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SUMMARY: 29 

We present a protocol for studying the binding domain of Au(III) in bovine serum albumin (BSA).  30 

 31 

ABSTRACT: 32 

The purpose of the presented protocols is to determine the domain of Au(III) binding in BSA. The 33 

BSA-Au(III) compound exhibits ultraviolet (UV)-excitable red luminescence (λem = 640 nm), with 34 

unusual Stokes shifts compared to the innate UV/blue fluorescence arising from the aromatic 35 

residues. Red-luminescent complexes are formed in highly alkaline conditions above pH 10 and 36 

require a conformation change within the protein to occur. In addition, preservation of Cys-Cys 37 

disulfide bonds in BSA is necessary to obtain this red luminescence. In order to understand the 38 

mechanism of this luminescence, elucidation of the luminophore-forming Au(III) binding site is 39 

essential. A facile way to assess the luminophore-forming site would be to (1) predictably 40 

fragment the protein by enzymatic digestion, (2) react the obtained fragments with Au(III), then 41 

(3) perform gel electrophoresis to observe the well-separated fragment bands and analyze the 42 

in-gel red luminescence. However, due to the alkaline conditions and the reaction with metal 43 

cations, new limited proteolysis techniques and gel electrophoresis conditions must be applied. 44 
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Particularly, the presence of metal cations in gel electrophoresis can make the band separations 45 

technically difficult. We describe this new protocol in steps to identify the red-luminophore-46 

forming metal binding domain in BSA. This protocol can thus be applied for analyzing protein 47 

fragments that must remain in a non-denatured or a partially denatured state, in the presence 48 

of metal cations. Because the majority of proteins need metal cations to function, analyses of 49 

metal-bound proteins are often desired, which have relied on x-ray crystallography in the 50 

literature. This method, on the other hand, could be used in supplement to study the interactions 51 

of proteins with metal cations without requiring the protein crystallization and at a desired pH 52 

condition.  53 

 54 

INTRODUCTION: 55 

Bovine serum albumin1-3 (BSA)–gold (Au) complexes, obtained by reactions in highly alkaline 56 

conditions (pH > 10), are known to exhibit UV-excitable red luminescence (λem = 640 nm)4-7. 57 

Numerous applications of this compound has been proposed and investigated, including 58 

sensing,8-10 imaging11-13, and nanomedicine14-16. However, the mechanism of the luminescence is 59 

not fully understood. Identifying the location of Au(III) binding and the luminophore formation in 60 

BSA is an important step. 61 

 62 

It has been recently elucidated that pH-controlled dynamic conformation change of BSA, 63 

followed by a Au(III) binding to a Cys-Cys disulfide bond, is necessary for yielding the red 64 

luminescence4. In order to gain further insights into the mechanism of this luminescence, 65 

elucidation of the luminophore-forming Au(III) binding site is essential. A facile way to assess the 66 

luminophore-forming site is to fragment the BSA-Au compound by enzymatic digestion, and to 67 

analyze each fragment for the luminescence. However, due to the alkaline conditions and the 68 

presence of metal cations, new proteolysis and gel electrophoresis protocols are needed.  69 

 70 

We employed limited enzymatic proteolysis as the method of protein fragment preparations, 71 

while preserving the Cys-Cys disulfide bonds. In the conventional proteolysis, cleaving of all 72 

disulfide bonds and linearization of a protein (by denaturing agents such as dithiothreitol and 73 

urea, as well as heat) is necessary. Herein, we demonstrate a Cys-Cys bond-preserving proteolysis 74 

and evaluate the obtained fragments and their luminescence after the reaction with Au(III). We 75 

use trypsin for the digestive enzyme, as a concrete example. 76 

 77 

The protocol generally describes the gel electrophoresis of proteins and fragments in the 78 

presence of metal cations. Because the majority of proteins need metal cations to function17,18, 79 

analyses of metal-bound proteins are often desired, which have relied on x-ray crystallography 80 

in the literature. Structures of BSA, and their fragments, are not known for non-neutral pH 81 

conformations including at pH > 10. Therefore, the structural details of the Au(III) coordination 82 

cannot be analyzed by gel electrophoresis alone. This method, on the other hand, could be used 83 

in supplement to study the interactions of proteins with metal cations without requiring the 84 

protein crystallization, which may not be possible at a desired functional pH condition. The 85 

presence of metal cations can cause significant “smearing” of the gel bands. The focus of this 86 

paper is to overcome this technical difficulty and to present a protocol to minimize the metal-87 

induced band smearing.  88 



  89 

PROTOCOL: 90 

 91 

1. Synthesis of BSA-Au complex fragments  92 

 93 

1.1. Dissolve 5 mg of BSA in 1 mL of HPLC water containing 50 mM Tris-HCl and 50 mM NaCl 94 

with a pH of 8.0 in a 5 mL vial.  95 

 96 

1.2. Dissolve 2 mg of trypsin in 1 mL of a freshly prepared solution of HPLC water containing 97 

50 mM Tris-HCl and 50 mM NaCl with a pH of 8.0. 98 

 99 

1.3. Place the reaction vial of BSA in a 37 °C water bath and stir vigorously at 750 rpm using a 100 

magnetic stirrer.  101 

 102 

1.4. Immediately after stirring begins, add 50 µL of the freshly prepared trypsin to the solution.  103 

 104 

NOTE: No sodium dodecyl sulfate (SDS), dithiothreitol (DDT), or urea should be added to the 105 

solution, as opposed to the conventional enzyme digestion reactions. Also, no temperature 106 

annealing should be performed. Due to this limited proteolysis, Cys-Cys disulfide bonds will be 107 

kept intact and only surface accessible random coil segments will be cleaved by the enzyme. 108 

 109 

1.5. Dissolve Au(III) chloride (chloroauric acid) in 1 mL of HPLC grade water to a concentration 110 

of 750 µM. 111 

 112 

1.6. Into the reaction vial, add the chloroauric acid solution for a resulting BSA:Au molar ratio 113 

of 1:10. 114 

 115 

1.7. Stir the mixture for 2 minutes at 37 °C and at 750 rpm using a magnetic stirrer. 116 

 117 

1.8. Add 100 µL of 1 M NaOH to the reaction vial to achieve a pH of 12.5.  118 

 119 

NOTE: The high alkaline conditions of the reaction should induce the formation of the red 120 

luminescent complex and quench the enzymatic activity of trypsin.  121 

 122 

1.9. Stir the mixture vigorously at 750 rpm for 2 hours at 37 °C. 123 

 124 

NOTE: The final product was used immediately without further purification. 125 

 126 

2. Gel electrophoresis of BSA-Au complex fragments by limited proteolysis  127 

 128 

2.1. Rinse a pre-cast 4-12% gradient Bis-Tris gel using deionized water and place in a gel 129 

electrophoresis tank.  130 

 131 



2.2. Prepare 500 mL of MES running buffer solution from a concentrated stock solution, 132 

diluting with deionized water.  133 

 134 

2.3. Prepare for each well lane by diluting samples to 1 µg of protein/µL in a 20% glycerol 135 

solution. This dilution brings the pH from 12.5 to ~8. 136 

 137 

NOTE: No SDS, DTT, or urea is used in the sample buffer. Additionally, temperature annealing of 138 

samples should not be performed. 139 

 140 

2.4. Add 10 µL of each sample solution to each lane of the gel. 141 

 142 

2.5. Run the gel for 1 hour at a constant voltage of 150 V. 143 

 144 

2.6. After running the gel, remove the gel from the cast and rinse 3 times for 1 minute each 145 

using deionized water to remove running buffer. 146 

 147 

2.7. Store the gel in 200 mL of deionized water and immediately measure the in-gel 148 

fluorescence, using a gel imaging system.  149 

 150 

2.8. Prepare a fresh staining solution containing 200 mg of Coomassie Brilliant Blue in 200 mL 151 

of the following solution: methanol, acetic acid, and water at a volume ratio of 50:10:40. 152 

 153 

2.9. Wash the gel in 200 mL of staining solution for 30 minutes using gentle rocking. 154 

 155 

2.10. Prepare a fresh de-staining solution by mixing methanol, acetic acid, and water at a 156 

volume ratio of methanol:acetic acid:water = 50:10:40. 157 

 158 

2.11. Wash the gel in 100 mL of de-staining solution for 1 hour using gentle stirring.  159 

 160 

2.12. Repeat the above procedure 4 times and finally store the fixed gel deionized water at 161 

room temperature.  162 

 163 

3. Analysis of BSA-Au complex fragments by limited proteolysis 164 

 165 

3.1. Examine the amino acid sequence of BSA and prepare a table of expected fragments that 166 

can be obtained by enzymatic digestion, assuming Cys-Cys bond preservation (limited 167 

proteolysis). In the case of trypsin digestion (Table 1), cut locations are C-terminus of Lys and Arg, 168 

except followed by Pro. Account for the small errors in fragment molecular weights, arising from 169 

the ambiguity in tryptic cut locations. 170 

 171 

NOTE: Analyzing the amino acid sequence of BSA, the expected limited tryptic fragments 172 

obtained from this step are: [A] (7.3 kDa, residues 1 – 64); [B] (5.9 kDa, residues 65 – 114); [C] 173 

(20.1 ~ 22.4 kDa, residues 115/117 – 294/312); [D] (21.3 ~ 23.4 kDa, residues 295/313 – 499); 174 

and [E] (9.5 kDa, residues 500 – 583). Ambiguity in tryptic cut locations result from segments 175 



outside the Cys-connected units. For BSA, the residues 107 – 114 (0.9 kDa) and residues 295 – 176 

312 (2.1 kDa) can appear as the N-or C-terminus part of a Cys-Cys bond-connected fragment.  177 

 178 

3.2. Identify location(s) of surface-exposed Cys in these expected fragments. For trypsin-179 

digested BSA, the only surface-exposed Cys34 is in fragment [A].  180 

 181 

3.3. Prepare the list of molecular weights observed as gel electrophoresis bands, below ~66 182 

kDa (molecular weight of BSA).  183 

 184 

NOTE: For trypsin digestion, the observed gel electrophoresis bands are: Band(1) = undigested 185 

BSA; Band(2) ~50 kDa; Band(3) ~44 kDa; Band(4) ~42 kDa; Band(5) ~36 kDa; Band(6) ~32 kDa; 186 

Band(7) ~26 kDa; Band(8) ~21 kDa; Band(9) ~15 kDa; Band(10) ~12 kDa; Band(11) ~10 kDa; and 187 

Band(12) ~8 kDa.  188 

 189 

3.4. Reconstruct the list of the observed molecular weights in the gel, by the sequential 190 

additions of the expected BSA fragments. For trypsin, fragment [A] can form [A]-[A] dimer 191 

through the surface-exposed Cys residue.  192 

 193 

REPRESENTATIVE RESULTS: 194 

The observed twelve gel bands were uniquely reconstructed from the five expected BSA 195 

fragments [A] – [E] (Figure 1). The results were consistent with the literature, in which the 196 

secondary structures including α-helices and β-strands are preserved19-23. Band(1) = [ABCDE] 197 

(undigested); Band(2) = [ABCD] (connected fragments); Band(3) = [BCD]; Band(4) = [CD]; Band(5) 198 

= [A]+[ABC]; Band(6) = [ABC]; Band(7) = [BC]; Band(8) = [D]; Band(9) = [A]+[A]; Band(10) = [AB]; 199 

Band(11) = [E]; Band(12) = [A] (Figure 2a). Band(5) and Band(9) contain dimerized fragment [A], 200 

which are justified by the surface-exposed Cys342. Bands above the molecular weight of BSA ~66 201 

kDa can be excluded from further analyses of BSA fragments.  202 

 203 

Smearing of the gel bands was observed in the presence of Au(III). We attribute this smearing to 204 

the interaction of the surface-bound Au(III)5 with the gel matrix24,25. This smearing can be 205 

minimized, when the protocol is followed. Out of the twelve gel bands of BSA-trypsin, nine bands 206 

were observed as [BSA-trypsin]-Au (Figure 2b). Multimer bands (above ~66 kDa) were 207 

pronounced, due to aggregation caused by surface-bound Au(III)12. 208 

 209 

Five bands exhibited the in-gel red luminescence (Figure 2c). These bands were Band(1) = 210 

[ABCDE] (undigested BSA); Band(2) = [ABCD]; Band(3) = [BCD]; Band(6) = [ABC]; Band(7) = [BC]. 211 

Luminescence was absent in Band(8) = [D], Band(9) = [A]+ [A], Band(10) = [AB], and Band(12) = 212 

[A] (Figure 2d). This in-gel luminescence band pattern can be explained by the presence of a red 213 

luminophore in the tryptic fragment [C] (residues 115/117 – 294/312). 214 

  215 

The gel band smearing was exacerbated with extended digestion times, in the presence of Au(III). 216 

The smearing was minimized when the protocol described above was used. Examples of non-217 

optimized gel electrophoresis are described in Figures 3-6, to demonstrate the factors affecting 218 

the limited tryptic proteolysis and the gel electrophoresis in the presence of metal cations. 219 



 220 

FIGURE AND TABLE LEGENDS: 221 

Figure 1. List of Cys-Cys bond-preserving bands of BSA by limited tryptic proteolysis. Tryptic 222 

cleaving in the random coil regions can result in 15 (#i–xv) fragments, but Cys-Cys bonds connect 223 

the sequences as indicated. This table has been modified from Dixon et al.6. 224 

 225 

Figure 2. Gel-electrophoresis of the tryptic fragments of BSA obtained by the limited 226 

proteolysis. (a) A total of twelve bands were observed in gel-electrophoresis of BSA by the limited 227 

tryptic proteolysis. (b) Tryptic BSA fragments reacted with Au(III). (c) In-gel luminescence of (b). 228 

(d) Drawing of the observed in-gel bands. In-gel red luminescence was observed with Band(1) = 229 

undigested BSA, Band(2) = [ABCD], Band(3) = [BCD], Band(6) = [ABC], and Band(7) = [BC] 230 

(indicated by †). 231 

 232 

Figure 3. Optimizing the time of reaction with Au. (A) BSA; (B) BSA-Au (reacted for 2 h); (C) BSA-233 

Au (reacted for 1 h); (D) BSA-Au (reacted for 30 min); (E) BSA-Au (reacted for 5 min). The red 234 

luminescence of BSA-Au complexes required at least 30 min at 37 °C, and luminescence was most 235 

intense in the gel after reaction for 2 hours. However, the longer reaction time led to more 236 

smearing in the gel electrophoresis bands. In order to maximize the luminescence intensity and 237 

to minimize the smearing, the optimum reaction time was chosen to be 2 hours. 238 

 239 

Figure 4. Optimizing the timings of the addition of trypsin for digestion, and Au for reaction. 240 

The reaction time with Au was explored in the range of 2 to 24 h. (A) BSA; (B) [BSA-trypsin]-Au 241 

(after 2 h); (C) [BSA-trypsin]-Au (after 4 h); (D) [BSA-trypsin]-Au (after 8 h); (E) [BSA-trypsin]-Au 242 

(after 24 h). Longer reaction time resulted in more smearing of the gel bands. 243 

 244 

Figure 5. Effects of metal cations and the gel band smearing. The smearing of the gel bands by 245 

the additions of and reactions with Au(III) were similarly observed with Cu(II) and Ni(II). (A) BSA; 246 

(B) BSA-Au; (C) [BSA-trypsin]-Au (2-hour digestion); (D) [BSA-trypsin]-Au (overnight digestion); (E) 247 

[BSA-trypsin]-Cu (2-hour digestion); (F) [BSA-trypsin]-Cu (overnight digestion); (G) [BSA-trypsin]-248 

Ni (2-hour digestion); (H) [BSA-trypsin]-Ni (overnight digestion). The red luminescence was not 249 

observed upon reactions with Cu(III) or Ni(II). 250 

 251 

Figure 6. Effects of pH and the order of the additions of trypsin and Au. The fragmented 252 

compounds were prepared by reacting Au with digested BSA ([BSA-trypsin]-Au), or by digesting 253 

the pre-formed BSA-Au ([BSA-Au]-trypsin), and then run in gel as is or after adjusting the pH to 7 254 

in sample buffer. (A) BSA; (B) BSA-Au (as is); (C) BSA-Au (pH=7); (D) BSA-trypsin; (E) [BSA-trypsin]-255 

Au (as is); (F) [BSA-Au]-trypsin (as is); (G) [BSA-trypsin]-Au (pH=7); (H) [BSA-Au]-trypsin (pH=7). 256 

The presence of the red luminescence was not affected by the order of the additions of trypsin 257 

and Au, however the smearing of the gel bands was more pronounced for [BSA-Au]-trypsin. The 258 

adjustment of pH to neutral in the sample buffer did not significantly improve the gel band 259 

smearing, however increased the aggregation of fragments as indicated by the gel bands above 260 

~66 kDa.   261 

 262 

DISCUSSION: 263 



The purpose of the present protocol was to identify the red-luminophore-forming domain in BSA-264 

Au complexes. We employed limited tryptic proteolysis to obtain the BSA fragments, while 265 

preserving the Cys-Cys bonds that are necessary to produce the red luminescence. We optimized 266 

the conditions for proteolysis and electrophoresis in the presence of Au(III). The same principles 267 

can be broadly applied to the gel analyses of fragmented proteins in the presence of metal 268 

cations. 269 

 270 

We performed multiple optimizations to enable the analysis of BSA-Au fragments and their in-271 

gel luminescence. The red luminescence of BSA-Au complexes and [BSA-trypsin]-Au fragments 272 

required at least 30 min of reaction time at 37 °C to be observable in gels, and luminescence was 273 

most intense in the gel after reaction for 2 hours (Figure 3, Figure 4). However, the longer 274 

reaction time led to more smearing in the gel electrophoresis bands. In order to maximize the 275 

luminescence intensity and to minimize the smearing, the optimum reaction time was chosen to 276 

be 2 hours. 277 

 278 

The presence of metal cations appears to be the major cause of the gel band smearing. The 279 

smearing of the gel bands were observed by the additions of and reactions with Au(III), as well 280 

as with Cu(II)24,25 and Ni(II) (Figure 5). We also assessed the effects of the order of the addition 281 

of trypsin and Au, and the sample loading buffer pH (Figure 6). We observed the in-gel red 282 

luminescence regardless of the order of the additions of trypsin and Au. However, smearing of 283 

the gel bands was suppressed for [BSA-trypsin]-Au, namely by digesting BSA first and then 284 

reacting the obtained fragments with Au. The adjustment of pH to neutral in the sample loading 285 

buffer for the gel electrophoresis did not significantly improve the gel band smearing, rather, it 286 

increased the aggregation of fragments as indicated the gel bands above the molecular weight 287 

of 66.4 kDa. Other important factors that we note to optimize the gel-band analysis are the ratio 288 

of BSA:Au (maximum intensity was obtained for the ratio of 1:255, but we optimized it to 1:10 to 289 

minimize the metal cation-induced gel smearing, while maximizing the red luminescence 290 

intensity) and the gel loading (10 µg of protein per lane, to maximize the in-gel band 291 

luminescence intensity while avoiding the overloading). For gel-based proteomics, a further 292 

improvement in the smearing may be necessary. 293 

 294 

The majority of proteins need metal cations to function, and at a particular physiological pH. For 295 

a complete understanding of these proteins, x-ray crystallography is ultimately required for the 296 

structural analyses and the identification of metal coordination. However, protein crystallization 297 

is often difficult and is not always possible at desired (physiologically functional) pH. Taking the 298 

experiments presented herein as an example, the structures of BSA, and their fragments, are not 299 

known for the non-neutral pH conformation that is required to produce the red luminescence. 300 

Yet we were able to obtain critical functional information of the metal-bound BSA fragments at 301 

the desired pH. This method could therefore be used in supplement to study the interactions of 302 

proteins with metal cations in a facile manner without requiring the protein crystallization.  303 

 304 

Molecular cloning can be technically difficult in some cases, due to low solubility of the product 305 

fragment or low expression in E. coli, and is usually time-consuming6. The facile method based 306 

on the limited proteolysis presented here can complement the molecular cloning approach.  307 



 308 

ACKNOWLEDGMENTS: 309 

S.E. acknowledges support from PhRMA Foundation, Leukemia Research Foundation, and 310 

National Institutes of Health (NIH R15GM129678). 311 

 312 

DISCLOSURES: 313 

The authors have nothing to disclose. 314 

 315 

REFERENCES: 316 

(1) Majorek, K. A. et al. Structural and immunologic characterization of bovine, horse, and 317 

rabbit serum albumins. Molecular Immunology. 52, 174-182 (2012). 318 

(2) Peters Jr., T.: All About Albumin; Academic Press: San Diego (1996). 319 

(3) Peters Jr., T. Serum albumin. Advances in Protein Chemistry. 37, 161-245 (1985). 320 

(4) Dixon, J. M., Egusa, S. Conformational change-induced fluorescence of bovine serum 321 

albumin-gold complexes. Journal of the American Chemical Society. 140, 2265-2271 (2018). 322 

(5) Dixon, J. M., Egusa, S. Kinetics of the fluorophore formation in bovine serum albumin-gold 323 

complexes. The Journal of Physical Chemistry C. 123, 10094-10100 (2019). 324 

(6) Dixon, J. M., Tomida, J., Egusa, S. Identifying the red-luminophore-forming domain in 325 

serum albumin-gold complexes. The Journal of Physical Chemistry Letters. 11, 3345-3349 (2020). 326 

(7) Xie, J., Zheng, Y., Ying, J. Y. Protein-directed synthesis of highly fluorescent gold 327 

nanoclusters. Journal of the American Chemical Society. 131, 888-889 (2009). 328 

(8) Chen, L.-Y., Wang, C.-W., Yuan, Z., Chang, H.-T. Fluorescent gold nanoclusters: Recent 329 

advances in sensing and imaging. Analitycal Chemistry. 87, 216-229 (2015). 330 

(9) Saha, K., Agasti, S. S., Kim, C., Li, X., Rotello, V. M. Gold nanoparticles in chemical and 331 

biological sensing. Chemical Review. 112, 2739-2779 (2012). 332 

(10) Daniel, M. C., Astruc, D. Gold nanoparticles: assembly, supramolecular chemistry, 333 

quantum-size-related properties, and applications toward biology, catalysis, and 334 

nanotechnology. Chemical Review. 104, 293-346 (2004). 335 

(11) Cai, W., Gao, T., Hong, H., Sun, J. Applications of gold nanoparticles in cancer 336 

nanotechnology. Nanotechnology, Science and Applications. 1, 17-32 (2008). 337 

(12) Dorsey, J. F. et al. Gold nanoparticles in radiation research: potential applications for 338 

imaging and radiosensitization. Translational Cancer Research. 2, 280-291 (2013). 339 

(13) Nune, S. K. et al. Nanoparticles for biomedical imaging. Expert Opinion on Drug Delivery. 340 

6, 1175-1194 (2009). 341 

(14) Huang, X., Jain, P. K., El-Sayed, I. H., El-Sayed, M. A. Gold nanoparticles: interesting optical 342 

properties and recent applications in cancer diagnostics and therapy. Nanomedicine (London). 2, 343 

681-693 (2007). 344 

(15) Doane, T. L., Burda, C. The unique role of nanoparticles in nanomedicine: imaging, drug 345 

delivery and therapy. Chemical Society Reviews. 41, 2885-2911 (2012). 346 

(16) Egusa, S., Ebrahem, Q., Mahfouz, R. Z., Saunthararajah, Y. Ligand exchange on gold 347 

nanoparticles for drug delivery and enhanced therapeutic index evaluated in acute myeloid 348 

leukemia models. Experimental Biology and Medicine. 239, 853-861 (2014). 349 



(17) Dupont, C. L., Butcher, A., Valas, R. E., Bourne, P. E., Caetano-Anollés, G. History of 350 

biological metal utilization inferred through phylogenomic analysis of protein structures. 351 

Proceedings of the National Academy of Science. 107, 10567-10572 (2010). 352 

(18) Andreini, C., Bertini, I., Cavallaro, G., Holliday, G. L., Thornton, J. M. Metal ions in biological 353 

catalysis: from enzyme databases to general principles. Journal of Biological Inorganic Chemistry. 354 

13, 1205-1218 (2008). 355 

(19) King, T. P. Limited pepsin digestion of bovine plasma albumin. Archives of Biochemistry 356 

and Biophysiscs. 156, 509-520 (1973). 357 

(20) King, T. P., Spencer, M. Structural studies and organic ligand-binding properties of bovine 358 

plasma albumin. Journal of Biological Chemistry. 245, 6134-6148 (1970). 359 

(21) Reed, R. G., Feldhoff, R. C., Clute, O. L., Peters Jr, T. Fragments of bovine serum albumin 360 

produced by limited proteolysis. Conformation and ligand binding. Biochemistry. 14, 4578-4583 361 

(1975). 362 

(22) Peters Jr, T., Feldhoff, R. C. Fragments of bovine serum albumin produced by limited 363 

proteolysis. Isolation and characterization of tryptic fragments. Biochemistry. 14, 3384-3391 364 

(1975). 365 

(23) Kazanov, M. D. et al. Structural determinants of limited proteolysis. Journal of Proteome 366 

Research. 10, 3642–3651 (2011). 367 

(24) Ortiz, M. L., Calero, M., Fernandez Patron, C., Patron, C. F., Castellanos, L., Mendez, E. 368 

Imidazole-SDS-Zn reverse staining of proteins in gels containing or not SDS and microsequence 369 

of individual unmodified electroblotted proteins. FEBS Letters. 296, 300-304 (1992). 370 

(25) Lee, C., Levin, A., Branton, D. Copper staining: A five-minute protein stain for sodium 371 

dodecyl sulfate-polyacrylamide gels. Analytical Biochemistry. 166, 308-312 (1987). 372 

 373 



 

  

Figure 1 Click here to access/download;Figure;Dixon-Egusa JoVE
2020_0806 figure 1.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1256852&guid=9c673409-1b2d-45aa-985a-97ba3264460f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1256852&guid=9c673409-1b2d-45aa-985a-97ba3264460f&scheme=1


 

 

   

Figure 2 Click here to access/download;Figure;Dixon-Egusa JoVE
2020_0806 figure 2.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1256853&guid=f35e8a3f-198c-4e9d-a4ce-984b207f8412&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1256853&guid=f35e8a3f-198c-4e9d-a4ce-984b207f8412&scheme=1


 

     

   

Figure 3 Click here to access/download;Figure;Dixon-Egusa JoVE
2020_0806 figure 3.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1256854&guid=3bbbba07-0444-467c-91c6-9e4db51d97d2&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1256854&guid=3bbbba07-0444-467c-91c6-9e4db51d97d2&scheme=1


  

 

 
  

Figure 4 Click here to access/download;Figure;Dixon-Egusa JoVE
2020_0806 figure 4.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1256855&guid=f18252ad-6790-4333-b6db-6c18f3347448&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1256855&guid=f18252ad-6790-4333-b6db-6c18f3347448&scheme=1


  

 
 
 

  

Figure 5 Click here to access/download;Figure;Dixon-Egusa JoVE
2020_0806 figure 5.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1256856&guid=1473ebba-3e32-4652-a035-f744c6ff7916&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1256856&guid=1473ebba-3e32-4652-a035-f744c6ff7916&scheme=1


   

     
 

Figure 6 Click here to access/download;Figure;Dixon-Egusa JoVE
2020_0806 figure 6.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1256857&guid=55392089-3392-4c72-9bb2-0cc9cf8c5869&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1256857&guid=55392089-3392-4c72-9bb2-0cc9cf8c5869&scheme=1


Name of Material/ Equipment Company Catalog Number Comments

Ammonium bicarbonate, 99.5% Sigma-Aldrich 9830
Azure Biosystems C400 gel imaging system Azure Biosystems C400
Bovine Serum Albumin (BSA), 96% Sigma-Aldrich A5611

Glycerol, >99.0% Sigma-Aldrich G5516

gold (III) chloride trihydrate, 99.9% Sigma-Aldrich 520918

NuPAGE 4-12% Bis-Tris Mini Protein Gel Thermo Fisher NP0321BOX

NuPAGE MES Running Buffer (20X) Thermo Fisher NP0002

Sodium Chloride (NaCl), >99.5% Sigma-Aldrich S7653

Sodium hydroxide, >98.0% Sigma-Aldrich S8045

Tris Hydrochloride (Tris-HCl) Sigma-Aldrich 10812846001

Trypsin from Bovine Pancreas (>10,000 BAEE units/mg) Sigma-Aldrich T1426
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October 15, 2020 
 
Dr. Nam Nguyen, Manager of Review 
Journal of Visualized Experiments 
 
Dear Dr. Nguyen: 
 
We thank you and the reviewers for the critical reading and comments. With the revisions below, 
I hope the manuscript is ready for publication.  
 
Response to Editorial comments: 
 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 
spelling or grammar issues. Please define all abbreviations at first use. 
 
 We checked for typos. 
 
2. Please rename Short Abstract as Summary, and rephrase the Summary to clearly describe the 
protocol and its applications in complete sentences between 10-50 words: “Here, we present a 
protocol to …” 
 
 We used Summary as the heading, and followed your instructions. 
 
3. For in-text formatting, corresponding reference numbers should appear as numbered 
superscripts after the appropriate statement(s), but before punctuation. 
 
 We corrected the locations of reference numbers in text. 
 
4. JoVE cannot publish manuscripts containing commercial language. This includes trademark 
symbols (™), registered symbols (®), and company names before an instrument or reagent. Please 
remove all commercial language from your manuscript and use generic terms instead. All 
commercial products should be sufficiently referenced in the Table of Materials and Reagents. 
For example: NuPAGE, Azure Biosystems C400, 
 
 We removed the product names from the text, and modified the Materials Table 
accordingly.  
 
5. 3.1: as the disulfide bonds are still intact, do you use any specific method to list expected 
fragments by taking into account 3D conformation? 
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 We added a description: “Examine the amino acid sequence of BSA and…” 
 
6. Lines 201-203: as smearing of the gel bands was observed even with your protocol, please 
comment (as you have done in lines 213-214) what might have happened and how to resolve this 
smearing. 
 
 We modified the description: “The gel band smearing was exacerbated with extended 
digestion times, in the presence of Au(III). The smearing was minimized when the protocol 
described above was used.” 
 
7. Please obtain explicit copyright permission to reuse any figures from a previous publication. 
Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial 
policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial 
Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure 
has been modified from [citation].” [citation] could be just Dixon et al.#. 
 
 We attached the copyright permission from ACS. The figure legend was corrected. 
 
8. Representative Results: lines 273-275: did you try an intermediate duration, e.g. 1 hour and lines 
283-284: did you try adjusting to higher pH just before gel electrophoresis? 
 
 We believe the data presented are sufficient to describe the optimized conditions. 
 
9. As we are a methods journal, please add limitations of the technique to the Discussion. 
 

Thank you for this comment. We added the limitations of this technique: “For gel‐based 
proteomics, a further improvement in the smearing may be necessary.” 

 
10. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., 
LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more 
than 6 authors, list only the first author then et al. Please do not abbreviate journal names. 

 
We corrected and used the specified reference style.  

 
11. Figure 1 looks like a table. Please rename it as Table 1 and refer to it that way. 
 
 We renamed and referred to it as Table 1. 
 
12. Please sort the Materials Table alphabetically by the name of the material. 
 
 We corrected the Materials Table. 
 
 
 
Reviewer #1:  
In this video protocol, Egusa et al. reported the method to identify the Au(III) binding domain in 



serum albumins. Based on their recent papers (JPC Lett. 2020 etc.), they describe the detailed 
protocol on how to determine the red luminophore-forming domain in serum albumin-gold 
complexes using proteolysis. This red luminophore is the origin of metal clusters, although the 
mechanisms of the luminescence of the cluster are not fully understood. Therefore, this study is 
one of the important studies to clarify the origin of cluster formation as well as the basics of 
metal binding to protein. However, the current introduction is relatively narrow and specialized, 
and the protocol is of interest to the limited scientists. This reviewer recommends revising the 
introduction to strengthen the importance of the study, such as metal binding to proteins and 
cluster formation. 
 

We thank the reviewer for the careful reading and positive evaluation. Following the 
reviewer’s suggestion, we added in introduction to strengthen the rationale of this protocol: 
“Identifying the location of Au(III) binding and the luminophore formation in BSA is an 
important step.” 
 
Reviewer #2:  
Manuscript Summary: 
The manuscript describes an experimental protocol suitable for the controlled digestions of of 
proteins while preserving disulfide bonds as well as a protocol to minimize band smearing during 
gel electrophoresis in the presence of protein bound metal ions. These protocols facilitate the 
identification of the metal binding domains of the protein, which can be the interest in the case of 
many metal ion containing enzymes. The methods are demonstrated on the BSA/Au(III) system, 
which have a peculiar red fluorescence. The protocols are described clearly in details, which 
allows the readers to easily reproduce the presented methods. I recommend the publication of the 
manuscript as it. 
 
Major Concerns: 
- 
 
Minor Concerns: 
- 
 

We thank the reviewer for the positive comments. 
 
 
The annotated version is attached for your reference. We look forward to hearing from you soon. 
 

Sincerely, 
 

Shunji Egusa, Ph.D. 
Assistant Professor 
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ARTICLE AND VIDEO LICENSE AGREEMENT 

Title of Article: 

Author(s):  

Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/author) via:      Standard Access       Open Access 

Item 2 (check one box): 

 The Author is NOT a United States government employee. 

 The 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. 

 The 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 LICENSE AGREEMENT 

1. Defined Terms.  As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “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 in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

2. Background.  The Author, who is the author of the 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.  In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article.  In consideration of JoVE agreeing
to publish 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 print, 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 of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above.  The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats.  If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant 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.
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ARTICLE AND VIDEO LICENSE AGREEMENT 

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 giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included.  All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, 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 rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 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 Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In 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. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, 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 she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, 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 Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the 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 Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials 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 institutional,
laboratory, hospital, ethical, human and animal treatment,
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 board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE 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 shall have
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 
 
11.  Indemnification.  The Author agrees to indemnify JoVE 
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein.  The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, 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 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE.  The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors.  All sterilization, cleanliness or 
decontamination procedures 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, acts or omissions of JoVE, its employees, agents or 
independent contractors. 
 
12.  Fees.  To cover the cost incurred for publication, JoVE 
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 Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE.  If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received. 
 
13.  Transfer, Governing Law.  This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees.  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 which 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 means of electronic 
transmission shall be deemed to have the same legal effect as 
delivery of an original signed copy of this Agreement.   

 
A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission. 

 
CORRESPONDING AUTHOR: 

Name:   

Department:   

Institution:  

Article Title:  

Signature:   Date:  
 
Please submit a signed and dated copy of this license by one of the following three methods: 

1) Upload a scanned copy of the document as a pfd on the JoVE submission site; 
2) Fax the document to +1.866.381.2236; 
3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139 

 
For questions, please email submissions@jove.com or call +1.617.945.9051 
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