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Supplemental Material 

Phosphoproteins isolated using Qiagen PhosphoProtein Kit:  Samples were then concentrated 

and run on an SDS page gel then briefly stained with Coomassie G250. The lane was cut into 8 

pieces, and each piece was diced into 1 mm cubes for trypsin digestion.   25 mM ammonium 

bicarboniate/50% acetonitrile was used to de-stain the gel pieces.  Dithiothreitol was used for 

reduction and iodoacetamide for alkylation. Sequencing grade modified trypsin (Promega, 

Madison, WI) was used for digestion and the gel pieces were then incubated 16-24 hours at 

37oC.  The digest solution was transferred to clean microcentrifuge tubes after which 50% 

acetonitrile/5% formic acid was added to cover the gel pieces.  The gel pieces were incubated for 

30 minutes and then the supernatant added to the previously collected digest solution.  The 

collected digest solution was then dried using a speed vac, re-suspended in 0.1% trifluoroacetic 

acid and analyzed by liquid chromatography-matrix assisted laser desorption ionization (LC-

MALDI) mass spectrometry.   

 

Phosphopeptides were isolated using PhosSelect (Sigma Aldrich):   Protein was collected as 

described using the RIPA lysis buffer and 4 mg of protein was desalted using acetone 

precipitation.  The pellet was re-suspended in 8 M Urea 25 mM Tris-HCl, reduced with 

dithiothreitol, then alkylated with iodoacetamide.  After diluting 4 fold with 25 mM Tris-HCl, 

proteins were digested in trypsin at a ratio of enzyme to protein of 1:20.  Peptides were desalted 

using C18 solid phase extraction columns followed by immobilized metal affinity 

chromatography enrichment.   

 

LC-MALDI – Peptides from the gel bands were analyzed using LC MALDI.   
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50% of each sample well was first loaded onto a trap column (Agilent Zorbax SB-C18, 5µm, 

5x0.3cm) at a flow rate of 15 µl/min of 2% acetonitrile/ 0.1% trifluoroacetic acid.  Peptides were 

eluted from the trap onto a reverse phase capillary column for separation (Agilent, 75 um x 15 

cm, 300SB-C18).  Peptides from each band were separated on an Agilent 1100 HPLC at a flow 

rate of 500 nl/min.  The elution gradient was 5-40% acetonitrile 0.1% TFA in 70 minutes and the 

eluted peptides were mixed with a 5 mg/ml α-cyano-4-hydroxy-cinnamic acid in 70% 

acetonitrile 10 mM ammonium phosphate monobasic at a flow rate of 1200 nl/min.  Fractions 

were collected every 15 seconds.  Mass spectra were acquired using an Applied Biosystems 

model 4800 Proteomics Analyzer and 4000 Series Explorer software (Version 3.5.1). Mass 

spectra between mass-to-charge ratio (m/z) 800-4000 were acquired for each spot using 1000 

laser shots. MS/MS spectra were derived from up to 2000 laser shots depending on the 

fragmentation of the precursor ion. Fragmentation of the precursor ions was induced by the use 

of atmosphere as a collision gas with a pressure of 1x10-6 Torr and collision energy of 2 kilo-

electron volts. For peak detection, cluster area signal-to-noise optimization was used with a 

signal-to-noise threshold value of 30. 

 

Peptide identifications were performed using the MASCOT search engine (Version 1.9 Matrix 

Science, London, UK) via GPS Explorer (Version 3.6). Each MS/MS spectrum was searched 

against the NCBI nr database of human protein sequences.  Protein identifications with 

confidence interval >95% were retained.  The MASCOT search parameters were as follows:  

methionine oxidation, carbamidomethylation, and phosphorylated serine/threonine/tyrosine were 

selected as variable modifications; 1 missed cleavage was allowed; precursor error tolerance of 
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100 parts-per-million and MS/MS fragment tolerance of 0.3 Dalton were selected.  Quantitation 

was obtained using GPS explorer.  In addition, modifications for SILACTM lysine (+6) and 

arginine (+10) were included.  Because many of the peptides were not phosphorylated, only 

peptides with an identified phosphorylation via MASCOT were retained. 

 

Electrospray Ionization (ESI) Mass Spectrometry  

 

The phosphopeptides were analyzed by ESI-MS/MS on a Thermo-Electron ProteomeX LC/MS 

workstation, consisting of a LCQ DecaXP Plus Ion-Trap mass spectrometer equipped with a 

nanospray ion source and an LC system with two Surveyor HPLC pumps and Surveyor 

autosampler.   50% of each sample well was first loaded onto a trap column (Agilent Zorbax SB-

C18, 5µm, 5x0.3cm) at a flow rate of 15 µl/min of 3% acetonitrile/ 0.1% formic acid.  Peptides 

were eluted from the trap onto a reverse phase capillary column in the nanospray source for 

separation (New Objective PicoFrit, 75 µm x 10 cm, 15 µm tip, with BioBasic C18, 5 µm, 300 Ǻ 

pore size).  The elution gradient was 3-40 % acetonitrile/ 0.1 % formic acid in 46 min flowing at 

a rate of 400 µl/min.  The nanospray source spray voltage was 1.8 kV.   The LCQ DecaXP Plus 

Ion-Trap mass spectrometer was set to acquire one full MS scan from 380 – 1600 m/z, followed 

by three data-dependent MS/MS scans of the top 3 most intense ions, using a normalized 

collision energy of 35 % and an isolation width of 2.5 m/z.  To ensure adequate coverage of co-

eluting peptides, dynamic exclusion was used with a repeat count of 2, repeat duration of 0.5 

min, and exclusion duration of 2 min.  MS/MS spectra from LC-MS runs were searched against 

the NCBI Human database using TurboSEQUEST in Thermo-Electron’s Bioworks Browser 3.2.    

Search conditions included trypsin as enzyme with complete cleavage (at both ends) and 2 
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possible missed cleavages, differential modifications of phosphorylation on serine, threonine, 

and tyrosine, oxidation (+16) on methionine, and a static modification of carbamidomethylation 

for cysteine.   SILAC lysine and arginine were also included as differential modifications.   

Search results filters were set as follows:  Xcorr values of 1.7, 2.2, and 3.7 for +1, +2, and +3 

charged peptides, delta Cn of 0.1, preliminary rank score (RSp) no greater than 4, and peptide 

probability of 0.05. 
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Figure S1.  ESI-MSMS daughter-ion (single and doubly charged) spectrum of the FLNa peptide 

(m/z 650.2, in the doubly charged state). Equal amounts of SILAC-Light and SILAC-Heavy 

proteins were mixed, digested overnight with trypsin, and analyzed by ESI-MSMS. The mass 

spectrometry data were analyzed by MASCOT search engine. 

 
 
 


