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Abstract. Carbonylation is a non-enzymatic irreversible posttranslational protein 

modification and the main hallmark of protein oxidative damage. Elevated levels of 

protein carbonyl groups have been detected in age-related and metabolic diseases such 

as obesity, diabetes, Alzheimer, Parkinson, and several other oxidative stress-related 

maladies. Interestingly, many studies have shown that only a subset of proteins is 

carbonylated under the conditions of oxidative stress, demonstrating that carbonylation 

is a highly selective process. As a consequence, to identify and quantify the disease-

induced changes on a certain carbonylome are crucial to understanding the etiology and 

progression of numerous diseases and then, design adequate prevention/palliation 

strategies. However, the low abundance of carbonylated proteins in vivo, the enormous 

diversity of reactive species and their relative lability makes the analysis of 

carbonylated proteins a challenging task for redox proteomics technology. Therefore, 

we present a proteomics approach based on the labeling of carbonyls formed in vivo on 

proteins using the fluorescein 5-thiosemicarbazide (FTSC) tag to detect the subset of 

carbonylated proteins amongst a complex mixture of proteins regardless the nature of 

carbonyl-adduct; isolation and relative quantification of carbonylated proteins in 2D-gel 

electrophoresis and protein identification by LC-MS/MS analysis. This method has been 

successfully used for the evaluation of in vivo protein carbonylation in very diverse 

animal tissues (plasma, liver, kidney, skeletal muscle and adipose tissue) and species 

(from fish to mammalian) and has also been applied in different research fields (from 

food technology to nutrition), demonstrating its robustness and reliability. 

 

Key words: in vivo protein carbonylation; FTSC; fluorescent tag; oxidative stress; 

redox proteomics; mass spectrometry; 2DE 
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1. Introduction 

Protein carbonylation is a non-enzymatic and irreversible posttranslational modification 

and the major hallmark of oxidative damage (1). There are four mechanisms to form 

carbonyls moieties (aldehyde, ketone, or lactam) in a protein: (a) direct oxidation of 

tryptophan; (b) metal-catalyzed oxidation of the side chains of arginine, lysine, proline, 

and tyrosine; (c) as adducts of advanced glycation products (AGEs) on lysine and 

arginine (glycoxidation); and (d) as the result of the reaction of lipid peroxidation 

products with cysteine, histidine, and lysine (2). Factors such as amino acid sequence, 

tridimensional conformation, cellular location, protein function and activity, influence 

the vulnerability of the protein to get carbonylated (3). Protein carbonylation is, then, a 

highly selective process of protein oxidation. In fact, only a subset (so-called 

carbonylome) of the total proteins is carbonylated in vivo under the conditions of 

oxidative stress.  

Carbonylation of amino acids residues frequently involves functional losses and the 

formation of toxic protein aggregates which precipitate and accumulate in the cell, 

breaking the normal cellular homeostasis. Elevated levels of protein carbonyl groups 

have been detected in aging and several other oxidative stress-related diseases such as 

obesity, diabetes, Alzheimer, Parkinson (4). Therefore, in the study of these diseases, it 

becomes crucial the development of suitable strategies to identify and quantify the 

changes induced on the carbonylome. However, the low abundance of carbonylated 

proteins in vivo, the huge diversity of reactive species and products, and their relative 

lability, makes the analysis of carbonylated proteins a challenging task for redox 

proteomics technology.  

The most popular methods for studying the carbonylome are based on dinitrophenyl 

hydrazine (DNPH). They are the spectrometric and immunological DNPH-based assays. 
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Although they have demonstrated to be useful, their precision and sensitivity are limited 

because the free probe causes interference and the antibody anti-DNP displays non-

specific interactions with proteins. The fluorescein 5-thiosemicarbazide (FTSC) probe 

has been postulated as an alternative to DNPH for measurement protein carbonylation 

(5), because only detect protein bound, the free probe does not interfere in the 

quantification and can be easily removed during sample preparation. Moreover, FTSC, 

as fluorescent probe, shows high sensitivity. FTSC is a hydrazide derivative that can 

spontaneously react with aldehyde- or ketone- containing molecules to form a covalent, 

hydrazone linkage (Figure 1) (6). 

In this chapter, we describe a proteomics approach for the study of the subset of 

carbonylated proteins amongst a complex mixture of proteins. The protocol is based on 

the FTSC labeling of protein bound carbonyls regardless the nature of carbonyl-adduct. 

The fluorescent probe allows us the detection and relative quantification of each 

carbonylated protein present in the sample when FTSC-labeled proteins are resolving on 

2D gels and expose to UV light. Finally, the protocol identifies the carbonylated 

proteins by LC-MS/MS analysis of the tryptic peptides obtain after in-gel digestion of 

carbonylated spots (Figure 2). 

This method has been successfully used for the evaluation of in vivo protein 

carbonylation in very diverse animal tissues (plasma, liver, kidney, skeletal muscle and 

adipose tissue) and species (from fish to mammalian) and has also been applied in 

different research fields (from food technology to nutrition) (7–9) demonstrating its 

robustness and reliability. 

2. Materials 
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Prepare all solutions using deionized H2O (Milli-Q-purified water or equivalent) unless 

indicated otherwise. Prepare and store all reagents at room temperature, unless 

otherwise specified.  

2.1. Preparation of protein extracts 

1. For extraction of protein soluble in low ionic strength (LIS), Sodium Phosphate 

Buffer (PB): 20 mM sodium phosphate, 0.5 mM magnesium chloride (MgCl2), and 

1mM ethylenediamine-tetraacetic acid (EDTA), pH 6.0 with protease inhibitor cocktail 

(see Note 1). Dissolve 286 mg of sodium phosphate (≥99.0%) (246 mg of NaH2PO4 and 

39.6 mg of Na2HPO4) in 90 mL (see Note 2), add 4.76 mg of MgCl2 (anhydrous, ≥98 

%), and 41.6 mg of EDTA. Mix and check the pH. Then, rise the volume up to 100 mL 

in a volumetric flask. Protease inhibitor cocktail will be added following commercial 

instructions at the moment of performing protein extractions. Store at 4° C until use. 

2. For extraction of protein soluble in high ionic strength (HIS), Tris Buffer high 

Saline (TBhS): 10 mM Tris-HCl, 0.6 M sodium chloride (NaCl), pH 7.2 with protease 

inhibitor cocktail and EDTA (see Note 1). To prepare 100 mL of buffer, dissolve 158 

mg of Tris-HCl (≥99.0 %) and 351 mg of NaCl (≥99.0 %) in 80 mL H2O. Mix and 

adjust pH (see Note 3). When pH is adjusted, transfer to a volumetric flask and add H2O 

up to a volume of 100 mL. Both protease inhibitor cocktail and EDTA will be added 

following commercial instructions at the moment of performing protein extractions. 

Store at 4° C until use. 

3. Homogenizer for tissue extractions (Ultra-Turrax T-50 or equivalent) (see Note 

4). 

4. Refrigerated microcentrifuge. 

5. Refrigerated ultracentrifuge. 

6. Protein quantification Bradford kit (see Note 5). 
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7. Spectrophotometer capable of measuring absorbance in the 595 nm region. 

2.2. FTSC-labeling of proteins bound carbonyls 

1. Sodium Phosphate Buffer (PB), pH 6 (see Note 6). 

2. 250 mM EDTA: Dissolve 1.04 g EDTA in 10 mL deionized water. 

3. 100 mM Fluorescein-5- thiosemicarbazide (FTSC, ≥99.0 %) in 50 % acetonitrile 

(AcN): Dissolve 6.3 mg in 150 uL of 1:1 H2O/AcN solution (see Note 7). 

4. 2D buffer (Urea/Thiourea lysis buffer): 7 M Urea (≥99.5 %), 2 M Thiourea 

(≥99.0 %), 2 % 3-[(3-Cholamidopropyl)dimethylammonium]-1-propanesulfonate 

hydrate (CHAPS, ≥98.0 %), 0.4 % Dithiothreitol (DTT), 0.5 % Pharmalyte 3-10 carrier 

ampholytes or similar (see Note 8) and 0.5 % immobilized pH gradient (IPG) buffer 

(see Note 9). Dissolve 22.0 g urea in about 25 mL of deionized H2O with stirring. Then, 

slowly add 8.0 g thiourea (see Note 10) and adjust the volume to 50 mL with deionized 

H2O. Add 0.5 g of Serdolit MB-1 mixed-bed ion-exchange resin or similar, stir for 20 

minutes, and filter (see Note 11). To 48 ml of the solution add 1.0 g of CHAPS, 0.25 

mL of Pharmalyte pH 3-10, and 0.25 mL of IPG buffer, and adjust the solution to a final 

volume of 50 mL using a volumetric flask. Store one mL-aliquots of this urea/thiourea 

solution at –80°C until required. Immediately before use, add 0.2 g of DTT to the 

required aliquot volume and discard leftover solution. 

5. 20 % (w/v) Trichloroacetic acid (TCA): Dissolve 20 g of TCA in 100 mL of 

deionized H2O (see Note 12). Store at 4 °C until use. 

6. 1:1 ethanol/ethyl acetate: Prepare 1 L of 1:1 ethanol/ethyl acetate by mixing 500 

mL of ethanol absolute (≥99.5 %) and 500 mL ethyl acetate (≥99.5 %) (see Note 13). 

7. Refrigerated microcentrifuge. 

8. Ultrasonic bath. 

9. Thermoblock. 
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10. Vacuum dryer. 

11. Protein quantification Bradford kit (see Note 14). 

12. Spectrophotometer capable of measuring absorbance in the 595 nm region. 

2.3. First dimension: Isoelectrofocusing (IEF) 

1. Rehydration solution: 2D buffer (Urea/Thiourea lysis buffer) (see Note 15). 

2. Prepare 500 mL stock of 1.5 M Tris-HCl, pH 8.8. Weigh 90.86 g Tris–HCl and 

add about 450 mL of water. When Tris is fully dissolved, adjust for pH with HCl (see 

Note 3). Then, transfer to a 500 mL volumetric flask and complete with H2O up to a 

volume of 500 mL and mix. Store at 4 °C.  

3. 10 % (w/v) Sodium dodecyl sulfate (SDS) solution: Prepare a 1 L stock of 10 % 

SDS dissolved in H2O. Weigh 100 g SDS, add H2O up to a volume of 1 L, and mix (see 

Note 16). 

4. 50 % (v/v) of Glycerol: Mix 200 mL glycerol (≥99.0 %) and 200 mL H2O by 

stirring (see Note 17). 

5. Equilibration buffer: 6 M Urea, 2 % SDS, 50 mM Tris-HCl, pH 8.8, 30 % (v/v) 

glycerol. Weigh 180 g of urea. Then, add 16.5 mL of 1.5 M Tris-HCl buffer, pH 8.8, 

100 mL of the 10 % SDS solution and 300 mL 50 % glycerol solution. Once mixed, 

transfer to a volumetric flask and rise volume up to 500 mL. Make 10 mL aliquots and 

store them at −80 ºC. 

6. Reducing solution: 50 mM DL-dithiothreitol (DTT) (≥99.0 %) in equilibration 

buffer. Dissolve 38.56 mg DTT in 5 mL of equilibration buffer (see Note 18). 

7. Alkylating solution: 260 mM Iodoacetamide (IAA) (≥99.0 %). Dissolve 0.23 g 

IAA in 5 mL of equilibration buffer (see Note 19). 

8. IPG dry strips. 

9. Isoelectric Focusing system (Ettan™ IPGphor™ or equivalent). 
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10. Forceps. 

11. Spatula. 

2.4. Second dimension: SDS Polyacrylamide Gel 

1. Resolving gel buffer: 1.5 M Tris-HCl, pH 8.8. 

2. 40 % Acrylamide. 

3. 2 % Bis Acrylamide. 

4. 10 % (w/v) Sodium dodecyl sulfate (SDS) solution. 

5. 10 % (w/v) Ammonium persulfate (APS) solution: Dissolved 1 g APS in 10 mL 

H2O (see Note 20). 

6. N , N , N , N ′-tetramethyl-ethylenediamine (TEMED) (see Note 21). 

7. Anodic running buffer: 25 mM Tris-Base, 192 mM glycine, 0.1 % SDS, pH 8.3. 

(see Note 22). Prepare 10× Tris/glycine stock solution dissolving 30.3 g of Tris and 144 

g of glycine in 1 L of double-distilled H2O. Prepare 1× working solution by mixing 500 

mL 10× Tris/glycine stock with 50 mL of 10 % SDS solution prepared as describe the 

step 4. Add water up to a volume of 5 L. Store at 4 °C.  

8. Cathodic running buffer: 25 mM Tris-Base, 192 mM glycine, 0.2 % SDS, pH 

8.3 (see Note 22). Prepare 1× working solution by mixing 200 mL 10× Tris/glycine 

stock solution with 40 mL of 10 % SDS solution. Add water up to a volume of 2 L. 

Store at 4 °C (see Note 23). 

9. Precision Dual color protein standards (see Note 24). 

10. Paper electrode wicks. 

11. Filter papers. 

12. Staining solution: 25 % (v/v) ethanol, 8 % acetic acid (v/v) and 0.1 % w/v 

Coomassie brilliant blue R-250 (see Note 25). Mix 250 mL ethanol absolute and 80 mL 
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acetic acid glacial (100 % anhydrous) in a graduated cylinder. Add deionized H2O up to 

a volume of 1 L. Dissolve then 1 g Coomassie brilliant blue R-250 by stirring. 

13. Destaining solution: 25 % (v/v) ethanol, 8 % acetic acid (v/v) in H2O. Mix 250 

mL ethanol absolute and 80 mL acetic acid glacial (100 % anhydrous) in a graduated 

cylinder. Add deionized H2O up to a volume of 1 L (see Note 26). 

14. 1 % Bromophenol-blue: Mix 0.1 g Bromophenol-blue with 10 mL of deionized 

H2O. Store at 4 ° C. 

15. 1 % Agarose: Mix 0.5 g agarose with 50 mL deionized H2O and add 0.1 mL 1 % 

bromophenol-blue solution. 

16. Ettan™ DALTsix Large Vertical Electrophoresis System or similar for 26 × 20 

cm gels (see Note 27). 

17. MultiTemp™ III Thermostatic Circulator or similar. 

18. 1.0 mm GE Ettan™ DALT low fluorescence Glass Set or equivalent. 

19. DALT six Gel-Caster or similar to prepare lab-cast gels (see Note 28). 

20. UVP BioDoc-It2 Gel Imaging System or equivalent imaging system, provided 

with a 520-nm band-pass filter. 

21. White Light Plate (see Note 29). 

22. PDQuest software for 2D gel analysis or equivalent. 

2.5. In-gel protein digestion 

1. 80 % AcN solution: Mix 80 mL of AcN (LC-MS grade) and 20 mL of H2O (LC-

MS grade). 

2. Trypsin Resuspension buffer: 50 mM Acetic acid. Add 1.42 μL of acetic acid 

glacial (100 % anhydrous) to 498.58 μL of LC-MS H2O. 

3. Sequencing-grade trypsin: 100 μg in 100 μL of 50 mM acetic acid glacial (100 

% anhydrous), 1 μg/μL stock (see Note 30). 
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4. 25 mM Ammonium bicarbonate (ABC), pH 8.0: Dissolve 19.8 mg ABC (≥99.5 

%) in 10 mL of LC-MS H2O (see Note 31). 

5. 0.5 % TFA, 50 % AcN solution: Mix 50 mL AcN (LC-MS grade), 0.5 mL TFA 

and add LC-MS H2O to a graduated cylinder up to 100 mL. 

6. Refrigerated microcentrifuge. 

7. Ultrasonic bath. 

8. Thermoblock or incubator set to 37 °C. 

9. Vacuum dryer. 

10. ZipTip® Pipette Tips or similar 10 µL pipette tips with a 0.6 µL bed of C18 

resin. 

11. 5 % Formic acid (FA) solution: Add 50 uL of LC-MS FA to 995 uL LC-MS 

H2O. 

12. Equilibration solution for ZipTips: 0.1 % FA, 2 % AcN solution. Add 50 uL of 

LC-MS FA to 995 uL LC-MS H2O. 

13. Binding solution for ZipTips: 0.1 % FA, 2 % AcN solution. Add 50 uL of LC-

MS FA to 950 uL LC-MS H2O. 

14. Elution solution for ZipTips: 0.1 % FA, 50 % AcN solution. Add 500 uL of LC-

MS AcN, 100 uL of 1 % FA solution and 400 uL of LC-MS H2O. 

15. 1 % FA: Add 10 uL of LC-MS FA to 990 uL LC-MS H2O. 

2.6. LC-MS/MS analysis of carbonylome 

1. Loading buffer: 0.1 % FA, 1 % AcN in LC-MS H2O. Add about 990 mL H2O to 

a 1 L graduated cylinder, and make up to 1 L with AcN. Transfer to a bottle, and add 1 

mL of FA. 

2. Mobile phase A: 0.1 % FA in LC-MS H2O. Add 100 μL FA to 100 mL of LC-

MS H2O. 
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3. Mobile phase B: 0.1 % FA in 100 % AcN. Add 100 μL FA to 100 mL of LC-MS 

AcN. 

4. Sonicate to degas the solutions for 15 min in an ultrasonic bath. 

5. Prepare a stock solution of 8 pmol/µL Cytochrome C standard digest: 

Reconstituted the 1.6 nmol lyophilized cytochrome C digest in 200 µL 0.1 % FA, 2 % 

AcN. Vortex briefly and wait at least 10 minutes to ensure reconstitution of all peptides. 

Dilute the stock solution to 500 fmol/µL as follows: Prepare 150 µL loading buffer in 

an autosampler vial (with insert) and add 10 µL from the 8 pmol/µL cytochrome C 

standard digest stock solution and mix (with pipette or by vortexing) briefly to 

homogenate the solution. Ensure there are no air bubbles at the bottom of the vial. 

6. Acclaim® PepMap™ μ-Precolumn (0.3 × 5 mm) or equivalent trap column. 

7. Acclaim® PepMap™ RSLC C18 (2 μm, 100 Å, 75 μm id × 15 cm) or equivalent 

C18 column. 

8. Dionex™ UltiMate 3000 Series or similar NanoLC system. 

9. LTQ™ Velos Pro Velos Pro or similar mass spectrometer. 

10. PEAKS DB or similar software for data analysis and protein identification. 

3. Methods 

All steps are performed at room temperature unless indicated otherwise. 

3.1.  Preparation of protein extracts 

1. Homogenize 200 mg tissue in 25 volumes (5 mL) (see Notes 32) of PB buffer, 

pH 6.0 with protease inhibitors (see Note 33) in thick wall ultracentrifuge tubes (see 

Notes 34). For biofluid extracts, proceed directly to protein quantification (step 7). 

2. Centrifuge at 100,000 × g for 1 h at 4 °C. 

3. Transfer supernatant to fresh tubes and keep on ice. 
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4. Add 10 volumes (2 mL) of 1× TBhS buffer, pH 7.2 with protease inhibitors to 

the remaining pellets and homogenize on ice. 

5. Spin down at 16,000 × g for 15 min at 4 °C. 

6. Transfer new supernatant to fresh tubes and keep on ice. 

7. Proceed to protein quantification following quantification kit instructions. Then, 

divide both supernatant (LIS/cytosolic/sarcoplasmic fraction) and pellet 

(HIS/myofibrillar fraction) fractions into aliquots (see Note 35). Take one and proceed 

to next step. Stored the rest at −80 ºC. 

3.2.  FTSC-labeling of proteins bound carbonyls  

1. Adjust protein concentration at 1 mg/mL by adding PB buffer, pH 6.0 to 

supernatant fraction and TBhS buffer, pH 7.2 to resuspended pellet fraction (see Note 

36). 

2. Add 250 mM EDTA stock solution to 2.5 mM final concentration and mix. 

3. Add 100 mM FTSC stock solution to 1 mM final concentration and mix. Protect 

samples from light by covering with aluminium foil. 

4. Incubate for 2.5 h at 37 °C in the dark (see Note 37). 

5. After incubation, add an equal volume of 20 % TCA to the samples in order to 

precipitate the protein (see Note 38). 

6. Incubate for at least 20–30 min on ice (see Note 39). 

7. Spin down at 16,000 × g for 10 min at 4 °C. 

8. Discard the supernatant and carefully remove TCA in pellet by adding 300 μL of 

1:1 ethanol/ethyl acetate (see Note 40). 

9. Vortex thoughtfully to break up the protein pellet (see Note 41). 

10. Spin down at 16,000 × g for 10 min at 4 °C. 

11. Carefully remove first 300 uL of 1:1 ethanol/ethyl acetate wash. 
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12. Similarly carry out four more washes with 300 uL of 1:1 ethanol/ethyl acetate 

each (see Note 42). 

13. Remove all leftover 1:1 ethanol/ethyl acetate by drying 2 min in a vacuum dryer 

(see Note 43). 

14. Add 125 uL of 2D buffer containing DTT to the final pellet and vortex. 

Complete the resuspension of protein pellet by agitation at maximum rpm or sonication 

(see Note 44). 

15. Measure protein concentration as instructed by Bradford and continue with the 

IEF. Stored at –80ºC until use. 

3.3.  First dimension: Isoelectrofocusing (IEF) 

1. Choose the proper IPG strip length and pH range (see Note 45). Prepare 

rehydration solution in the appropriate volume indicated in the manufacturer's 

instructions for each IPG strip: take the volume of FTSC-labeled sample equivalent to 

the maximum amount of protein that can be load onto the IPGs and add 2D buffer up to 

the appropriate rehydration solution volume.  

2. Pipette the appropriate volume of rehydration solution into each strip holder and 

distribute homogeneously between the two electrodes. Remove any air bubbles. 

3. Extract gently IPG strips from the packed using flatted forceps and remove the 

protective cover foil (see Note 46). Position the IPG strip gel, with the gel side down, 

onto the strip holders with the rehydration solution. Let it soak for at least 20 min (see 

Note 47). Then, add mineral oil (see Note 48) onto the top of the strip, cover it with the 

cap and allow the rehydration of the gel in the dark for the time indicated in intructions 

(10–20 h). 

4. Perform protein focusing by applying the voltage/time profiles suggested by the 

manufacturer. 
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5. Strips can be directly used or frozen at –80 °C instead (see Note 49). 

3.4.  Second dimension: SDS Polyacrylamide Gel 

1. Prepare six 26 × 20 cm running gels (10 % T, 2.6 % C) (see Note 50) by mixing 

137.2 mL of resolving gel buffer, pH 8.8, 137.2 mL 40 % acrylamide, 73.6 mL 2 % 

bisacrylamide, 5.5 mL of 10 % SDS, and 196.5 mL of deionized H2O. Add 2 mL of 10 

% APS and 200 μL of TEMED, then mix again (see Note 51). Sonicate the buffers for 

15 min to degas the solution in an ultrasonic bath (see Note 52). 

2. Quickly fill the empty gel caster with running gel mixture up to 2–3 cm to the 

end of the glasses (see Note 53). 

3. Gently add about 20 mL isopropanol and let set at least 1 h. 

4. Rinse isopropanol out with H2O and store gels overnight at 4 °C to achieve 

complete gel polymerization (see Note 54). 

5. Carefully remove the IPG gels from the strip holder using forceps and introduce 

them in a Falcon-like tube containing the reducing solution (5–15 mL) (see Note 55). 

6. Incubate 15 min under slow agitation in the dark. 

7. Carefully replace the reducing solution by the alkylating one (5–15 mL) using 

the same tube (see Note 56). 

8. Incubate 15 min under slow agitation in the dark (see Note 57). 

9. Cut a paper electrode wick in half and add 15 uL of molecular weight standards. 

10. Remove any water excess from the gel surface using one filter paper. Add a little 

amount of warmed 1 % agarose solution, take the already alkylated IPG gel and 

submerge the strip for a few seconds in running buffer (anodic running buffer). 

Immediately put the strip on the top of the gel. Carefully push the strip to the bottom by 

using a spatula, until the whole IPG gel lay in direct contact with the surface of running 

gel (see Note 58). 
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11. Place the paper electrode wick soaked with the standards and fill the empty 

space above the strip with more warmed 1 % agarose. 

12. Repeat the process with all the strips. 

13. Fill anode tank with anodic running buffer to the first marked fill line. 

14. Place gels into the electrophoresis unit. Then, fill top cathode tank with cathodic 

running buffer up to the second marked fill line. Add more anodic running buffer to 

anode tank up to that second marked fill line. Electrophoresis unit is coupled to 

thermostatic circulator set at 15 °C, which cool the system. 

15. Run gels at constant amperage of 10 mA per gel (maximum 140 V and 20 W) 

for 1 h. Then, increase to 20 mA per gel (maximum 240 V and 20 W) and run for about 

15 h, or until the dye front has reached the bottom of the gel. Then, continue running for 

20 min more at same conditions to remove the excess of FTSC free. Cover the system 

with aluminium foil during the electrophoresis to protect gels from the light. 

16. Remove gels and wash thoughtfully with distilled water (see Note 59). 

17. Place gel in a glass container with 1:1 ethanol/ethyl acetate (see Note 60). 

18. Leave glass container slowly shaking for 5 min. 

19. Discard the ethanol/ethyl acetate and add deionized H2O. 

20. Capture carbonyl fluorescence image on imaging system provided with a 520-

nm band-pass filter. 

21. Wash gel 3× in distilled water for 5 min. 

22. Add Coomassie staining solution to cover gel and let it stain overnight while 

gently shaking. 

23. Wash gel at least 3× in destaining solution for 15 min (see Note 61). 

24. Capture Coomassie image under visible light. 
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25. Use PDQuest software or similar to analyze 2D gel images, detected 

carbonylated spots and quantify specific protein carbonylation (see Note 62). 

3.5.  In-gel protein digestion 

1. Cut spots from the gel and placed in 1.5 mL Eppendorf tube (see Note 63). 

2. Add 500 µL LC-MS H2O and shake at 1,400 rpm for 5 min. Repeat step 2 three 

times. 

3. Remove the H2O and add 100 µL of 100% LC-MS AcN. Vortex and shake at 

1,400 rpm for 15 min. Remove the AcN and add 100 µL of LC-MS H2O. Vortex and 

shake at 1,400 rpm for 5 min. Repeat step 3 twice. 

4. Remove the H2O and add 100 µL of 100% LC-MS AcN. Vortex and shake at 

1,400 rpm for 15 min. 

5. Remove AcN with a tip and drying for ~5 min in a vacuum dryer. 

6. Star the digestion or store the samples at 4 °C. 

7. If samples were stored at 4 °C overnight, leave them 20 min at room 

temperature. 

8. Add 20 µL of 25 ng/µL of trypsin solution per tube and let it soak on ice for 30–

45 min (see Note 64). 

9. Remove the trypsin excess. 

10. Add on top 30–50 µL of 25 mM ABC and ensure that the pH is 8.0 (see Note 

65). 

11. Incubate overnight at 37°C while gently shaking (300 rpm). 

12. Centrifuge at 1,000 × g for 1 min. Collect supernatant in a clean Eppendorf tube 

A. 

13. Add 40 µL of 0.5 % TFA, 50 % AcN solution to each spot gel. Vortex and shake 

at 1,400 rpm for 20 min. 
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14. Centrifuge at 1,000 × g for 1 min. Collect supernatant in the same Eppendorf 

tube A and votex.  

15. One spin and dry the mixture in the vacuum dryer. 

16. Redissolve samples in 12 µL of 1% FA. Sonicate 5 min in an ultrasonic bath 

(see Note 66). 

17. Cleanup the protein digest before the LC-MS/MS analysis using ZipTips or 

equivalent. To conditionate the column, attach the ZipTip to a micropipette and wet the 

tip with 3× 10 µL of 100 % LC-MS methanol. Equilibrate then with 5× 10 µL of 0.1 % 

FA, 2 % AcN solution. Loading 10 µL sample (see Note 67). Washing with 5× 10 µL of 

0.1 % FA, 2 % AcN solution. Elution with 10 µL of 0.1 % FA, 50 % AcN solution (see 

Note 68). 

18. Dry sample in a vacuum dryer. 

19. Redissolve in 20 µL of 1 % FA. Sonicate 5 min in an ultrasonic bath and 

centrifuge at maximum speed (16,000 × g) for 5 min. 

20. Transfer carefully the protein digest to an autosampler vial (with insert) (see 

Note 69). 

3.6.  LC-MS/MS analysis of carbonylome 

1. Before starting, ensure that there are enough volume in solvent reservoirs. 

Changed/refilled if necessary. 

2. If the solvent reservoirs has been changed/refilled, the system need to be purged. 

To purge the loading pump (Micro pump), just open the corresponding valve by rotating 

counterclockwise. Click the button “purge on” from the pump main window. After 12 

min, when the purge automatically finish, close the valve by rotating clockwise. Slowly 

restore the flow up to reach 10 µL/min. 
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3. Regarding the purge of the Nano pump, select first purge “both blocks” in the 

pump window. Open the valves on each blocks by rotating counterclockwise and click 

the button “purge on”. Both block purge last 30 min. When finish, close the valves by 

rotating clockwise and disconnect the peak column from the outlet. Select now purge 

“flowmeter” in the pump main window and click the button “purge on”. Flowmeter 

purge last 30 min. Perform afterwards pressure and viscosity tests by following the 

instructions. Accept the new viscosity values for the mobile phases if they have 

changed. If everything is correct, connect the column peak to the outlet of the Nano 

pump. Slowly restore the flow up to reach 300 nL/min and initial conditions (95 % 

mobile phase A, 5 % mobile phase B). Maintain conditions to equilibrate the column 

(see Note 70). 

4. Check the tune of the mass spectrometer (see Note 71). 

5. Inject 3 μL of the digest of carbonylated protein from each of detected spots onto 

the trap column at a flow rate of 10 μL/min by loading pump for 3 min (see Note 72). 

6. Load the desalted peptide mixture to a C18 column at a constant flow rate of 300 

nL/min by Nano pump (95 % mobile phase A, 5 % mobile phase B) to perform the 

peptide separation. 

7. Separate the peptides using a linearly increasing concentration of AcN in buffer 

B given in Table 1. 

8. Perform tandem mass spectrometry (MS/MS) analysis with LIT mass 

spectrometer operated in data-dependent acquisition (DDA) mode. Acquire MS1 survey 

scans in the mass range of mass/charge ratio (m/z) 400 to 1600 Da. Select the six most-

intense precursor ions with ≥2 charge state and fragment in the ion trap by collision-

induced dissociation (CID) with 35 % normalized collision energy and an isolation 

width of 2 Da. Former target ions were excluded for 30 s (see Note 73). 
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9. Identify carbonylated protein by using PEAKS DB software or similar (see Note 

74). 

4. Notes 

1. We use ProteoBlockTM Protease Inhibitor Cocktail (Thermo Fisher Scientific 

Inc.), which comprised a mixture of 100 mM 4-(2-aminoethyl)benzenesulfonyl fluoride 

(AEBSF), 80 mM aprotinin, 5 mM bestatin, 1.5 mM E64, 2 mM leupeptin, and 1 mM 

pepstatin. Any other similar protease inhibitor cocktail could be used instead. 

2. Check the pH of the solution and adjust if necessary. 

3. The volume gap is to allow for the addition of concentrated HCl. 

4. Protein extractions can be alternatively done by using an ultrasonic probe 

(sonicator). 

5. Other methods for protein quantification such as the bicinchoninic acid assay 

(BCA) may be also used.  

6. This PB buffer is the same PB buffer described for the extraction of proteins 

soluble at low ionic strength. 

7. Prepare just before using. Cover the tube (normally a 0.2-0.5 mL microtube) 

with aluminium foil because FTSC itself and all solutions made with it should be 

protected from light to avoid decomposition of its fluorescent properties. 

8. Use carrier ampholytes that span the pH range of the IPG strip selected. 

9. Use IPG buffer according to the pH range of the IPG strip selected.  

10. Urea/Thiourea solution get colder while dissolving in water. Leave it at room 

temperature to let it warm. 

11. Urea solutions which are going to be stored should be treated with a mixed-bed 

ion exchange resin, such as Serdolit MB-1, to avoid the formation of cyanate, which 
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causes protein carbamylation. That irreversible protein modification interferes with 

isoelectrofocusing and MS analysis. 

12. TCA is an irritant and corrosive, and must be handled safely and carefully. 

13. Prepare only the convenient volume of ethanol/ethyl acetate solution at the 

moment of use. Work always under the fume hood. 

14. To quantify samples resuspended in 2D buffer (urea/thiourea buffer), Bradford is 

the most suitable assay. However, Bradford reagent is not fully compatible with 

solutions at 6 M of urea. We solve this problem by adding 2D buffer to the blank and all 

standard curve step-points. 

15. Rehydration buffer is the 2D buffer described in the step 4, section 2.2. 

16. Wear gloves and mask when handling SDS power because SDS is an irritant and 

harmful by inhalation, ingestion, skin or eye contact.  

17. Dilute ultrapure glycerol solution to 50 % to make pipetting easier. 

18. Prepare the convenient volume of reducing solution just before using. 

19. Prepare the convenient volume just before using. IAA solution must be protected 

from light with aluminium foil. 

20. APS solution can be stored at –20 °C (no longer than one month) and never 

refreeze. 

21. TEMED must be used under the fume hood to reduce odor. 

22. The pH of this solution should not be adjusted. 

23. Some electrophoresis units such as Ettan DALT from GE HealthCare require the 

cathodic buffer of a higher concentration than anodic buffer. 

24. Any gel protein standards will work.  
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25. This Coomassie staining solution, which turns the entire gel blue, 

simultaneously fixed and stained the proteins resolved on the gel. Prepare under the 

fume hood. 

26. Prepare under the fume hood. 

27. Large-format gels allow highest resolution and maximum protein load. 

28. Precast 26 x 20 cm gels are also commercially available. 

29. White Light Plate which converts UV transillumination to white light for 

viewing Coomassie Blue-stained gels. 

30. Trypsin stock (1 μg/μL) can be kept frozen in aliquots at −20 ºC. 

31. Prepare prior to use. 

32. Initial tissue amount and extraction volume can be adjusted according to sample 

characteristics and devices available in the laboratory (ultracentrifuge rotor and tubes). 

Keep in mind that the 2D analysis of carbonylated proteins in large gels require 

relatively high amount of protein, although strongly depends on sample nature. 

33. Add protease inhibitors following the commercial instructions. For 

ProteoBlockTM Protease Inhibitor Cocktail (Thermo Fisher Scientific Inc), add 10 uL 

per 1 mL of the buffer. 

34. Homogenization must be done on ice to prevent warming the sample. 

35. We usually divide protein extracts in aliquots of 300 uL each but it will depend 

on protein concentration. 

36. We usually prepare reaction mixtures of 600 μg protein in 600 μL total volume, 

which is the maximum reaction volume allowed to carry out the FTSC-labeling protocol 

in 1.5 mL tubes. 
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37. Hydrazone bonds formed between FTSC and carbonyls are stable enough for 

fluorescent labeling experiments and does not require an additional reduction step with 

sodium borohydride (NaBH4) or sodium cyanoborohydride (NaCNBH3). 

38. 20 % TCA solution should be cold. 

39. Precipitation is working when the solution becomes cloudy. Small sample 

amount may require longer precipitation times.  

40. Eliminate as much as possible excess TCA and free FTSC by several washes 

with ethanol/ethyl acetate. However, those ethanol/ethyl acetate wash steps should be 

done carefully, otherwise you could lose much sample. Work under the fume hood. 

41. Use a flattened pipette tip or sonication to break up the protein pellet if 

necessary. 

42. Persist with the washing until the color of 1:1 ethanol/ethyl acetate remains 

transparent after vortexing.  

43. Avoid overdrying the pellet. Alternatively, dry pellet on air under the fume 

hood. 

44. Keep in mind that FTSC-labeled samples must be protected from light during 

the whole process. 

45. Strips length and pH gradient should be chosen depending on sample 

characteristics and experimental aims. Shorter strips allow fast, cost-effective screening 

and are more suitable when the most abundant proteins are of highest interest. 

Nevertheless, their sample load is limited. Longer strips render maximal resolution and 

loading capacity but is much time-consuming. Regarding pH range, use a broad-range 

pH strip (pH 3–11 nonlinear) to overview total protein distribution in the sample. That 

information might be used afterwards for design more targeted strategy. 
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46. Always wear gloves when handling IPG strips and the equipment that comes in 

contact with them. Thereby, you can minimize protein contamination, which can result 

in artifactual spots showing up in the resulting 2D spot patterns. 

47. Wait until most of the sample volume soak the strip before adding the mineral 

oil. 

48. Volume of mineral oil depends on strip lenght (1–5 mL). 

49. Once FTSC-labeled proteins are loaded onto the IPG gels, strips must be 

protected from light. 

50. The total monomer (acrylamide) concentration or % T can be modified if 

necessary, according to the molecular weight of carbonylated proteins in the sample. 

Usually the higher molecular weight, the less % T. 

51. Notice that the volumes are calculated for six 1.0 mm thick, 26 × 20 cm gels. 

Any change in number/size gels will require to recalculate volumes. 

52. Degasification of running gel solution is needed to eliminate oxygen, which 

inhibit acrylamide polymerization. 

53. Clean with ethanol all glasses and rest components of the gel caster device 

before filling. 

54. Maintain the gels wet during the storage at 4 °C. For example, introduce the gels 

into a bag and add some water (about 100 mL). 

55. Reducing solution contains DTT, which ensures that disulfide bridges on the 

proteins are broken. 

56. Alkylating solution contains IAA, which alkylates thiol groups on the proteins, 

preventing their reoxidation during electrophoresis, and thus decreasing streaking and 

other artifacts in the second-dimension separation. 

57. Both FTSC and IAA must be protected from light. 
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58. We usually cast six large running gels but twelve 11 cm IPG strip. Large gel 

dimensions (26 × 20 cm) allow us to fit two 11 cm IPG gels per one running gel without 

overlapping. Thereby, we double the number of samples that we can run in each 

experiment. 

59. Avoid touching glasses as much as possible and change your gloves often or 

wash them with ethanol. 

60. Work always under the fume hood when handling the ethanol/ethyl acetate 

solution. This step significantly reduces the background in the FTSC-labeled gel. 

61. Ensure that all gels from the same experiment are being destaining the same 

number times. Do not delay this destaining step to prevent sample variations and change 

in gel size which can hinder spot matching. When the background is almost negligible, 

gels must be photographed as soon as possible since Coomassie gels will be analyzed to 

normalize carbonylation data. To preserve the gels, dried them in 50 % methanol 

solution to maintain a permanent record. Alternatively, the “wet” gel can be sealed in a 

plastic bag with a small amount of destaining solution and stored for many months at 

4°C. 

62. PDQuest software measures spot quantity as the total intensity of a defined spot, 

which corresponds to the amount of protein in the actual spot in the gel. Therefore, in 

the FTSC-labeled gels, protein carbonylation level is the total intensity of the FTSC in 

the spot in arbitrary units. To normalize protein carbonylation level with protein 

abundance, we calculate the carbonylation index (7) by dividing the spot quantity in the 

FTSC-labeled gel by the spot quantity (i.e., total intensity of the Coomassie in arbitrary 

units) in the corresponding Coomassie-stained gel. It is especially important the correct 

overlapping of FTSC and Coomassie gels to achieve an accurate spot matching. Since 

almost always there are less carbonylated protein than the total, spot matching can be a 
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tricky step. We recommend using molecular standards as reference point. It is really 

helpful to cut FTSC-labeled proteins directly under UV exposition, if it is possible to do 

it without any risk in your UV transilluminator model. Then FTSC-labeled samples will 

be digest and identified to confirm its identify. The gel cutting under UV exposition will 

be also staining with Coomassie solution to check where the cut was done. 

63. Use clean gloves and extreme the clean to avoid any external contamination.  

64. Cover completely the spot with the trypsin solution. 

65. Check that the gel pieces are not dry and add more ABC buffer if necessary. 

66. Check the pH with an indicator paper. If pH is not acid (≈2), add a bit more 1 % 

FA. 

67. Load the sample by pipetting the protein digest up and down (discarding it back 

into its tube). Repeat at least 10×. 

68. Elute the peptides by pipetting the ZipTip up and down in the elution buffer 

(discarding it back into its tube). Repeat at least 10×. 

69. Ensure there are no air bubbles at the bottom of the vial. 

70. Equilibrate the column for at least 15 min.  

71. Tuning if necessary and save the new tune method after the successful tuning. 

72. Inject 1 µL of the 500 fmols/µL cyt c standard solution per four sample 

injections and use cyt c solution as LC-MS/MS data quality control. 

73. We work with the linear ion trap mass spectrometer LTQ Velos Pro with 

electrospray ionization (ESI). Adjust the MS/MS method if you work with any other 

mass spectrometer. 

74. Our search criteria for identification of carbonylated proteins are: oxidation of 

methionine and carbamidomethylation of cysteine as variable modifications, trypsin as 

the proteolytic enzyme, maximum 2 missed cleavages per peptide and a mass tolerance 
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of ±1 Da for precursor and ±0.6 Da for product ion scans. False Discovery Rate (FDR) 

for identifications were accepted if <1 %. Modify the search parameters according to 

the properties of the mass spectrometer used. 
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Figure Captions. 

Figure 1. Formation of carbonyl (aldehyde) group on arginine residue and reaction with 

fluorescein-5-thiosemicarbazide(FTSC) to produce hydrazone linkages. 

Figure 2. Workflow summarizing the main steps of the fluorescent-based protocol 

described in this chapter for the identification and quantification of carbonylated 

proteins. 

Table 1. nanoLC method. 

Time [min] Flow rate [nL/min] Mobile Phase A (%) Mobile Phase B (%) 

0 300 95 5 

3 300 95 5 

30 300 50 50 

32 300 5 95 

42 300 5 95 

44 300 95 5 

60 300 95 5 
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Figure 1. 
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Figure 2. 

 


