar density) that you will need to obtain 2-3 mg protein yield. Then start at step 3 for the real experiment.

Preparation of lysis buffer
3. Prepare fresh Lysis Buffer.
For phosphoproteomics: 
	Add:
	For 10 mL 
	For 1 mL 
	Concentration in Lysis Buffer

	10x HEPES Stock
	1 mL 
	100 µL 
	20 mM HEPES pH 8.0		

	Urea
	4.8 g 
	0.48 g 
	8 M CH4N2O	

	100x Orthovanadate
	100 µL 
	10 µL 
	1 mM Na3VO4

	50x NaPPi Stock
	200 µL 
	20 µL 
	2.5 mM Na4P2O7 (pyrophosphate)

	1000x ß-Glycerophosphate
	10 µL 
	1 µL
	1 mM Na2C3H7PO6

	MilliQ water
	To 10 mL
	To 1 mL
	


For ordinary proteomics, one can use a similar buffer without the orthovanadate, NaPPi and ß-glycerophosphate additions, or SDS-based S-Trap Buffer (see S-Trap Protocol).

Washing of cells
4. Transfer a volume of cell suspension expected to yield 2-3 mg protein in a 50-mL 'red cap' tube. If necessary, divide over two tubes.
5. Centrifuge at 550 x g for 5 min at room temperature.
6. Carefully remove the supernatant and very gently loosen the pellet by tapping. 
	NOTE: Do NOT resuspend pellets by dragging the tubes across the air flow grating of the flow cabinet!
7. Add 25 mL cold PBS to the tube with a 25-ml pipette and quickly but gently resuspend the cell pellet. 
For a cell suspension divided over multiple tubes: Add 25 mL cold PBS to the first tube  as above and resuspend. Then quickly transfer the suspension to the next tube, collecting all cells in the same 25 mL of PBS. Repeat until all cell pellets derived from the same original suspension have been collected in a single 25-ml suspension in a 50-ml tube. 
8. Add cold PBS to a final volume of 50 mL.
9. Centrifuge at 550 x g for 5 min at 4 °C in a pre-cooled tabletop centrifuge to pellet the cells.
10. Remove supernatant with a 25-ml pipette.

Lysis of cells (room temperature)
11. Add 1 mL Lysis Buffer (for a number of cells expected to yield 2-3 mg protein) and pipette up and down a few times to suspend and lyse the whole pellet. 
12. Vortex 30 seconds on maximum speed.
13. Continue with sonication (below), or properly label and freeze the lysate in liquid nitrogen for storage at -80 °C.

[image: https://cdn.shopify.com/s/files/1/1726/3473/files/a-q-tubewater.jpg?8749919750305643347]Sonication of lysate
14. When lysates were stored in -80 °C, thaw lysates:
a) at room temperature while resuspending the lysate every 5 minutes, or 
b) on ice, if you are doing other things in between thawing.
At low temperatures, urea precipitates from solution; dissolve precipitate by warming the lysate in your hands for a few seconds.
15. Centrifuge 1 min at 5,400 x g and 10 °C to collect all insoluble material at the bottom for sonication. 
16. Install the medium-size tip on the Fisher P120 sonicator. 
Program it to 20s processing time, pulse 1s on, 2s off, 40% amplitude. Sample A will foam and will not process well. Sample B will not circulate the liquid effectively and will not process well. Sample C shows appropriate tip depth that will achieve good results in the shortest time. Credit: QSonica


17. Place the tube with lysate in a glass beaker containing an ice/water slurry, and immerse the tip well into the lysate solution (figure). 
18. Sonicate lysate on ice, keeping an eye on the insoluble material. 
19. Centrifuge 10 min at 5,400 x g and 10 °C. 
20. Transfer the supernatant to a new tube. Discard the pellet.


Aliquoting and storage of lysate
21. Take aliquots:
	30 µL for protein concentration measurement
	5-10 µL for quality control by SDS-PAGE
	~10% or 500 µL for western blot analysis (using e.g. p-Tyr-1000 antibody). 
22. Store lysate at -80 °C until needed.




Protocol C. Preparation of a tissue lysate from tissue slices
Guideline: The amount of protein after tissue lysis is approximately 1/10 of the total tissue wet weight. 
Twenty slices of 10 µm thickness from a 1-cm2 area tissue block will give a tissue wet weight of 20 mg (since 1 cm2 x 10 µm x 20 = 20 mm3; 1 mm3  1 mg ) and therefore, according to the above guideline, 2 mg protein, which is suitable as input for pTyr IP.
The optimal tissue-to-lysis buffer ratio (mg tissue/µL buffer) in general lies around 1:20 to 1: 40 ( 20-40 µL buffer/mm3 tissue), but one should aim for a final protein concentration of 1-2 mg/ml. Since each tissue type may be different, one should first perform a test lysis with tissue-buffer ratios prior to a (phospho)proteomic experiment.


IMPORTANT GENERAL REMARKS:

· Keep frozen tissue in ice / liquid nitrogen until the last moment. 
· Unless a device like a beatbox is used that enables parallel processing, make the tissue lysates one by one to avoid that lysates warm up or even reach room temperature.
· Avoid that lysates are on ice for extended times while others are being sonicated.
· A potter will only be necessary if tissue has not or not sufficiently been sliced previously.


Method
Generation of tissue slices
1. Generate the desired amount of sliced tissue (enough to yield 2-3 mg protein) by cutting 10-20-µm slices using a cryostat, while making sure that all tissue, materials, and slices are being kept at
	-20 °C continuously. 
2. Transfer slices to labelled 1.5- or 2-mL (pre-cooled) Eppendorf tubes, and keep the tubes in the cryostat. 
3. Transfer the Eppendorf tubes to liquid nitrogen without delay. For large amounts or large blocks of tissue, 5-mL Eppendorf vials may be useful. 

Preparation of lysis buffer
4. Prepare fresh Lysis Buffer.
For phosphoproteomics: 
	Add:
	For 10 mL 
	For 1 mL 
	Concentration in Lysis Buffer

	10x HEPES Stock
	1 mL 
	100 µL 
	20 mM HEPES pH 8.0		

	Urea
	4.8 g 
	0.48 g 
	8 M CH4N2O	

	100x Orthovanadate
	100 µL 
	10 µL 
	1 mM Na3VO4

	50x NaPPi Stock
	200 µL 
	20 µL 
	2.5 mM Na4P2O7 (pyrophosphate)

	1000x ß-Glycerophosphate
	10 µL 
	1 µL
	1 mM Na2C3H7PO6

	MilliQ water
	To 10 mL
	To 1 mL
	


For ordinary proteomics, one can use a similar buffer without the orthovanadate, NaPPi and ß-glycerophosphate additions, or SDS-based S-Trap Buffer (see S-Trap Protocol).

Lysis of tissue slices (room temperature)
5. Add the required amount of Lysis Buffer in a predetermined ratio (see previous page) to the tissue. 
6. Vortex the tissue at maximum speed (30-60 seconds) until all tissue has been solubilized. If the lysate is very viscous, additional Lysis Buffer may be added to ensure optimal protein extraction.

Sonication of lysate
7. Sonicate - without delay after step 6 - in three cycles of [20 seconds on, 60 seconds off] at maximum amplitude using the Branson high intensity cuphorn sonicator while cooling with ice. 
8. Centrifuge in a tabletop centrifuge for 10 min at maximum speed and room temperature if the samples are in 1.5- or 2-mL Eppendorf tubes, or for 15 min at 6000 x g if the volume is larger.
9. Transfer supernatants (cleared lysate) to new, pre-labelled Eppendorf tubes. Note down the total volume collected.




Aliquoting and storage of lysate
10. Take aliquots:
	30 µL for for protein concentration measurement
	5-10 µL for quality control by SDS-PAGE
	(if sufficient lysate is available) ~10% for western blot analysis (using p-Tyr-1000 antibody and 	possibly other antibodies). 
11. Snap-freeze lysates in liquid nitrogen, and store at -80 °C until needed.




Protocol D. Preparation of a tissue lysate from tissue biopsies
Despite a needle length of 1.5-2 cm for most needles used in biopsy devices, the total biopsy length is frequently shorter. According to literature, 18G (prostate) biopsies generally yield a tissue volume of 8-9 mm3, and 14G (breast) biopsies yield 15-25 mm3. This corresponds with approximately 8-9 mg tissue and 800 µg protein for 18G biopsies, and 15-25 mg tissue and 1.5- 2.5 mg protein for 14G biopsies, respectively.
Depending on the size of the biopsy, approximately 500-750 µL Lysis Buffer will be added to all slices of one complete biopsy. This will give a protein concentration of 1-3 mg/ml.


IMPORTANT GENERAL REMARKS:

· Tissue samples are lysed sequentially in batches.
· Avoid grinding with a potter to prevent loss of tissue and lysate.
· Avoid that lysates are on ice for extended times while others are being sonicated.


Method
Generation of tissue biopsy slices
1. Cut needle biopsies ‘longitudinally’ into 10-µm slices using a cryostat at -20 °C. See section  'Generation of tissue slices' in Protocol C. 
2. Prepare and store sandwich slides (5 µm thickness) to be used for HE and Ki67 staining separately. 

Preparation of lysis buffer
3. Prepare fresh Lysis Buffer.
For phosphoproteomics: 
	Add:
	For 10 mL 
	For 1 mL 
	Concentration in Lysis Buffer

	10x HEPES Stock
	1 mL 
	100 µL 
	20 mM HEPES pH 8.0		

	Urea
	4.8 g 
	0.48 g 
	8 M CH4N2O	

	100x Orthovanadate
	100 µL 
	10 µL 
	1 mM Na3VO4

	50x NaPPi Stock
	200 µL 
	20 µL 
	2.5 mM Na4P2O7 (pyrophosphate)

	1000x ß-Glycerophosphate
	10 µL 
	1 µL
	1 mM Na2C3H7PO6

	MilliQ water
	To 10 mL
	To 1 mL
	


For ordinary proteomics, one can use a similar buffer without the orthovanadate, NaPPi and ß-glycerophosphate additions, or SDS-based S-Trap Buffer (see S-Trap Protocol).




Lysis of tissue biopsy slices (room temperature)
4. Add 500-750 µL Lysis Buffer to the sliced biopsy. 
5. Vortex the tissue at maximum speed (30-60 seconds) until all tissue has been solubilized. If the lysate is very viscous, additional Lysis Buffer may be added to ensure optimal protein extraction.
6. Vortex for 1 min at maximum speed until all tissue has been solubilized. 
	If the lysate is very viscous, additional Lysis Buffer may be added to ensure optimal protein extraction.

Sonication of lysate
7. Sonicate - without delay after step 6 - in three cycles of [20 seconds on, 60 seconds off] at 100% amplitude using the Branson cuphorn sonicator while cooling with ice. 
8. Centrifuge in a tabletop centrifuge for 15 min at maximum speed and room temperature.
9. Transfer supernatants (cleared lysate) to new, pre-labelled Eppendorf tubes. 

Aliquoting and storage of lysate
10. Take aliquotes:
	12 µL for protein concentration measurement
	(if sufficient lysate is available) ... µL for quality control by SDS-PAGE
	(if sufficient lysate is available) ... µL for western blot analysis (using p-Tyr-1000 antibody and 	possibly other antibodies). 
11. Snap-freeze lysates in liquid nitrogen, and store at -80 °C until needed.
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