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Abstract
Isobaric labeling is one of the wide-spread high throughput proteome quanti�cation strategies, where
enzymatically digested protein extracts from different experimental groups are labeled with chemical
tags and yield identical mass shift for individual peptides in MS precursor scan, whereas quantitation can
be achieved by comparing reporter ion ratios upon fragmentation in tandem MS scan. In addition to
commercial tags such as TMT and iTRAQ, we developed 4-plex and 12-plex N,N-dimethyl leucine (DiLeu)
tags as cost-effective alternatives with comparable performance 1,2. DiLeu labeling methods allow
multiplexing of samples and enable comparative analysis of acetyl-CoA �ux regulated proteomes from
different mouse models in the same LC-MS runs, providing statistically reliable data that avoids run-to-
run variations. This protocol describes steps including 40 hrs of sample preparation of lysis, tryptic
digestion, tag labeling, SCX puri�cation and high pH fractionation, as well as details about LC-MS/MS
analysis and data processing. The protocol can be applied to other proteome quantitation systems.

Introduction

Reagents

Equipment

Procedure
A.    Tissue Lysis and Protein Extraction

1.      Prepare 10 mL lysis buffer (8M urea, 50 mM Tris Base, 5 mM CaCl2, 20 mM NaCl, 1 EDTA-free Roche
protease inhibitor tablet (11836170001), 1 Roche PhosSTOP phosphatase inhibitor tablet
(04906845001)), adjust pH to ~8 by adding HCl;

2.      Place tissue in 2 mL Eppendorf tube;

3.      Add 500 µL lysis buffer;

4.      Vortex sample until it begins to break up, some tissue may require vigorous manual lysis;

5.      (Place sample in 4 ºC ice water bath to keep cold) Use a probe sonicator to perform three 15 second
sonication pulses at 50% amplitude (60W), each followed by a 30 second rest period;

6.      If necessary, repeat sonication until tissue is lysed. Lysate may be cloudy, but should be free of any
macroscopic tissue pieces;

7.      Centrifuge lysate at 14000 xg, 4 ºC for 10 min, discard debris;
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8.      Measure protein concentration from the supernatant in step 7 with Pierce BCA Protein Assay Kit
(Thermo Fisher), following the manufacturer’s protocols;

9.      Store sample at -80 ºC for future use.

 

B.     Trypsin Digestion and Desalting

1.      Prepare 10 mL 50 mM Tris buffer (pH~8);

2.      Prepare 100 mM DTT stock solution in 500 μL Tris buffer;

3.      Prepare 200 mM IAA stock solution in 250 µL Tris buffer;

4.      Reduction: add stock DTT to sample lysate solution to a concentration of 5 mM, incubate for 1 hr;

5.      Alkylation: after incubation with DTT, add stock IAA to a concentration of 15 mM, incubate for 30
min in the dark; Quench reaction by adding same amount of DTT as in step 4;

6.      Add Tris buffer to adjust urea concentration to 0.9 M;

7.      Add trypsin with a 1:50 (w/w) enzyme to protein ratio and incubated for 18 hrs at 37 °C;

8.      Quench digestion by the addition 10% TFA to a �nal concentration of 0.3%;

9.      Desalt the tryptic peptides with a C18 SepPak cartridge (Waters, Milford, MA), following the
manufacturer’s protocols;

10.  Dry desalted peptides under vacuum and store sample at -80 ºC for future use.

 

C.    DiLeu Labeling

1.      Prepare activation solution by dissolving 36.8 mM DMTMM and 36.8 mM NMM in anhydrous DMF;

2.      Dissolve each channel of DiLeu tags in activation solution with 1:0.6 tag to DMTMM ratio and
vortex for 1 hr;

3.      Dissolve peptide samples in 0.5 M TEAB (1/5 volume of activation solution used in step 2); combine
activated labels with samples in each vial, vortex for another 2 hrs;

4.      Quench reaction with 5% NH2OH to make �nal NH2OH concentration of 0.25%;

5.      Combine 4-plex DiLeu labeled peptides, dry down under vacuum.
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D.    SCX Puri�cation

1.      Prepare binary mobile phase A: 10mM ammonium formate, 25% acetonitrile, pH 3.0; B: 500 mM
ammonium formate, 25% acetonitrile, pH 6.8;

2.      Reconstitute labeled peptides in 100 µL mobile phase A and inject into the SCX column;

3.      SCX gradient: the PolySULFOETHYL A column (200 mm × 2.1 mm, 5 μm, 300 Å, PolyLC, Columbia,
MD) was initially loaded and washed for 20 min with 0% B; Peptides were eluted using a linear gradient
of 0−50% B over 50 min and then increased to 100% over 10 min. The column was subsequently washed
at 100% B for an additional 10 min, all at a �ow rate of 0.2 mL/min.

4.      Collect and pool eluent from 20-60 min, peptides should be puri�ed;

5.      Dry down collected peptides under vacuum.

 

E.     High-pH Fractionation

1.      Prepare binary mobile phase A: 10mM ammonium formate, 100% aqueous solvent, pH 10.0; B: 10
mM ammonium formate, 90 % acetonitrile, pH 10.0;

2.      Reconstitute labeled peptides in 100 µL mobile phase A and inject into the C18 column;

3.      Fractionation gradient: the reversed phase C18 column (150 mm × 2.1 mm, 5 μm, 100 Å,
Phenomenex, Torrance, CA) was initially loaded and washed for 4 min with 1% B; Peptides were eluted
using a linear gradient of 1−50% B over 50 min and then increased to 100% B over 10 min. The column
was subsequently washed at 100% B for an additional 10 min, all at a �ow rate of 0.2 mL/min.

4.      Collect eluent for every minute from 3-60 min;

5.      Pool every 1-min fractions with 10 min spacing into ten concatenated fractions, dry samples under
vacuum.

 

F.     LC-MS/MS analysis

1.      LC-MS/MS analysis was performed using an Orbitrap Fusion Lumos Tribrid mass spectrometer
(Thermo Fisher Scienti�c) interfaced with a Dionex Ultimate 3000 UPLC system (Thermo Fisher
Scienti�c). A binary solvent system composed of H2O containing 0.1% formic acid (A) and ACN
containing 0.1% formic acid (B) was used for all analysis.



Page 5/6

2.      Samples were reconstituted in 0.1% FA, 3% ACN at 1μg/μL peptide concentration. 2 μg peptides in
each high-pH fraction were loaded and separated on a 75 μm i.d. x 15 cm self-fabricated column packed
with 1.7 µm, 150 Å, BEH C18 material obtained from a Waters UPLC column (part no. 186004661).

3.      Nano-LC gradient: Labeled peptides were separated by a 90 min gradient from 3% to 30% ACN with
0.1% FA, followed by 10 min to 75% ACN and then 10 min to 95% ACN. After that, the column was
equilibrated at 3% ACN for 15 min to prepare for the next injection.

4.      MS parameters: survey scans were performed with a scan range from 350 to 1500 m/z at a
resolving power of 60K with an AGC target of 2 × 105. Top 15 precursors were selected with an isolation
window of 1 Da and fragmented with HCD NCE of 30. MS2 scan was recorded in the Orbitrap with a
resolving power of 15K. A lower mass limit of 110 m/z was set for DiLeu-labeled peptides. Dynamic
exclusion was set at 45 s with a 10 ppm tolerance.

 

G.    Data Processing

1.      Raw �les were processed with Proteome Discoverer 2.1 engine (Thermo Fisher Scienti�c, San Jose,
CA) with Byonic search engine (Protein Metrics Inc, San Carlos, CA);

2.      Searching parameters: spectra were searched against the Uniprot Mus Musculus reviewed database
with trypsin as the enzyme and maximum two missed cleavages. The parent mass error tolerance was
set to be 50 ppm and fragment mass tolerance was 0.02 Da. Fixed modi�cations included DiLeu labels
on peptide N-termini and lysine residues (+145.12801 Da) and carbamidomethylation on cysteine
residues (+57.02146 Da). Dynamic modi�cations included oxidation of methionine residues (+15.99492
Da). Identi�cations were �ltered at 1% peptide and protein false discovery rate (FDR). Quantitation was
performed in Proteome Discoverer with a reporter ion integration tolerance of 20 ppm for the most
con�dent centroid. Only the peptide spectrum matches (PSM)s that contained all reporter ion channels
were considered, and protein quantitative ratios were determined using a minimum of one unique
quanti�ed peptide;

3.      Statistical analysis: Reporter ion ratio values for protein groups were exported to Excel workbook
and student t-test was performed with biological quadruplicates. Proteins that had >20% fold change and
P<0.05 were �ltered as signi�cant changes.

Troubleshooting

Time Taken

Anticipated Results
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