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 DOCUMENT INFORMATION 

1.1 Purpose 
This standard operating protocol (SOP) document is the result of evaluating key experimental 
parameters regarding the use of carboxylate-modified paramagnetic particles for contaminant 
removal from peptide samples prior to LC-MS/MS analysis. In an effort to respond to recent calls 
for increased scientific rigor and reproducibility in scientific research, we provide detailed 
instructions and suggestions for the purpose of transparency, to minimize the need for duplication 
of the method development efforts, and to provide an easy-to-implement protocol that non-experts 
can implement with high success.  

1.2 Scope 
We expect that the information contained herein will be valuable for investigators new to this 
technique and will be consistent with the observations of laboratories with established expertise.  

1.3 Outline 
The document is organized into the following sections: 

General Suggestions: a list of general observations, suggestions, and considerations 
for SP2 cleanup 

Protocol for Manual SP2 Cleanup: a streamlined, validated, and replicable protocol for 
peptide cleanup  

Protocol for Automated SP2 Cleanup: a streamlined, validated, and replicable 
protocol for peptide cleanup using a liquid handling workstation. We provide details for 
the epMotion® 5073m, but expect that other liquid handling workstations will be similarly 
suitable. 

 

1.4 Abbreviations 
The following abbreviations are used in this document: 

• LC – Liquid chromatography 
• MeCN - Acetonitrile 
• MS – Mass spectrometry  
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 GENERAL SUGGESTIONS 

At the time of manuscript preparation, the GE Life Sciences carboxylate-modified magnetic 
particles are provided by the manufacturer at a concentration of 50 µg/µL. This protocol retains 
this concentration after washing the particle stock. It is noted that the particle suspension can be 
pipetted easily at twice this concentration, which could be advantageous for experiments where 
a reduced volume is required for cleaning larger amounts of sample. 

The bulk particles from the manufacturer settle during storage and form a mass that can be difficult 
to dissociate. Prolonged and vigorous mixing is required to yield a homogeneous suspension. We 
have found placing the stock on an orbital shaker for 30 min is sufficient agitation for particle 
resuspension and can be used in combination with vortexing. 

In our experience, the Sera-Mag SpeedBeads and original Sera-Mag versions perform 
equivalently in terms of recovery and cleaning capacity. While the SpeedBeads are more strongly 
attracted to the magnet and this is most apparent in the first ten to fifteen seconds of settling, after 
one minute either type of particle is fully settled against the magnet. 

 

 PROTOCOL FOR AUTOMATED SP2 CLEANUP USING THE epMOTION® 5073m 

 

3.1.1 Reagent List 
Item Vendor Catalog # 
Sera-Mag SpeedBead Carboxylate-Modified Magnetic Particles 
(Hydrophylic) GE Life Sciences 45152105050250 

Sera-Mag SpeedBead Carboxylate-Modified Magnetic Particles 
(Hydrophobic), GE Life Sciences 65152105050250 

LC-MS grade water Various  

LC-MS grade acetonitrile (MeCN) Various  

10% formic acid Various  
epMotion® 5073m Automated Liquid Handling Workstation with 
integrated ThermoMixer and magnetic separation stage Eppendorf  

1.5 mL microfuge tubes (low binding) FisherScientific 02-681-320 

Deepwell Plate 96/1000 µL Eppendorf 95103271 

epMotion® Dispensing tool, TM1000 Eppendorf 960001061 

epMotion® Dispensing tool, TM50 Eppendorf 960001044 

epMotion® Dispensing tool, TS50 Eppendorf 960001010 

epT.I.P.S.® Motion 1000 µL Eppendorf  00300014480 

epT.I.P.S.® Motion 50 µL Eppendorf  00300014405 

200 µL gel-loading tips FisherScientific 02-707-81 

Magnetic rack Permagen  MSR24 or similar 

Mini centrifuge   Various  
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3.1.2 Important Notes 
• All steps are performed at room temperature. 
• The 96-DWP has a bottom volume of 16 μL that must be considered for several steps. 

For example, if there is 60 μL of solution in a particular well, only 44 μL can be 
removed. 

• The multi-channel pipette holders used on the epMotion are configured to aspirate and 
dispense solutions simultaneously into one column of a 96 well plate. Therefore, in the 
current format, up to eight peptide samples can be cleaned simultaneously. 

• As samples can be neither vortexed nor ‘finger-flicked’ on the epMotion, shaking and 
trituration are used as modes to mix samples/particles. 

• There are two steps where manual intervention are required: 
1. Between Applications B and C – to remove any remaining bottom volume 

after the last wash. This is important to remove so that the final concentration 
of MeCN in the elution solution is optimal. 

2. At the final step - remove the cleaned peptides from the particles. Due to the 
bottom volume of the system, we manually remove the cleaned peptide 
solution so that the entirety of the volume is removed, thus maximizing the 
sample that is used for LC-MS/MS.  

• This SOP has been written for the epMotion® 5073m, but it is expected that this 
application could be modified for other automated liquid handling systems. 
• The complete SOP is written as three separate applications (A, B,C), that are 

implemented in succession. The electronic application files for the epMotion® 5073m 
are freely available for download at: http://www.cellsurfer.net/sp2/ 

• The SOP for the epMotion® 5073m has been written for cleaning 5 μL of peptides 
with 6 μL of SP2 particles, these values, and subsequent volumes of MeCN and 2% 
MeCN will need to be adjusted as appropriate for different peptide quantities. 

3.1.3 Download Electronic Files 
The automated SOP is written as three separate applications (A, B, C), which must be 
completed in succession for a full SP2 cleanup. All application files for the epMotion® (.DWS 
extension) are freely available for download here: 

http://www.cellsurfer.net/sp2/ 

3.1.4 Experiment planning 
1. If using a 1000 µL deepwell plate, it is ideal if the total volume of sample + diluent + 

particle is no more than 40 μL  
2. Determine the amount of peptide sample that needs to be cleaned, considering: 

a. The expected recovery – over 80% recovery has been observed but it is 
recommended to conservatively estimate that 50% of peptides will be recovered, 
and therefore the amount of peptide required for MS analysis will determine how 
much peptide sample to cleanup 

b. The loading amount, the number of desired injections on the mass spectrometer, 
and the injection mode (i.e. full-loop injection requires extra cleaned sample for 
overfill). Collectively these define the final volume the peptides should be eluted 
into, or whether dilution of the cleaned sample is required. 

http://www.cellsurfer.net/sp2/
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3. Determine the volume of particle solution to be used. Recovery is maximized and 
relatively stable using 0.2-0.4 µL of 50 µg/µL particle suspension per µg of peptide 
(representing a 10:1 to 20:1 particle:peptide ratio) 

4. Determine the amount of MeCN required to bring sample to a final concentration of 
95% MeCN. 
a. If the peptide solution is 100% aqueous, the volume of MeCN required is 19 

times total volume (total volume = peptide + particle solution volume) 
b. If the peptide solution contains MeCN, use the following equation:  

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑒𝑒𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =  
(95% ∙ 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑒𝑒𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑀𝑀) + ((%95− [𝑀𝑀𝑒𝑒𝑀𝑀𝑀𝑀]𝑠𝑠𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑀𝑀) ∙ 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑒𝑒𝑠𝑠𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑀𝑀)

5%
 

5. Determine the elution volume, considering: 
a. The % recovery is maximized when using ≥ 9 times the Volume of Particles 
b. The desired concentration of the eluted peptide with regards the amount to be 

loaded onto the mass spectrometer 
6. Taking into consideration steps 1-6, example values: 

a. For 15 µg of peptide solution at 1 µg/µL 
b. Use 6 µL of particle volume 
c. MeCN volume 

i. If digest is aqueous, add 399 µL MeCN 
ii. If digest is 20% MeCN, add 339 µL MeCN 

d. Elution volume – 60 uL 
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3.1.5 Stage Setup 
The stage setup of the epMotion for each of the three applications that are used in succession to 
complete the full SP2 cleanup protocol.   
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3.1.6 Particle Preparation 
1. Remove both sets of particle stocks from the refrigerator and allow them to warm to 

room temperature. Shake and vortex sufficiently to fully suspend the particles. This 
may require prolonged and vigorous mixing. 

2. Combine 100 μL of hydrophylic particles with 100 μL of hydrophobic particles and 
add 800 μL water in a low-binding microfuge tube. 

3. Place the microfuge tube on a magnetic rack and let the particles settle for 2 min. 
4. Remove the supernatant with a gel-loading tip and discard supernatant and tip. 
5. Remove the microfuge tube from the magnetic rack and rinse the particles with 1000 

μL water.  
6. Mix thoroughly by pipetting. 
7. Return the microfuge tube to the magnetic rack and let the particles settle for 2 min.  
8. Remove the supernatant with a gel-loading tip and discard supernatant and tip. 
9. Repeat steps 5-7 twice more. 
10. Add 200 μL of water to resuspend the particles at 50 μg/uL and store in the 

refrigerator.  
11. Prepared particles can be stored at 4°C indefinitely. Do not freeze the particles. 

3.1.7 Peptide Cleanup 
1. Remove particles from 4°C, vortex, transfer to a 10 mL reservoir, and allow to warm 

to room temperature for 10 min prior to use. 
2. Transfer peptide samples (up to eight) into a single column of a 96-DWP.  

a. For single samples this can completed manually. (Proceed to Step 6) 
b. Alternatively, multiple samples can be dispensed using Application A on the 

epMotion®. (Proceed to Step 4) 
3. Setup workspace for Application A: Peptide Dispensing as indicated in 4.1.4. 

a. Turn on the epMotion® 5073m.  

Unless indicated otherwise, the TM-1000 is set to aspirate liquids at a speed of 4 
mm/sec and to dispense liquids at a speed of 15.4 mm/sec with a delay blow of 0 
ms and a speed blow of 15.4 mm/sec, the TM-50 and TS-50 are set to aspirate 
liquids at a speed of 2.2 mm/sec and to dispense liquids at a speed of 33 
mm/sec, with a delay blow of 0 ms and a speed blow of 44 mm/sec. 

The epMotion® 5073m is set up to measure the total volumes of peptide to be 
dispensed, SP2 particles, 100% MeCN, and 2% MeCN in water required based 
on the volumes used during the application. If there is not enough liquid available 
for the application, or if labware is placed in the incorrect position, the instrument 
will provide an error message to the user and will not start the application. 

4. Start Application A: 
a. Use the TS-50 pipette to transfer the desired volume of peptide from position one 

of the Prep-rack in position A2 to a single column of a 96-DWP. 
i. Peptides are aspirated at a speed of 15.4 mm/s and dispensed at a 

speed of 33 mm/s with a blow delay of 0 ms and a blow speed of 44 
mm/s. 

b. Use the TS-50 pipette to transfer the desired volume of SP2 particles from 
position two of the Prep-rack in position A2 to a single column of a 96-DWP 
containing the peptides to be cleaned. 
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i. Pre-wet the tip, for 3 cycles, aspirating from the bottom of the Eppendorf 
tube, at 6.6 mm/sec with the SP2 particles for four cycles. 

ii. Dispense the particles at 66 mm/sec into the column of the 96-DWP that 
contains the peptides; the pipette tip is set to be below the level of the 
peptides when the particle suspension is being dispensed into the 
peptides. The particle suspension should correspond to particles 10-20 
times the mass of the peptides. At a suspension concentration of 50 
μg/μL, this corresponds to 0.2-0.4 μL of particle suspension per μg of 
peptide. 

c. At this point the application on the epMotion® ends. 
5. Setup workspace for Application B: Peptide Cleanup as indicated in 4.1.4. 
6. Start Application B: 

a. Shake the 96-DWP containing the peptides and the SP2 particles on the 
Thermomixer at 500 rpm for 1 minute to ensure the particles and peptides are 
well mixed. 

b. Use the TM-1000 pipette and pre-wet the tips with MeCN for four cycles. 
c. Dispense 100% MeCN to sample so that the final MeCN concentration is 95%. 

(see planning section) 
d. Using the same 1000 μL tips, mix the combined particle, peptide and 100% LC-

MS MeCN suspension for 4 cycles at a speed of 7.5 mm/sec, ensuring a 
minimum of 16 μL of the suspension remains at the bottom of each well in the 
96-DWP.  

e. Allow the suspension to settle for 2 min. 
f. Use the gripper to transport the 96-DWP to the magnetic stage, location C1 on 

the epMotion®. 
g. Allow the particles to settle for 2 min. 
h. Remove the supernatant in two portions, this method ensures the particles are 

not disturbed: 
i. Using the TM-50, remove 170 μL, aspirating at a speed of 2.2 mm/sec. 
ii. Using the TM-50, remove 34 μL (Total volume – 170 μL, leaving a bottom 

volume of 16 μL), aspirating at a speed of 2.2 mm/sec. 
iii. For removing larger volumes, the TM-1000, aspirating at a speed of 1.5 

mm/sec can be used to remove the majority of the MeCN (Total volume – 
84 μL). The final 84 μL should be removed using the TM-50 to prevent 
disturbing the SP2 particles. 

i. Use the gripper to transport the 96-DWP to the Thermomixer (location A1). 
j. Use the TM-1000 to add 500 μL of 100% MeCN to each well in the column 

containing samples. Pre-wet the pipette tips 4 times prior to transferring the 
solvent. Once the solvent has been transferred to the 96-DWP, mix 180 μL of the 
suspension for two cycles at a speed of 7.5 mm/sec. 

k. Use the gripper to transport the 96-DWP to the magnetic stage, location C1 on 
the epMotion®. 

l. Allow the particles to settle for 2 min. 
m. Remove the supernatant in three portions, this method ensures the particles are 

not disturbed: 
i. Using the TM-1000, remove 200 μL, aspirating at a speed of 1.5 mm/sec. 
ii. Using the TM-1000, remove 200 μL, aspirating at a speed of 1.5 mm/sec. 
iii. Using the TM-50, remove 100 μL, aspirating at a speed of 2.2 mm/sec. 
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n. Repeat steps i-m so that the peptides are washed twice. 
o. At this point the application on the epMotion® ends. 

7. Remove the 96-DWP and the magnetic rack from the epMotion® with the 96-DWP 
remaining on the magnetic rack and place on the bench. 

8. While the 96-DWP remains on the magnetic stage, manually remove any liquid 
remaining on the particles (16 μL) using a gel-loading tip. 

9. Setup stage for Application C: Peptide Elution as indicated in section 4.1.4.  
a. Move the magnetic rack to location C1 
b. Move the 96-DWP to the Thermomixer (location A1) 
c. Replace TM-1000 with TS-50  
d. Place the Prep-Rack with clean microfuge tubes at position A2 in the epMotion 

10. Start Application C: 
a. Use the TM-1000 pipette, add a volume of 2% MeCN that is 10 times the volume 

of SP2 particles to the wells of the 96-DWP that contains the peptide-particle 
suspension (i.e. for 6 μL of SP2 particles, add 60 μL of 2% MeCN) 

b. Shake the 96-DWP 1000 rpm for 5 min 
c. Use the gripper to transport the 96-DWP to the magnetic rack 
d. Allow the 96-DWP to sit for four min 

i. For sample-limited peptides: Program the epMotion® to stop, remove the 
96-DWP and the magnetic rack to the bench, and using a gel-loading tip, 
remove the supernatant and transfer to a clean microfuge tube. 

ii.  
e. Using the TS-50 pipette, transfer 40 μL of the 2% MeCN to clean microfuge 

tubes in the Prep-Rack at position A2, aspirating at a speed of 2.2 mm/sec. 
f. At this point the application on the epMotion® ends 

11. Strongly recommended, though optional: To eliminate any potential particle carryover 
that can occur when removing the supernatant, it is recommended to repeat steps 
10.e.-10.f. by hand transferring the supernatant to a new microfuge tube. 

12. Acidify sample with 10% formic acid to a final concentration of 0.1% acid. 
13. Spin down the sample at 14000 ×g for 10 min and then transfer the supernatant to 

an MS sample vial 
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