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SUMMARY: 34 

This article presents a protocol of differential-speed centrifugation in combination with density 35 

gradient centrifugation to separate mitochondria from human ovarian cancer tissues and 36 

control ovarian tissues for quantitative proteomics analysis, resulting in a high-quality 37 

mitochondrial sample and high-throughput and high-reproducibility quantitative proteomics 38 

analysis of a human ovarian cancer mitochondrial proteome. 39 

 40 

ABSTRACT: 41 

Ovarian cancer is a common gynecologic cancer with high mortality but unclear molecular 42 

mechanism. Most ovarian cancers are diagnosed in the advanced stage, which seriously 43 

hampers therapy. Mitochondrial changes are a hallmark of human ovarian cancers, and 44 
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mitochondria are the centers of energy metabolism, cell signaling, and oxidative stress. 45 

In-depth insights into the changes of the mitochondrial proteome in ovarian cancers compared 46 

to control ovarian tissue will benefit in-depth understanding of the molecular mechanisms of 47 

ovarian cancer, and the discovery of effective and reliable biomarkers and therapeutic targets. 48 

An effective mitochondrial preparation method coupled with an isobaric tag for relative and 49 

absolute quantification (iTRAQ) quantitative proteomics are presented here to analyze human 50 

ovarian cancer and control mitochondrial proteomes, including differential-speed 51 

centrifugation, density gradient centrifugation, quality assessment of mitochondrial samples, 52 

protein digestion with trypsin, iTRAQ labeling, strong cation exchange fractionation (SCX), liquid 53 

chromatography (LC), tandem mass spectrometry (MS/MS), database analysis, and quantitative 54 

analysis of mitochondrial proteins. Many proteins have been successfully identified to maximize 55 

the coverage of the human ovarian cancer mitochondrial proteome and to achieve the 56 

differentially expressed mitochondrial protein profile in human ovarian cancers. 57 

 58 

INTRODUCTION: 59 

Ovarian cancer is a common gynecologic cancer with high mortality but unclear molecular 60 

mechanism1,2. Most of ovarian cancers are diagnosed in the advanced stage, which seriously 61 

hampers therapy. Mitochondrial changes are a hallmark of human ovarian cancers, and 62 

mitochondria are the centers of energy metabolism, cell signaling, and oxidative stress3−7. 63 

In-depth insights into the changes of the mitochondrial proteome in ovarian cancers compared 64 

to control ovarian tissue will benefit in-depth understanding of the molecular mechanisms of 65 

ovarian cancer, and the discovery of effective and reliable biomarkers and therapeutic targets. 66 

Mitochondrial metabolism has been proposed and recognized as a target for cancer therapy, 67 

and antimitochondrial therapy might ultimately be very beneficial for preventing the 68 

recurrence and metastasis of cancer8. Individual metabolic profiling is also already practiced as 69 

a useful tool for cancer stratification and predictive strategies9,10. 70 

 71 

The long-term goal of this research is to develop and use a quantitative mitochondrial 72 

proteomics method to study ovarian cancer for clarification of mitochondrial proteome 73 

alterations between ovarian cancer and control ovarian tissues, and their molecular network 74 

alterations from a systematic multi-omics angle11,12, which will result in the discovery of 75 

mitochondria-targeted molecular biomarkers13 for clarification of the molecular mechanisms of 76 

ovarian cancer, prediction, and personalized treatment of ovarian cancer patients. Isobaric tags 77 

for relative and absolute quantification (iTRAQ) labeling3,4 are an effective method to quantify 78 

the mitochondrial protein changes. Preparation of high-quality mitochondrial samples from 79 

human ovarian cancer and control ovarian tissues are the prerequisite for iTRAQ quantitative 80 

analysis of mitochondrial proteomes3. Mitochondrial preparation coupled with iTRAQ 81 

quantitative proteomics has been successfully used in long-term research programs about the 82 

human ovarian cancer mitochondrial proteome, including the establishment of mitochondrial 83 

proteome reference maps3, the analysis of differentially expressed mitochondrial profiles4,14 84 

and post-translational modifications, including phosphorylation, which has already resulted in 85 

the discovery of important signaling pathway network changes in human ovarian cancers5, 86 

including alterations in energy metabolism4, lipid metabolism, and mitophagy 87 

pathway-systems3. 88 



 89 

Previous studies have found that differential-speed centrifugation in combination with density 90 

gradient centrifugation is an effective method to isolate and purify mitochondria from human 91 

ovarian cancer and control ovarian tissues3−5,14. The iTRAQ labeling coupled with strong cation 92 

exchange (SCX)-liquid chromatography (LC)-tandem mass spectrometry (MS/MS) is the key 93 

technique to detect, identify, and quantify the proteins from the prepared mitochondrial 94 

samples. 95 

 96 

Here, detailed protocols for mitochondrial preparation coupled with iTRAQ quantitative 97 

proteomics are described. These have been successfully used in the analysis of human ovarian 98 

cancer tissue mitochondrial proteomes. The protocols include preparation of samples, 99 

differential-speed centrifugation, density gradient centrifugation, quality assessment of 100 

mitochondrial samples, protein digestion with trypsin, iTRAQ labeling, SCX fractionation, LC, 101 

MS/MS, database searching, and quantitative analysis of mitochondrial proteins. Moreover, this 102 

protocol easily translates to analyze other human tissue mitochondrial proteomes. 103 

 104 

PROTOCOL: 105 

 106 

Ovarian tissue samples including ovarian cancer tissues (n = 7) and normal control ovarian 107 

tissues (n = 11) were used for this protocol. The present protocol3−5 is approved by the Xiangya 108 

Hospital Medical Ethics Committee of Central South University, China. 109 

 110 

1. Preparation of mitochondria from human ovarian cancer tissues 111 

 112 

1.1. Prepare 250 mL of the mitochondrial isolation buffer by mixing 210 mM mannitol, 70 mM 113 

sucrose, 100 mM potassium chloride (KCl), 50 mM Tris-HCl, 1 mM diamine tetraacetic acid 114 

(EDTA), 0.1 mM ethylene glycol bis(2-aminoethyl ether)tetraacetic acid (EGTA), 1 mM 115 

phenylmethanesulfonyl fluoride (PMSF) protease inhibitor, 2 mM sodium orthovanadate (V), 116 

and 0.2% bovine serum albumin (BSA), pH 7.4. 117 

 118 

1.2. Place ~1.5 g of ovarian cancer tissues in a clean glass dish. 119 

 120 

1.3. Add 2 mL of the pre-chilled mitochondrial isolation buffer to lightly wash the blood from 121 

the tissue surface 3x. 122 

 123 

1.4. Use clean ophthalmic scissors to fully mince the tissue into about 1 mm3 pieces, and 124 

transfer the minced tissues into a 50 mL centrifuge tube. 125 

 126 

1.5. Add 13.5 mL of mitochondrial isolation buffer containing 0.2 mg/mL nagarse, and then use 127 

an electric homogenizer to homogenize (use scale 2, 10 s 6x, interval 10 s) the minced tissues (2 128 

min, 4 °C). 129 

 130 

1.6. Add another 3 mL of mitochondrial isolation buffer into the tissue homogenates and mix 131 

them well by pipetting. 132 



 133 

1.7. Centrifuge the prepared tissue homogenate (1,300 x g, 10 min, 4 °C). Remove the crude 134 

nuclear fraction (i.e., the pellet) and keep the supernatant. 135 

 136 

1.8. Recentrifuge the supernatant (10,000 x g, 10 min, 4 °C). Remove the microsomes (i.e., the 137 

supernatant) and keep the pellet. 138 

 139 

1.9. Add 2 mL of mitochondrial isolation buffer and resuspend the pellet well by light pipetting. 140 

 141 

1.10. Centrifuge the pellet suspension (7,000 x g, 10 min, 4 °C). Discard the supernatant and 142 

keep the crude mitochondria (i.e., the pellet). 143 

 144 

1.11. Add 12 mL of 25% density gradient medium (i.e., Nycodenz) to resuspend the extracted 145 

crude mitochondria. 146 

 147 

1.12. Make a discontinuous density gradient by filling a tube from bottom to top with 5 mL of 148 

34%, 8 mL of 30%, 12 mL of 25% (containing the crude mitochondria from step 1.11), 8 mL of 149 

23%, and 3 mL of 20% density gradient medium, and centrifuge it (52,000 x g, 90 min, 4 °C). 150 

 151 

1.13. Use a long and blunt syringe to collect the purified mitochondria at the interface between 152 

the 25% and 30% density gradient medium into a clean tube. 153 

 154 

1.14. Add mitochondrial isolation buffer into the collected mitochondria to dilute it to a 155 

three-fold volume. Centrifuge (15,000 x g, 20 min, 4 °C) and discard the supernatant. 156 

 157 

1.15. Add 2 mL of mitochondrial isolation buffer to resuspend the pellet, and centrifuge (15,000 158 

x g, 20 min, 4 °C). Discard the supernatant and keep the pellet. 159 

 160 

1.16. Collect the final pellet (i.e., the purified mitochondria) and store it at -20 °C. 161 

 162 

NOTE: Combine all purified mitochondria from the ovarian cancer tissue as the mitochondria 163 

sample for quantitative proteomics analysis. 164 

 165 

2. Preparation of mitochondria from human control ovarian tissues 166 

 167 

2.1. Prepare 250 mL of the mitochondrial isolation buffer as described in step 1.1.  168 

 169 

2.2. Place ~1.5 g of the normal control ovarian tissues in a clean glass dish. 170 

 171 

2.3. Add 2 mL of pre-chilled mitochondrial isolation buffer to lightly wash the blood from the 172 

tissue surface 3x. 173 

 174 

2.4. Use clean ophthalmic scissors to fully mince the tissue into about 1 mm3 pieces, and 175 

transfer the minced tissues into a 50 mL centrifuge tube. 176 



 177 

2.5. Add 8 mL of 0.05% trypsin/20 mM EDTA in phosphate-buffered saline (PBS) to the minced 178 

control tissues, and digest (30 min, room temperature), which helps to lyse the tissues and cells 179 

and release mitochondria. Then centrifuge (200 x g, 5 min). Discard the supernatant, and keep 180 

the tissues and cells. 181 

 182 

2.6. Add 13.5 mL of mitochondrial isolation buffer containing 0.2 mg/mL nagarse, and then use 183 

an electric homogenizer to homogenize (use scale 2, 10 s 6x, interval 10 s) the minced tissues (2 184 

min, 4 °C). 185 

 186 

2.7. Add another 3 mL of mitochondrial isolation buffer into the tissue homogenates and mix 187 

them well by pipetting. 188 

 189 

2.8. Centrifuge the prepared tissue homogenate (1,300 x g, 10 min, 4°C). Remove the crude 190 

nuclear fraction (i.e., the pellet) and keep the supernatant. 191 

 192 

2.9. Recentrifuge the supernatant (10,000 x g, 10 min, 4°C). Remove the microsomes (i.e., the 193 

supernatant) and keep the pellet. 194 

 195 

2.10. Add 2 mL of mitochondrial isolation buffer to resuspend the pellet well by light pipetting. 196 

 197 

2.11. Centrifuge the pellet suspension (7,000 x g, 10 min, 4 °C). Discard the supernatant and 198 

keep the crude mitochondria (i.e., the pellet). 199 

 200 

2.12. Add 12 mL of 25% density gradient medium to resuspend the extracted crude 201 

mitochondria. 202 

 203 

2.13. Make a discontinuous density gradient by filling a tube from bottom to top with 8 mL of 204 

38%, 5 mL of 34%, 8 mL of 30%, 12 mL of 25% (containing the crude mitochondria from step 205 

2.12), 8 mL of 23%, and 3 mL of 20% density gradient medium, and centrifuge it (52,000 x g, 90 206 

min, 4 °C). 207 

 208 

2.14. Use a long and blunt syringe to collect the purified mitochondria in the range from the 209 

interface between 25% and 30% to the interface between 34% and 38% into a clean tube. 210 

 211 

2.15. Add mitochondrial isolation buffer into the collected mitochondria to dilute it to a 212 

three-fold volume. Centrifuge (15,000 x g, 20 min, 4 °C) and discard the supernatant. 213 

 214 

2.16. Add 2 mL of mitochondrial isolation buffer to resuspend the pellet, and centrifuge it 215 

(15,000 x g, 20 min, 4 °C). Discard the supernatant and keep the pellet. 216 

 217 

2.17. Collect the final pellet (i.e., the purified mitochondria) and store it at -20 °C. 218 

 219 

NOTE: Combine all purified mitochondria from the control ovarian tissue as the mitochondrial 220 



samples for quantitative proteomics analysis. 221 

 222 

3. Verification of the quality of purified tissue mitochondrial samples 223 

 224 

3.1. Take a tube of purified mitochondrial samples (i.e., the pellets from the ovarian cancer 225 

tissues from step 1.16 and the control ovarian tissues from step 2.17) for verification with 226 

electron microscopy (EM).  227 

 228 

NOTE: The detailed protocol was described previously15,16. 229 

 230 

3.2. Prepare the mitochondrial protein extraction buffer by mixing 8 M urea, 2 M thiourea, 40 231 

mM Tris, 1 mM EDTA, 130 mM dithiothreitol (DTT), and 4% (w:v) 3-((3-cholamidopropyl) 232 

dimethylammonio)-1-propanesulfonate (CHAPS). Adjust the pH to 8.52. 233 

 234 

3.3. Take a tube of purified mitochondrial samples (i.e., the pellets from the ovarian cancer 235 

tissues in step 1.16 and the control ovarian tissues in step 2.17) and add mitochondrial protein 236 

extraction buffer (mitochondrial samples to protein extraction buffer, 1:5) to resuspend the 237 

pellet. Freeze the samples in liquid nitrogen 3x and store at room temperature for 2 h. 238 

 239 

3.4. Centrifuge at 12,000 x g, 30 min, 4 °C, collect the supernatant (i.e., the extracted 240 

mitochondrial protein sample), and measure the protein content with a bicinchoninic acid (BCA) 241 

protein assay kit. 242 

 243 

3.5. Prepare 50 mL of 1.5 M Tris-HCl (pH 8.8) by mixing 9.08 g of Tris and 40 mL of ddH2O, 244 

adjusting the pH to 8.8 using HCl, and adding ddH2O to a final volume of 50 mL. Store at 4 °C. 245 

 246 

3.6. Prepare 50 mL of 1 M Tris-HCl (pH 6.8) by mixing 6.06 g of Tris and 40 mL of ddH2O, 247 

adjusting the pH to 6.8 using HCl, and adding ddH2O to a final volume of 50 mL. Store at 4 °C. 248 

 249 

3.7. Prepare 100 mL of 30% acrylamide-bis solution by mixing 29 g of acrylamide, 1 g of 250 

bis-acrylamide, and 80 mL of ddH2O, and adding ddH2O to a final volume of 100 mL. Store it in a 251 

brown bottle at 4 °C. 252 

 253 

3.8. Prepare 1,000 mL of 10x tris-glycine electrophoresis buffer by mixing 29 g of glycine, 58 g 254 

of Tris, 3.7 g of sodium dodecyl sulfate (SDS), and 800 mL of ddH2O, and then adding ddH2O to a 255 

final volume of 1,000 mL. 256 

 257 

3.9. Prepare 10 mL of loading buffer by mixing 2 mL of glycerin, 0.02 g of bromophenol blue, 0.4 258 

g of SDS, 2 mL of Tris-HCl pH 6.8, and 7 mL of ddH2O, and then adding ddH2O to a final volume 259 

of 10 mL. 260 

 261 

3.10. Prepare 10 mL of 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis 262 

(SDS-PAGE) resolving gel by mixing 4 mL of ddH2O, 3.3 mL of 30% acrylamide-Bis solution, 2.5 263 

mL of 1.5 M Tris-HCl (pH 8.8), 0.1 mL of 10% SDS, 0.1 mL of 10% ammonium persulfate, and 264 



0.004 mL of tetramethylethylenediamine (TEMED). Pour the SDS-PAGE resolving gel solution 265 

into the plate between the glass plates to the level of the bottom of the comb. Add 2 mL of 266 

isopropyl alcohol onto the top. Leave for 30 min. 267 

 268 

3.11. Remove the isopropyl alcohol and wash the top with ddH2O 3x. Pour the 5% 269 

concentration gel solution containing 4.1 mL of ddH2O, 1.0 mL of 30% acylamide-bis solution, 270 

0.75 mL of 1 M Tris-HCl (pH 6.8), 0.06 mL of 10% SDS, 0.06 mL of 10% ammonium persulfate, 271 

and 0.006 mL of TEMED. Immediately insert the comb into the concentration gel solution, leave 272 

for 30 min, and then take out the comb. 273 

 274 

3.12. Prepare the 1x Tris-glycine electrophoresis buffer by diluting 100 mL of 10x Tris-glycine 275 

electrophoresis buffer with 900 mL of ddH2O and pour into the electrophoretic tank. 276 

 277 

3.13. Mix 30 μg of the mitochondrial proteins from the ovarian cancer and control ovarian 278 

tissues from step 3.4 with loading buffer to reach a final volume of 20 μL. Boil the mixture for 5 279 

min, then separate it with the 10% SDS-PAGE resolving gel using a constant voltage of 100 V. 280 

When the bromphenol blue reaches the bottom, stop the electrophoresis. 281 

 282 

3.14. Prepare 1.5 L of electrophoretic transfer buffer by mixing 150 mL of 10x Tris-glycine 283 

electrophoresis buffer, 1,050 mL of ddH2O, and 300 mL of methanol. 284 

 285 

3.15. Soak the PVDF membrane in 100% methanol for 10 min and in electrophoretic transfer 286 

buffer for at least 5 min. Soak five sheets of filter paper in 1x elecrophoretic transfer buffer for 287 

at least 5 min. 288 

 289 

3.16. Take out the SDS-PAGE gel containing the proteins, and soak it in electrophoretic transfer 290 

buffer for 10 min. 291 

 292 

3.17. Make a transfer cassette by placing a wet sponge on the white plate, three sheets of wet 293 

filter paper, the PVDF membrane, the SDS-PAGE gel with the proteins, two sheets of wet filter 294 

paper, and the wet sponge from the bottom to top. Avoid any bubbles. 295 

 296 

3.18. Place the transfer cassette into the electrophoretic tank, pour in the electrophoretic 297 

transfer buffer, and then transfer for 2 h under a constant 200 mA current. 298 

 299 

3.19. Prepare 10x Tris-buffered saline (TBS) stock solution by mixing 12.114 g of Tris, 29.22 g of 300 

NaCl, and adding ddH2O to a final volume of 500 mL. Prepare 2 L of 1x TBST by mixing 200 mL of 301 

10x TBS, 2 mL of Tween-20, and 1,798 mL of ddH2O. Prepare 100 mL of blocking solution by 302 

mixing 100 mL of TBST and 5 g of BSA. 303 

 304 

3.20. After transfer, take out the PVDF membrane, wash lightly in TBST for 5 min, then block it 305 

in blocking solution for 1 h at room temperature. 306 

 307 

3.21. Incubate the PVDF membrane (4 °C overnight) with different primary antibodies specific 308 



to different subcellular organelles, including lamin B (cell nucleus; goat anti-human antibody 1: 309 

1,000 blocking solution), flotillin-1 (cytomembrane; rabbit anti-human antibody 1:500 blocking 310 

solution), COX4I1 (mitochondrion; rabbit anti-human 1:1,000 blocking solution), GM130 (Golgi 311 

apparatus; mouse anti-human antibody 1:1,000 blocking solution), catalase (peroxisome; rabbit 312 

anti-human antibody 1:1,000 blocking solution), and cathepsin B (lysosome; rabbit anti-human 313 

antibody 1:1,000 blocking solution). Lightly wash in TBST for 5 min 3x. 314 

 315 

3.22. Incubate the PVDF membrane for 1 h at room temperature with the corresponding 316 

secondary antibodies (rabbit anti-goat, goat anti-rabbit, or goat anti-mouse). Lightly wash in 317 

TBST for 5 min 3x. Visualize it with electrochemiluminescence (ECL). 318 

 319 

4. iTRAQ-SCX-LC-MS/MS analysis 320 

 321 

NOTE: The detailed procedures for section 4 refer to the iTRAQ instructions (Table of 322 

Materials). 323 

 324 

4.1. Add SDT buffer (4% SDS, 100 mM Tris-HCl pH 7.6, and 100 mM DTT) to the purified 325 

mitochondrial samples (i.e., the pellets from the ovarian cancer tissues from step 1.16 and the 326 

control ovarian tissues from step 2.17). Vortex the sample until there is no visible precipitate.  327 

 328 

NOTE: The mitochondrial sample to SDT buffer ratio should be 1:5. 329 

 330 

4.2. Boil the SDT-treated sample for 5 min, cool down the sample on ice, and then centrifuge 331 

(2,000 x g, 2 min). 332 

 333 

4.3. Collect the supernatant as the extracted mitochondrial protein samples and measure the 334 

protein content with a BCA protein assay kit. 335 

 336 

4.4. Take SDT-extracted mitochondrial proteins (200 μg of each sample) for reduction, 337 

alkylation, digestion with trypsin, desalination, and lyophilization3,4. Do three replicates for each 338 

sample. 339 

 340 

4.5. Treat the tryptic peptides (100 μg of each sample) from step 4.4 with 100 mM tetraethyl 341 

ammonium bromide solution (pH 8.5), and label the tryptic peptides with one of the 6-plex 342 

iTRAQ reagents according to its instructions3,4. Label each sample 3x. 343 

 344 

4.6. Mix equally 6 labeled tryptic peptide samples (three from ovarian cancer tissues and three 345 

from control ovarian tissues), and dry with a vacuum concentrator. 346 

 347 

4.7. Fractionate the mixed iTRAQ-labeled peptides with SCX chromatography into 60 fractions 348 

(one fraction per 1 min), then combine every two fractions as a SCX-fractionated sample (n = 349 

30). 350 

 351 

4.8. Subject each SCX-fractionated sample to LC-MS/MS analysis on a mass spectrometer3,4 352 



coupled with a nano LC system within a 60-min LC separation gradient to obtain MS/MS data. 353 

 354 

4.9. Search the MS/MS data to identify proteins with the search engine (Table of Materials). 355 

 356 

4.10. Use the iTRAQ reporter-ion intensities to quantify each protein and determine 357 

mitochondrial differentially expressed proteins (mtDEPs) with a change of >1.5 or <-1.5 fold, 358 

and p < 0.05. 359 

 360 

REPRESENTATIVE RESULTS: 361 

There was a difference in the preparation of the mitochondria from ovarian cancer tissues and 362 

control ovarian tissues. This study found that it was much easier to prepare mitochondria from 363 

ovarian cancer tissues than from control ovarian tissues3,4. Some improvements had to be 364 

made to the protocol for the preparation of mitochondria from control ovarian tissues. First, 365 

prior to tissue homogenization, it was necessary to add 8 mL of 0.05% trypsin/20 mM EDTA into 366 

the PBS solution added to the minced control tissues, followed by digestion for 30 min at room 367 

temperature, and centrifugation at 200 x g for 5 min (see protocol step 2.5). This improved the 368 

preparation of mitochondria. Second, the discontinuous density gradient was different for the 369 

preparation of mitochondria from control ovarian tissues and ovarian cancer tissues (Figure 1). 370 

For ovarian cancer tissues it was prepared by adding 5 mL of 34%, 8 mL of 30%, 12 mL of 25% 371 

(containing the crude mitochondria), 8 mL of 23%, and 3 mL of 20% density gradient medium 372 

from bottom to top in a tube. The purified mitochondria were found at the interface between 373 

25% and 30% after centrifugation (Figure 1A, see protocol steps 1.12 and 1.13). For control 374 

ovarian tissues it was prepared by adding 8 mL of 38%, 5 mL of 34%, 8 mL of 30%, 12 mL of 25% 375 

(containing the crude mitochondria), 8 mL of 23%, and 3 mL of 20% density gradient medium 376 

from bottom to top in a tube. In this case, the purified mitochondria were in the range from the 377 

interface between 25% and 30% to the interface between 34% and 38% after centrifugation 378 

(Figure 1B, see protocol steps 2.13 and 2.14). 379 

 380 

The protocol obatined high-quality mitochondrial samples. High quality mitochondrial samples 381 

are the prerequisite for quantitative mitochondrial proteomics. This study evaluated the quality 382 

of the mitochondria that were prepared with differential-speed centrifugation and density 383 

gradient centrifugation via EM (Figure 2) and Western blot (WB, Figure 3). EM images 384 

demonstrated that in both ovarian cancers and control ovarian tissues the main organelles 385 

isolated were mitochondria, except for a small quantity of peroxisomes. The morphology of the 386 

mitochondria changed more in ovarian cancers than control ovarian tissue (Figure 2). WB 387 

images demonstrated that the major component in prepared mitochondrial samples from 388 

ovarian cancers and control ovaries was mitochondria, except for a small quantity of 389 

peroxisomes (Figure 3). The WB results were consistent with the EM results. It was reasonable 390 

for peroxisomes to be contained in prepared mitochondria, because mitochondria interact 391 

extensively with peroxisomes3,17,18, which in turn reflect the functional completeness of the 392 

mitochondria. These results demonstrated the high quality of the prepared mitochondrial 393 

samples. 394 

 395 

The amount of mitochondrial protein prepared with this protocol was adequate for further 396 



analysis. It is necessary to obtain a sufficient amount of mitochondrial samples from ovarian 397 

cancer and control ovarian tissues. This study combined the mitochondrial samples prepared 398 

from seven ovarian cancer tissues, and from 11 control ovarian tissues3. A total of 2,409 μg of 399 

mitochondrial protein sample was obtained for ovarian cancers, and 4,440 μg of mitochondrial 400 

protein sample for control ovarian tissue (Table 1). Generally, for iTRAQ quantitative 401 

proteomics, each sample needs at least 600 μg proteins (200 μg proteins per each iTRAQ 402 

labeling, 3 replicates). Therefore, the prepared mitochondrial protein samples were sufficient 403 

for iTRAQ quantitative proteomics analysis. 404 

 405 

The achievement of the maximum number of quantified proteins benefits the in-depth 406 

investigation of mitochondria in human ovarian cancer. This study detected, identified, and 407 

quantified 5,115 proteins in ovarian cancers compared to control ovarian tissue, including 2,565 408 

(50.14%) upregulated proteins (ratio of cancers to controls >1) and 2,550 (49.86%) 409 

downregulated proteins (ratio of cancers to controls <1)3 (Table 2). Further, this study 410 

determined 1,198 mtDEPs between ovarian cancers and control ovaries with >1.5 or <-1.5 fold 411 

changes (p < 0.05), including 523 (43.66%) upregulated proteins and 675 (56.34%) 412 

downregulated proteins4 (Table 2). These data are currently the largest mitochondrial 413 

proteome profile in ovarian cancer. 414 

 415 

FIGURE AND TABLE LEGENDS: 416 

Figure 1: The crude mitochondria were purified with discontinuous density gradient 417 

centrifugation for ovarian cancer (A) and control ovarian (B) tissues. 418 

 419 

Figure 2: Electron micrograph image of mitochondria isolated from ovarian cancer (A) and 420 

control ovarian (B) tissues. 421 

 422 

Figure 3: Organelle-specific antibody-based Western blot images of mitochondria isolated 423 

from ovarian cancer (A) and control ovarian (B) tissues. 424 

 425 

Table 1: The amount of prepared mitochondrial protein samples. 426 

 427 

Table 2: The number of iTRAQ-identified proteins from prepared mitochondrial samples. 428 

 429 

DISCUSSION: 430 

Mitochondrial alterations are a hallmark of ovarian cancer. Preparation of high-quality 431 

mitochondrial samples from human ovarian cancer and control tissues for large-scale 432 

quantitative proteomics benefit the in-depth understanding of mitochondrial function in 433 

ovarian cancer pathogenesis and mitochondrial molecular network changes, and help clarify its 434 

molecular mechanism for subsequent discovery of target therapy and effective biomarkers 435 

based on mitochondria4,5,8. The differential-speed centrifugation in combination with density 436 

gradient centrifugation effectively isolated and purified mitochondria from human ovarian 437 

cancer and control ovarian tissues. The prepared mitochondrial samples were of very 438 

high-quality and were suitable for further quantitative proteomics analysis. 439 

 440 



The prepared mitochondrial samples contained a small quantity of peroxisomes3,17,18 and 441 

cytosolic proteins19,20. This should not be simply considered contamination, because they 442 

directly or indirectly interact or adhere with mitochondria to let mitochondria function more 443 

completely. Studies have found that mitochondria interact extensively with the actin 444 

cytoskeleton19,20 and peroxisomes17,18. It is unavoidable for some cytosolic proteins and 445 

peroxisome proteins to be contained in isolated mitochondrial samples. 446 

 447 

The key technique to detect, identify, and quantify proteins from the prepared mitochondrial 448 

samples was iTRAQ labeling-SCX-LC-MS/MS. This study identified and quantified 5,115 449 

mitochondrial proteins3, including 1,198 mtDEPs4,14. The largenumber of mitochondrial proteins 450 

found in the ovarian cancer tissues includes ones that can help to understand the role of 451 

mitochondria in ovarian cancer pathogenesis and also be a resource for the discovery of 452 

personalized target therapy based on mitochondrial metabolism8, and even finding effective 453 

biomarkers based on mitochondrial genomics, proteomics, and metabolomics from a 454 

systematic multi-omics angle9,11−13. Moreover, with the introduction of proteoform and protein 455 

species concepts in the proteome, in-depth exploration of mitochondrial proteoforms or 456 

protein species might directly lead to the discovery of effective and reliable biomarkers and 457 

therapeutic targets for ovarian cancer10,21,22. 458 

 459 

Furthermore, the present protocols in analysis of human ovarian cancer tissue mitochondrial 460 

proteomes described here are easily translated to study other human disease mitochondrial 461 

proteomes. 462 

 463 
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Ovarian cancer tissue 530 4.545 2,409

Control ovarian tissue 750 5.92 4,440

Mitochondrial protein sample
Volume 

(μL)

Concentration 

(μg/μL)

Proteins 

(μg)
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Category The number of 

total proteins*

The number of differentially expressed 

proteins#

Up-regulation 2,565 (50.14%) 523 (43.66%)

Down-regulation 2,550 (49.86%) 675 (56.34%)

Total 5,115 (100.0%) 1,198 (100.0%)

*Ratio of cancers to controls is >1 for up-regulation, <1 for down-regulation. 
#Ratio of cancers to controls is >1.5 fold for up-regulation, and <-1.5 fold for down-regulation.
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*Ratio of cancers to controls is >1 for up-regulation, <1 for down-regulation. 
#Ratio of cancers to controls is >1.5 fold for up-regulation, and <-1.5 fold for down-regulation.



Name of Material/ 

Equipment

Company Catalog 

Number

BCA protein assay kit Vazyme E112

Bovine serum albumin (BSA) Solarbio A8020-5G

Centrifuge XiangYi TDZ4--WS

CHAPS Sigma C9426-5G

Diamine tetraacetic acid 

(EDTA)

Sigma 798681-100G

DTT Sigma 10197777001

Easy nLC Proxeon 

Biosystems (now 

Thermo Fisher 

Scientific)

Ethylen glycol bis(2-

aminoethyl ether)tetraacetic 

acid (EGTA)

Sigma E0396-10G

Homogenizer SilentShake HYQ-3110

iTRAQ reagent kit Applied 

Biosystems

Low-temperature super-

speed centrifuger

Eppendorf 5424R

Mannitol Macklin M813424-

100G

MASCOT search engine Matrix Science, 

London, UK; 

version 2.2

Nagarse Solarbio P9090

N-hydroxysuccinimide (SDT) Sigma 56480-25G

Nycodenz Alere/Axis-Shield 1002424-1

Phenylmethanesulfonyl 

fluoride (PMSF) protease 

inhibitor

Solarbio P0100-1ML

Potassium chloride Macklin P816354-25G

Proteome Discover 1.4 Matrix Science, 

London, UK

Table of Materials Click here to access/download;Table of Materials;60435_Table
of Materials_v6.xls
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PVDF membrane Millipore 05317

Q Exactive mass 

spectrometer

Thermo Fisher 

Scientific

SCX column Sigma 58997

Sodium orthovanadate (V) Macklin S817660-25G

Sucrose Macklin S824459-500G

Thiourea Sigma 62-56-6

Tris base Sigma 10708976001

Trypsin (cell culture use) Gibco 25200-056

Urea Sigma U5378-100G



Comments/Description

BCA protein assay kit is a special 3-component 

version of our popular BCA reagents, optimized to 

measure (A562nm) total protein concentration of 

dilute protein solutions (0.5 to 20 

micrograms/ml).Heat shock fraction, Australia origin, protease 

free, low fatty acid, low IgG, pH 7, ≥98%

BioReagent, suitable for electrophoresis, ≥98% 

(HPLC) (Sigma-Aldrich)

Anhydrous, free-flowing, Redi-Dri, ≥98% 

1,4-Dithiothreitol

BioXtra, ≥97 .0%

Applied Biosystems iTRAQ Reagents–Chemistry 

Reference Guide, P/N 4351918A

Mannitol is a polyol (polyhydric alcohol) produced 

from hydrogenation from fructose that functions 

as a sweetener, humectant, and bulking agent. It 

has low hygroscopicity and poor oil solvency.

Purum, ≥97.0% (T)

PMSF is a protease inhibitor that reacts with 

serine residues to inhibit trypsin, chymotrypsin, 

thrombin, and papain.

Potassium chloride, KCI, also known as potassium 

muriate and sylvite, is a colorless crystalline solid 

with a salty taste that melts at 776°C (1420 OF). It 

is soluble in water, but insoluble in alcohol. 

Potassium chloride is used in fertilizers, 

pharmaceuticals, photography, and as a salt 

substitute.



It is 1 roll, 26.5 cm x 1.875 m, 0.45 µm pore size, 

hydrophobic PVDF transfer membrane with low 

background fluorescence for western blotting. It 

is compatible with visible and infrared fluorescent 

probes. 

It is 5-μm particle size, length 5 cm × i.d. 4.6 mm 

(Supelco).

Sodium orthovanadate (Vanadate) is a general 

competitive inhibitor for protein phosphotyrosyl 

phosphatases. The inhibition by sodium 

orthovanadate is reversible upon the addition of 

EDTA or by dilution.

Vetec reagent grade, 99% 

ACS reagent, ≥99.0%

TRIS base is useful in the pH range of 7.0-9.0. It 

has a pKa of 8.1 at 25°C.

This liquid formulation of trypsin contains EDTA 

and phenol red. Gibco Trypsin-EDTA is made from 

trypsin powder, an irradiated mixture of 

proteases derived from porcine pancreas. Due to 

its digestive strength, trypsin is widely used for 

cell dissociation, routine cell culture passaging, 

and primary tissue dissociation. 

powder, BioReagent, for molecular biology, 

suitable for cell culture
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l-lThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

LlThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARtICLE AND VIDEO uCENsE AGREEMENT

1 Defined Terms- As used in this Article and Vrdeo
License Agre€ment, the following terms shall have the
following meanin8s: "Agreement" means this Article and
Video License Agreement; "Article" means the anicle
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained th€rein; "Author"
means the author who is a signatory to this Agreement;
"Collective Work" means a work, such as a periodical issue,

antholo8y or encyclopedia, in which the Materials ln their
entirety in unmodified form, along with a number of other
contributlons, constituting separate ond independent
works in themselves, are assembled into a collective wholej
''CRC License" means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 lJnported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc
nd/3.O/legalcodej "Derivative Work" means a work based

upon the IVaterials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgmenl,
condensation, or any other form in which the Materials may
be recasi, transformed, or adapted; "lnstitution" means
the institution, listed on the last page ofthis Agreement, by
which the Author was employed at the time of the creation
of the Materials; "JoVE" means Mylove Corporation, a

Massachusetts corporation and the publisher ofThe Journal
of Visualized Experiments; "Materials" means the Article
and / or the V'deo; "Parties" means the Author and loVE;
"Video" means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or ln collaboratlon with the
Author or any other parties, incorporating all or any ponion

of the Article, and in wh ch the Author may or may not
appear.
2. Background. The Author, who is the author ofthe
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. ln
furtherance of such goals, the Parties desire to memorialize
in thiS Agreement the respe€tlve rights of each Party in and
to the Article and the Video.
3. Grant of Rlghts in Artlcle. In consideration ofloVE
agreeing to pu blish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in prlnt,
digital and electronic form) throughout the world, {b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion ofthe Article
and exerclse all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works andlclto license others to do any
or al of the above. The foreBoing ri8hts may be exercised in

all media and formats, whether now known or hereafter
devised, and include the right to make s!ch modifications
as are technically necessary to exercise the rights in other
media and forrnats. lf the "Open Access" box has been
checked in ltem 1 above, loVE and the Author hereby Brant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

61,2542.6 For questions, please contact us at subm issions@jove.com or +1.617.945.9051.

Author License Agreement (ALA) Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement_v1.pdf
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of Siving lectLireS, presentations or
teaching classes, and to post a copy of the Article on the
Institution's webtite or the Author's personal website, in

each case provlded that a link to the Article on the iovE
website is provlded and notice of lovE's copyrighl in the
Ani€le is lncluded. All non'copyright intellectual property
rights in and to the Ariicle, such as patent rights, shall
remaln with the Author.
5. Grant of Rlghts in Video - Standard Access. This
Section 5 applies if the "Standard Access" box has been
checked in ltem l above or if no box has been checked in

Item l above. In consideration ofJoVE agreeinBto produce,

display or otherwise assist with the Video, the Author
hereby acknowled8es and agrees that, Subject to Section 7

below,loVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyri8hts, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any riShts of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to loVE.
6. Grant of Rights in Video - Open Access. This
Section 6 applies only if the "Open Acce5s" box has been
checked in ltem 1 above. In consideration of loVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, sublect to Section 7 below,
the exc[]sive, royalty-free, perpetual (for the full term of
copyright in the Article, incl!ding any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all formt, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b)ro translate the Video inio other languages,
create adaptations, summaries or extracts of the Video or
other Derivatlve Works or Collective Works based on all or
any portion of the Vldeo and exercise all of the rights set
forth in (a) above in such translations, ad6ptations,
summarles, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
fore8oing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modificatlons as are technically
necessary to exercise the rights in other media and formats.
For any Video to which th is Section 6 is applicable, loVE and
the Author hereby grant to th€ public all such ri8hts in th€
Video as provided in, but subject to all limitations and
reqLire'nentr set'orth in, tl'e CRC Lrcense

7. Gove.nment Employees. lf the Author is a United
States Bovernment employee and the Article was prepared
in the course of his or her duties as a Linited States

Bovernment employee, a5 indicated in ltem 2 above, and
any of the licenses or Brants granted by the Author
hereunder exceed the scope of the 17 u.s.c. 403, then the
rights Branted hereunder shall be limited to the maximum

ART!CLE AND∨ lDE○ LlCENsE AGREEMENT

rights permitted under such statute. ln such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.
8. Protection of the Work. The Autho(s) authorize
loVE to take steps in the Autho(s) name and on their behalf
if loVE believes some third party could be infringing or
mi8ht infringe the copyright of either the Author's Article
and/or Video.
9. tikeness, Privacy, Personallty. The Author hereby
grants.JoVE th€ right to use the Author's name, voi€e,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in

connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or sh€ may have, rela!ing to his or her appearance
in the Video or otherwlse relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.

10. Author Warranties. The Author represents and
warrants that the Article is ori8inal, that it has not been
published, that the copyright interest is owned by the
Author(or,if moreihanoneauthorislistedatthebe8inning
ofthis Agreement, by such authors colleclively) and has not
been asslgned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materlals. lf more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Anicle and Video License

Agreement with loVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each ofthe other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this A8reement as if each of them
had been a party hereto as an Author. The ALrthor warrants
that the use, reprodLrction, distribution, public or private
performance or display, and/or modification of all or any
portron of the lMaterials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
instilutional, laboratory, hospital, ethical, human and
animaltreatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review boafd.
11. JoVE Discretion. lf the Author requests the
assistance of loVE in producin8 the Video in the Author's
facility, the Author shall ensure that the presence of loVE
employees, aSents or independent contractors is in

accordance with the relevant regulations of the Author's
institution. lt more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with retpect to the

Article until such time as it has received cornplete, executed

Article and Video License ABreementt from each such

author. loVE reserves the right, in its absolute and sole

discretion and without giving any reason therefore, to

accept or decline any work submitted to JoVE JoVE and its

employees, agents and independent contractors shallhave

full, unfettered access to the facilities of the Author or of

the Author't institution as necessary to make the Video'

whether actually published or not JoVE has sole discretion

as to the method of makin8 and publishing the Materials'

including, without limitation, to all decisions regardrng

editing, lighting, filminS, timing of publication, it any,

length, quality, content and the like

1,2. lndemnilication. The Author agrees to indemnify

loVE and/or its successors and assiSns from and agalnst any

and all claims, costs, and expenses, including attorney'5

fees, arising out of anv breach of anY warrantY or other

represenlations contained herein. The Author further

agrees to indemnify and hold harmless loVE from and

against any and all claims, costs, and expenset, includlng

attorney's f€es, resulting from the breach by the Author of

any representation or warranty contained herein or from

allegations or instances of violation of intellectual property

rights, damage to the Author's or the Author's institution's

facilities, fraud, libel, defamation, research, equipment,

experiments, property damage, personal jnjury, violations

of institutional, laboratory, hospital, ethical, human and

animal ireatment, privacy or other rules, regulations, laws,

procedures or guidelines, liabilities and other losses or

damages related in any way to the submis\ion of work to

loVE, making of videos by loVE, or publication in JoVE or

elsewhere by loVE. The Author shallbe responsible for, and

shall hold JoVE harmless from, damaget caused by lack of

sterilization, lack of cleanliness or by contamination due to

A s gned Copy0fthis document must be sent w th a"new submiss ons0nˇ
0ne Agreementls requ red persVbmiss on

CORREsPONDlNG AuTHoR

帅
Please submit a signed and datld copy of this license by one of the following three methods:

1. Upload an electronic version on the JoVE submission site

2. Fax the 6e6urnsnt te +1.865.38I2236

3. Mail the document to lovE / Attn; JoVE Fditorial / 1 Alewife center #200 / cambridge, MA 02140

the making of a video by .JoVE its employees, agents or

independent contractors All sterili2ation, cleanliness or

decontamination proc€dures shall be solely the

responsibility of the Author and shall be undertaken at the

Author's expense- All indemnifications provided herein

shall include JoVE's attorney's fees and costs related to said

losses or damages such indemnification and holding

harmless shall include such losses or damages incurred bY,

or in connection with, acls or omissions of loVE, its

employees, agents or independent contractors'

13. Fees. To cover the cost incurred for publication'

loVE must receive payment before production and

publication the Materials Payment is due in 21 days of

invoice Should the Materials not be published due to an

editorial or production decision, these funds will be

returned to the Author. Withdrawal by the Althor of any

submitted Materials after final Peer review approval will

result in a uSS1,200 fee to cover pre-production expenses

incurred by loVE. lf paYment is not received by the

completion of filminS, production and publication of the

Materials will be suspended until payment is received

14. Transfer, Governint [aw. This Agreement may be

assigned by loVE and shall inure to the benefits of any of

loVE's successors and assiSnees This Agreement shall be

governed and construed by the internal laws of the

Commonwealth of Massachusetts without giving effect to

any conflict of law provision thereunder' This Agreement

may be executed in counterparts, each of whi€h shall be

deemed an original, but all of which together shall be

deemed to me one and the same agreement A signed copy

of this Agreement delivered by facsimile, e'mail or other

mean5 of electronic transmission shal be deemed to have

the same legal effect as delivery of an oriEinal signed copy

of thls ABreement.
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Responses to Editorial comments: 

 

1. Please note that the editor has formatted the manuscript to match the journal's style. 

Please retain the same. The updated manuscript is attached and please use this version 

to incorporate the changes that are requested. 

Response: Yes. We retain the same format. 

 

2. Please thoroughly proofread the manuscript to ensure that there are no spelling or 

grammar issues. 

Response: We proofread the entire manuscript. 

 

3. Please add more details to your protocol steps. There should be enough detail in each 

step to supplement the actions seen in the video so that viewers can easily replicate the 

protocol. Please ensure you answer the “how” question, i.e., how is the step performed? 

Alternatively, add references to published material specifying how to perform the protocol 

action. 

Response: More details were added.  

 

4. Please address specific comments marked in the attached manuscript. 

Response: Each specific comment was addressed. Please see the revised text. 

 

5. Figure 3: Please label the fragment size. 

Response: It was revised. 

 

6. Please submit the figures as a vector image file to ensure high resolution throughout 

production: (.svg, .eps, .ai). Please save any .ai files as a .pdf for submission but 

maintain .ai files for production purposes. If submitting as a .tiff or .jpg (not preferred), 

please ensure that the image is 1,440 pixels x 480 pixels or 300 dpi. 

Response: It was revised. 

 

7. Table of Materials: Please ensure that it has information on all relevant supplies, 

reagents, equipment and software used, especially those mentioned in the Protocol. 

Please sort the materials alphabetically by material name. 

Response: It was revised. 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Response to
Editorial comments.doc

https://www.editorialmanager.com/jove/download.aspx?id=1086180&guid=564f5908-bcaa-4a72-8172-ec885ede8343&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1086180&guid=564f5908-bcaa-4a72-8172-ec885ede8343&scheme=1

