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 16 
SUMMARY:  17 
ANS binds to the Ca2+-ATPase recombinant N-domain. Fluorescence spectra display a FRET-like 18 
pattern upon excitation at a wavelength of 295 nm. NBS-mediated chemical modification of Trp 19 
quenches the fluorescence of the N-domain, which leads to the absence of energy transfer (FRET) 20 
between the Trp residue and ANS.  21 
 22 
ABSTRACT:  23 
The sarco/endoplasmic reticulum Ca2+-ATPase (SERCA) is a P-type ATPase Ca2+ that has been 24 
crystallized in various conformations. Detailed functional information may nonetheless be 25 
obtained from isolated recombinant domains. The engineered (Trp552Leu and Tyr587Trp) 26 
recombinant nucleotide-binding domain (N-domain) displays fluorescence quenching upon 27 
ligand binding. An extrinsic fluorophore, namely, 8-anilino-1-naphthalene sulfonate (ANS), binds 28 
to the nucleotide-binding site via electrostatic and hydrophobic interactions with Arg, His, Ala, 29 
Leu, and Phe residues. ANS binding is evidenced by the increase in fluorescence intensity when 30 

excited at a wavelength () of 370 nm. However, when excited at  of 295 nm, the increase in 31 
fluorescence intensity seems to be coupled to the quenching of the N-domain intrinsic 32 
fluorescence. Fluorescence spectra display a Föster resonance energy transfer (FRET)-like 33 
pattern, thereby suggesting the presence of a Trp-ANS FRET pair, which appears to be supported 34 
by the short distance (~20 Å) between Tyr587Trp and ANS. This study describes an analysis of the 35 
Trp-ANS FRET pair by Trp chemical modification (and fluorescence quenching) that is mediated 36 
by N-bromosuccinimide (NBS). In the chemically modified N-domain, ANS fluorescence increased 37 

when excited at a  of 295 nm, similar to when excited at a  of 370 nm. Hence, the NBS-mediated 38 
chemical modification of the Trp residue can be used to probe the absence of FRET between Trp 39 
and ANS. In the absence of Trp fluorescence, one should not observe an increase in ANS 40 
fluorescence. The chemical modification of Trp residues in proteins by NBS may be useful for 41 
examining FRET between Trp residues that are close to the bound ANS. This assay will likely also 42 
be useful when using other fluorophores. 43 
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 44 
INTRODUCTION:  45 
Föster resonance energy transfer (FRET) has become a standard technique for determining the 46 
distance between molecular structures after binding or interaction in protein structure and 47 
function studies1–4. In P-type ATPases, FRET has been used to investigate the structure and 48 
function of the sarco-endoplasmic reticulum Ca2+-ATPase (SERCA)2,5–8, e. g., structural 49 
fluctuations during the catalytic cycle have been analyzed in the whole protein by FRET7.  50 
 51 
FRET donors are diverse, and range from small fluorescent (extrinsic) molecules to fluorescent 52 
proteins9,10. Tryptophan (Trp) residues (due to their fluorescence) are useful for identifying 53 
structural changes in protein amino acid sequences11,12. The fluorescence intensity of Trp 54 
depends substantially on the polarity of its surrounding environment13,14. Therefore, ligand 55 
binding usually generates structural rearrangements in proteins/enzymes15,16. If Trp is present at 56 
or located close to the protein binding site, structural fluctuations frequently affect the degree 57 
of Trp exposure to aqueous media13,14; thus, the change in polarity results in quenching of the 58 
Trp fluorescence intensity13,14. Hence, the fluorescent property of Trp is useful for performing 59 
ligand binding studies for enzymes. Other physical phenomena may also lead to Trp fluorescence 60 
quenching17–20, e. g., FRET and changes in medium polarity. Energy transfer from the excited state 61 
of Trp to a fluorophore also has potential applications, e. g., affinity determination of small 62 
ligands in proteins21. Indeed, Trp has been primarily used as a fluorescence donor in FRET studies 63 
in proteins22–24, e. g., in terbium (Tb3+) FRET studies, a Trp residue is used frequently as an antenna 64 
for energy transfer to Tb3+ 25–27. Trp displays various advantages over other FRET donors due to 65 
its inherent constitutive character in the protein structure, which eliminates the need for 66 
preparative processes that may affect the function/structure of the studied protein24. Thus, the 67 
identification of radiative decays (energy transfer and changes in the medium polarity that are 68 
induced by protein structural rearrangements) is important for drawing accurate conclusions 69 
regarding ligand binding in protein structural studies13,14,19,28. 70 
 71 
In protein structural studies, an extrinsic fluorophore, namely, 8-anilino-1-naphthalene sulfonate 72 
(ANS), has been primarily used in experiments related to protein folding/unfolding28,29. ANS binds 73 
to proteins/enzymes in the native state, usually in the binding sites of substrates31–33; an increase 74 
in ANS fluorescence quantum yield (ΦF) (namely, an increase in fluorescence intensity) is induced 75 

by exciting the protein at =370 nm when suitable interactions of ANS with Arg and His residues 76 

in hydrophobic pockets occur34–37. In various studies, the occurrence of FRET (when exciting at  77 
within 280–295 nm) between Trp residues (donors) and ANS (acceptor) has been reported, which 78 
is based on the following: 1) overlap of the fluorescence emission spectrum of Trp and excitation 79 
spectrum of ANS, 2) identification of a suitable distance between one or more Trp residue(s) and 80 
ANS for energy transfer, 3) high ANS quantum yield when bound in protein pockets, and 4) 81 
characteristic FRET pattern in the fluorescence spectra of the protein in the presence of 82 
ANS3,17,27,37,38. 83 
 84 
Recently, ligand binding to the nucleotide-binding domain (N-domain) in SERCA and other P-type 85 
ATPases have been investigated using engineered recombinant N-domains40–46. Molecular 86 
engineering of the SERCA N-domain has been used to move the sole Trp residue (Trp552Leu) to 87 



   

a more dynamic structure (Tyr587Trp) that is close to the nucleotide-binding site, where 88 
fluorescence variations (quenching) may be used to monitor structural changes upon ligand 89 
binding34. Experimental results have demonstrated that ANS binds (as ATP) to the nucleotide-90 
binding site in the purified recombinant SERCA N-domain34. Interestingly, the ANS fluorescence 91 

increases upon binding to the N-domain upon excitation at a  of 295 nm, while the intrinsic 92 
fluorescence of the N-domain decreases34, thereby producing a FRET pattern that suggests the 93 
formation of a Trp-ANS FRET pair. 94 
 95 
The use of NBS has been proposed to determine the content of Trp residues in proteins47 by 96 
absorbance assay of modified proteins. NBS modifies the highly absorbing indole group of Trp to 97 
the less absorbent oxindole47, 48. This results in the loss (quenching) of the Trp fluorescent 98 
property40. Hence, NBS-mediated chemical modification of Trp residues may be used as an assay 99 
to define the role of Trp (as a donor) when FRET is hypothesized. 100 
 101 
This protocol describes the chemical modification of the sole Trp residue by NBS in the 102 
engineered recombinant N-domain of SERCA as a protein model. Experimental results 103 
demonstrate that the ANS fluorescence intensity still increases in the chemically NBS-modified 104 
N-domain34, which lacks intrinsic fluorescence. Therefore, the assay is useful for demonstrating 105 
the absence of FRET between the Trp residue and ANS when bound to the N-domain34, 40, 49. 106 
Hence, this assay (NBS chemical modification of Trp) is useful in proving the presence of the Trp–107 
ANS FRET pair in proteins. 108 
 109 
PROTOCOL:  110 
 111 
1. Determination (in silico) of the ANS and SERCA N-domain interaction 112 
 113 
1.1. Generate a three-dimensional (3D) structure of the protein (SERCA N-domain) by molecular 114 
modeling using the preferred protein modeling software50. 115 
 116 
1.2. Identify the amino acid residues that form the nucleotide-binding site using the preferred 117 
molecular structure software51, and determine the presence of Arg and Lys residues35; these are 118 
required for ANS binding and to increase the fluorescence intensity (quantum yield). 119 
 120 
1.3. Perform molecular docking (using the preferred docking software)52–54 to determine the 121 
interactions of ATP, fluorescein isothiocyanate (FITC) (which forms a covalent bond with Lys515 122 
labeling the nucleotide-binding site), and ANS with amino acids residues in the nucleotide-123 
binding site (Figure 1). 124 
 125 
1.4. Calculate the molecular distance (Å) between Trp residue and bound ANS using the 126 
measurement tool in the preferred software.  127 
 128 
1.5. Perform molecular dynamics simulation of ANS-N-domain complex to determine the stability 129 
of the interaction52,54. Then, perform the in vitro experiments when the stability of the complex 130 
has been confirmed. 131 



   

 132 
2. Expression and purification of the recombinant N-domain 133 
 134 
2.1. Synthesize the gene coding for N-domain40. 135 
 136 
2.2. Design and construct the plasmid that contains the synthetic gene that codes for the N-137 
domain40. 138 
 139 
2.3. Express and purify by affinity chromatography (Ni-NTA), the engineered recombinant N-140 
domain. Perform an SDS-PAGE of the purified protein to determine the purity (Figure 2)40. 141 
 142 

2.4. Determine the protein concentration by studying the absorbance at  of 280 nm with the N-143 
domain extinction coefficient (ε= 11,960 M−1·cm−1)40. 144 
 145 
3. Monito the formation of the ANS-N-domain complex based on ANS and N-domain 146 
fluorescence intensity changes. 147 
 148 
3.1. Prepare an ANS stock solution in N,N-dimethylformamide. 149 
 150 
3.1.1. Weigh a small amount (1-5 mg) of ANS, and dissolve it in 1 mL of the final volume of N,N-151 
dimethylformamide, e. g., 3.2 mg (10.69 mM final concentration). 152 
 153 
3.1.2. Prepare a 100 μM ANS aqueous stock solution using the ANS solution in N,N-154 
dimethylformamide, e. g., add 9.4 μL of the 10.69 mM ANS solution to 990.6 μL of 50 mM 155 
phosphate buffer with pH 8.0 to obtain a final volume of 1 mL. 156 
 157 
3.1.3. Mix the solutions by vortexing 3 - 5 times for 15 s. 158 
 159 
NOTE: In the following experiment, use only the ANS aqueous stock solution. Freshly prepare the 160 
ANS aqueous stock solution before initiating the experiments. 161 
 162 
3.2. Prepare the NBS stock solution in N,N-dimethylformamide. 163 
 164 
3.2.1. Weigh a small amount (1-5 mg) of NBS, and dissolve it in 1 mL of N,N-dimethylformamide, 165 
e. g., 5.3 mg in 1 mL (29.78 mM final concentration). 166 
 167 
3.2.2. Prepare a 1 mM NBS aqueous stock solution using the NBS solution in N,N-168 
dimethylformamide, e. g., add 3.36 μL of the 29.78 mM NBS solution to 96.64 μL of 50 mM 169 
phosphate buffer with pH 8.0 to obtain a final volume 0.1 mL. 170 
 171 
3.2.3. Mix the solutions by vortexing 3 - 5 times for 15 s. 172 
 173 
NOTE: Freshly prepare the NBS aqueous stock solution before starting the experiments. 174 
 175 



   

3.3. Titrate the N-domain with ANS, and record the fluorescence spectra by excitation at =295 176 
nm at 25 °C. 177 
 178 
3.3.1. Obtain the fluorescence spectrum baseline. 179 
 180 
3.3.1.1. Place 1 mL of 50 mM phosphate buffer with pH 8.0 in a 1 mL fluorescence quartz cuvette. 181 
 182 
3.3.1.2. Position the cell in the thermo-stated cell chamber (25 °C) of the spectrofluorometer and 183 

set the excitation to 295 nm.  184 
 185 
3.3.1.3. Record the fluorescence spectrum (305 - 550 nm). 186 
 187 
NOTE: The fluorescence spectrum of the 50 mM phosphate buffer with pH 8.0, which serves as 188 
the blank sample, is subtracted from all obtained fluorescence spectra. 189 
 190 
3.3.2. Obtain the intrinsic fluorescence spectrum of the N-domain. 191 
 192 
3.3.2.1. Place 900 μL of 50 mM phosphate buffer with pH 8.0 in a fluorescence quartz cuvette. 193 
 194 

3.3.2.2. Add 100 μL of N-domain (10 M) suspension to obtain a 1 M N-domain final 195 
concentration in a 1 mL final volume. 196 
 197 

3.3.2.3. Gently homogenize using a micropipette 20 times to ensure the homogeneity of the 198 
solution. 199 
 200 
NOTE: The protein should be freshly purified to obtain high-quality intrinsic fluorescence spectra, 201 
e. g., the purified recombinant N-domain may only be used for a week after purification. 202 
 203 
3.3.2.4. Position the cell in the thermo-stated cell chamber (25 °C) of the spectrofluorometer and 204 

set the excitation to 295 nm.  205 
 206 
3.3.2.5 Record the N-domain intrinsic fluorescence spectrum (305–550 nm).  207 
 208 

3.3.3. Add ANS, and obtain the fluorescence spectrum by excitationat =295 nm. 209 
 210 
3.3.3.1. Add a 2 μL aliquot of 100 μM ANS aqueous stock solution to the suspended N-domain (1 211 

M) to obtain a 0.2 μM ANS final concentration. 212 
 213 

3.3.3.2. Gently homogenize using a micropipette 20 times to ensure the homogeneity of the 214 
solution. 215 
 216 
3.3.3.3. Position the cell in the thermo-stable cell chamber (25 °C) of the spectrofluorometer and 217 

set the excitation to 295 nm.  218 



   

 219 
3.3.3.4. Record the fluorescence spectrum (305–550 nm).  220 
 221 
3.3.3.5. Repeat the ANS additions and fluorescence spectra recording above 1:1 molar 222 
relationship ANS:N-domain. 223 
 224 
3.3.3.6 Subtract the blank spectrum from each spectrum using suitable software. 225 
 226 
3.3.3.7. Plot all the spectra in a single graph. 227 
 228 
3.3.3.8. Determine whether the spectra form a FRET-like pattern. The ANS-N-domain 229 
fluorescence spectra form a FRET-like pattern (Figure 3A). 230 
 231 
4. N-domain intrinsic fluorescence titration by Trp chemical modification with NBS. 232 
 233 
4.1. Repeat steps 3.3.1 and 3.3.2. 234 
 235 

4.2. Add a 1 μL aliquot of 1 mM NBS aqueous stock solution to the suspended N-domain (1 M) 236 
to obtain a final concentration of 1 μM NBS. 237 
 238 

4.3. Gently homogenize by using a micropipette 20 times to ensure the homogeneity of the 239 
solution. 240 
 241 
4.4. Position the cell in the thermo-stable cell chamber (25 °C) of the spectrofluorometer and set 242 

the excitation  to 295 nm.  243 
 244 
4.5. Record the fluorescence spectrum (305–550 nm) (Figure 3B). 245 
 246 
4.6. Repeat the NBS addition and fluorescence spectra recording until minimal N-domain intrinsic 247 

fluorescence quenching is observed40. In the N-domain, this usually occurs at a molar ratio of 5–248 
6 NBS/N-domain40. 249 
 250 
NOTE: NBS rapidly quenches (<5 s) the intrinsic fluorescence of the N-domain; a decrease in 251 
fluorescence intensity is observed. Proceed immediately to the next step, as NBS may also react 252 
with other amino acid residues47. 253 
 254 
4.7. Subtract the blank spectrum from each spectrum using suitable software. 255 
 256 
4.8. Plot all spectra in a single graph (Figure 3B). 257 
 258 
5. Titrate the NBS-modified N-domain with ANS by recording fluorescence spectra at 25 °C. 259 
 260 
5.1. Perform Step 3.3.3 using the NBS modified N-domain that was generated in Step 4. 261 
 262 



   

5.2. Subtract the blank spectrum from each spectrum using suitable software. 263 
 264 
5.3. Plot all spectra in a single graph (Figure 3C). 265 
 266 
5.4. The generated fluorescence spectra (Figure 3C) support or refute the occurrence of FRET, 267 
i.e.,  when FRET occurs, the ANS fluorescence does not increase and vice-versa. 268 
 269 

6. Evidence of ANS binding to the chemically modified N-domain by excitation at 370 nm.  270 
 271 
6.1. Perform Step 3.3.3 using the NBS modified N-domain that was generated in Step 4 but 272 

changing the excitation to 370 nm. 273 
 274 
6.2. Subtract the blank spectrum from each spectrum using suitable software. 275 

 276 
6.3. Plot all spectra in a single graph (Figure 3D). 277 
 278 
6.4. Confirm ANS binding to the N-domain by observing the increase in ANS fluorescence 279 

intensity. ANS binding to the N-domain shows a fluorescence increase when excited at 370 nm 280 
(Figure 3D). As a control, the fluorescence spectrum of ANS (alone) in 50 mM phosphate buffer 281 

with pH 8.0 was obtained exciting at  of 295 and 370 nm (Figure 4, not shown in video). 282 
 283 
NOTE: The stoichiometric relationship of NBS:Trp that is required for chemical modification 284 
depends on the degree of burying of the Trp residue(s) in the protein under study46,47,55,56. 285 
Therefore, it is recommended to determine the NBS:protein/(Trp) molar ratio, beforehand. 286 
 287 
REPRESENTATIVE RESULTS:  288 
Molecular docking shows the binding of ANS to the nucleotide-binding site of the N-domain via 289 

electrostatic as well as hydrophobic interactions (Figure 1). Molecular distance (20 Å) between 290 
the Trp residue and ANS (bound to the nucleotide-binding site) supports the occurrence of FRET 291 
(Figure 1). The designed (engineered) recombinant N-domain was obtained at high purity by 292 
affinity chromatography (Figure 2) and was suitable for fluorescence experiments. Fluorescence 293 

spectra of the ANS-N-domain complex displayed a FRET-like pattern upon excitation at =295 nm 294 
(Figure 3A). Chemical modification of the Trp residue by NBS led to quenching of the intrinsic 295 
fluorescence of the N-domain (Figure 3B). In the chemically NBS-modified N-domain, the 296 

experimental results demonstrate that ANS fluorescence increased upon excitation at =295 nm 297 
(Figure 3C), similar to that observed in the nonmodified N-domain (Figure 3A). Therefore, direct 298 

excitation of ANS at 295 nm provides the most energy for ANS fluorescence (Figure 3C), as 299 
suggested previously28. ANS binding to the chemically modified N-domain is evidenced by an 300 

increase in its fluorescence when excited at =370 nm (Figure 3D). Therefore, FRET does not 301 
occur between the Trp residue and ANS that is bound to the nucleotide-binding site. 302 
 303 
FIGURE AND TABLE LEGENDS:  304 
Figure 1: Molecular docking of ANS to the nucleotide-binding site of the Ca2+-ATPase N-domain. 305 



   

ANS molecular docking was performed using AutoDock Vina software (http://vina.scripps.edu/) 306 
and a generated 3D model of the N-domain40. The engineered N-domain contains mutations 307 
Trp552Leu and Tyr587Trp (shown in blue). Amino acid residues that form the nucleotide-binding 308 
site are represented as balls and sticks and highlighted in orange. This figure has been modified 309 
with permission from Springer Nature: Springer, Journal of Fluorescence. Copyright (2020)34. 310 
 311 
Figure 2: SDS−PAGE of the engineered recombinant Ca2+-ATPase N-domain. The N-domain was 312 
subjected to affinity purification using a chromatographic column. Fractions that corresponded 313 

to absorption (at =280 nm) peaks were subjected to SDS−PAGE and visualized by Coomassie 314 

blue staining. The 30 kDa His-tagged N-domain is formed by 27 kDa of N-domain Ca2+-ATPase 315 
and 3 kDa of poly-His tag. The Ca2+-ATPase N- domain purity was determined to be ≥95% by 316 
densitometry using the ImageJ software (https://imagej.nih.gov/ij/download.html). 317 
 318 
Figure 3: NBS-mediated chemical modification of the Trp residue in the N-domain disproves 319 
FRET between Trp and ANS that is bound to the nucleotide-binding site. A. FRET pattern of the 320 

ANS–N-domain complex upon excitation at 295 nm. ANS was added (final concentration in 321 
μM: Spectra a, 0; b, 0.2; c, 0.4; d, 0.6; e, 0.8; f, 1.0; g, 1.2; and h, 1.4) to the suspended N-domain 322 

(1 μM). B. Fluorescence quenching of the N-domain by NBS (NBS concentration in M: a, 0; b, 1; 323 
c, 2; d, 3; e, 4; and f, 6). NBS mediates chemical modification of the Trp residue. N-domain intrinsic 324 

fluorescence was observed upon excitation at 295 nm. C. Fluorescence spectra of ANS that is 325 

bound to the chemically modified N-domain upon excitation at 295 nm. The experimental 326 
conditions are as in A. Figures A, B, and C have been modified with permission from Springer 327 
Nature: Springer, Journal of Fluorescence. Copyright (2020) 34. D. Fluorescence spectra of ANS 328 

that is bound to the chemically modified N-domain upon excitation at 370 nm. The N-domain 329 
was suspended in 1 ml of 50 mM phosphate buffer (pH 8.0) and aliquots of NBS, and ANS was 330 
added accordingly, as described in A (ANS) and B (NBS). 331 
 332 

Figure 4: ANS fluorescence spectra. ANS (1.4 M) in 50 mM phosphate buffer with pH 8.0 was 333 

excited at  of 295 and 370 nm; the spectra are presented in black and blue, respectively. 334 
 335 
DISCUSSION:  336 
Fluorescence spectra of the ANS-N-domain complex display a FRET-like pattern when excited at 337 

a  of 295 nm, while the molecular distance (20 Å) between the Trp residue and ANS seems to 338 
support the occurrence of FRET (Figure 1). Trp chemical modification by NBS results in a less 339 
fluorescent N-domain (Figure 3B, Spectrum f); hence, energy transfer is not possible. The ANS 340 

fluorescence spectra are similar to that of the nonmodified N-domain when excited at a  of 295 341 
nm (Figure 3A and C).  342 
 343 

Therefore, direct excitation of ANS at a  of 295 nm is the main source of ANS fluorescence when 344 
it is bound to the ATP binding site (Figure 3C), which is in agreement with the mechanism that 345 
was proposed by other authors28. Therefore, FRET from the Trp residue to bound ANS does not 346 
occur in the N-domain-ANS complex. Nonetheless, NBS-mediated chemical modification of Trp 347 
residues in other proteins supports FRET between Trp and ANS, e. g., in the enzymes xylose 348 



   

reductase from Neurospora crassa49, the -subunit of F1-ATPase from yeast mitochondria58, and 349 
thermolysin59. 350 
 351 
The assay would perform well in proteins/enzymes with hydrophobic pockets (binding sites) that 352 
contain His and Arg residues, as these contribute to the stabilization of the ANS interaction. 353 
Additionally, such proteins should ideally contain a sole Trp residue that is located at the protein 354 
surface, namely, accessible for rapid reaction with NBS40, 41, 49. 355 
 356 
Alternatively, to analyze the Trp-ANS FRET pair in proteins, chemical modification of His residues 357 
by acetylation and succinylation may be used to hamper the ANS interaction in the 358 
protein/enzyme binding site60. Deletion of the Trp residue by mutation is another strategy for 359 
analyzing FRET. However, this might be time-consuming, and the constructs may exhibit 360 
structural differences, thereby affecting ligand binding61. Similarly, mutation of Arg and His 361 
residues at the ligand-binding site may generate unforeseen structural changes, thereby 362 
rendering the mutated protein unsuitable for experiments62. 363 
 364 
With regards to the Trp residue, the performance of the NBS-chemical modification assay would 365 
be limited in the following cases: 1) if the Trp residue is buried deeply at the core of a well folded 366 
and compact protein; since the NBS moiety would be unable to access the Trp residue due to the 367 
absence of large cavities41,48,63, 2) if Trp residues is located in a membrane-embedded structures 368 

(transmembrane -helix), as the aqueous character of NBS will prevent it from entering the 369 
hydrophobic medium32,56,64, 3) if the protein structure contains multiple Trp residues; as the 370 
variations in accessibility and physicochemical environment may be large, thereby rendering 371 
difficult the assignment of a fluorescence signal change to a Trp residue32,41,56, 4) if ANS binding 372 
to proteins is due mainly to hydrophobic interaction, as the ANS fluorescence increase is due 373 
mainly to electrostatic interactions32,65–67, and e) if static quenching of Trp occurs, e. g., in the 374 
presence of oxygen68. 375 
 376 
NBS mediated chemical modification of Trp residues appears to be a rapid and easy assay for 377 
studying FRET between Trp and ANS that is bound to proteins/enzymes. Other Trp-modifying 378 
reagents may be used instead of NBS, e. g., hydroxy-5-nitrobenzyl bromide (HNB)69,70. Finally, the 379 
assay may be applicable to the detection of proposed FRET pairs of Trp with other flurophores21.  380 
 381 
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professional copyediting service (ACS authoring services) was 
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presented.  
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on the goal of the protocol presented. 

A3: The pump function is the objective of current study? Please 
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study. 
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A6: Is the modification mediated by NBS or is it in the NBS domain. 
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(lines 39-40).   



A7: How is this probed? This needs clarity. 

Re: To clarify, it was included the following sentence (lines 40-

41): i.e. in the absence of Trp fluorescence no increase in ANS 
fluorescence should be observed. 

A8: Like? 

Re: An example is provided as follows (lines 62-63) e.g., affinity 
determination of small ligands in proteins. 

A9: Please introduce this as well before taking about energy transfer. 

Re: Done, please see the inclusion in line 61. 

A10: What kind? 

Re: The kind of conclusion now is stated in lines 70-71 as 

follows: for drawing accurate conclusions regarding ligand 
binding in protein structural studies. 

A11: Please expand during the first time use. 

Re: complete description of the acronym ANS now is included at 

first time of appearance (lines 73-74). 

A12: How does proper distance relate to tryp binding. Please clarify.  

Re: The sentence refers to proper distance for energy transfer 

not for ANS binding. To clarify the above the sentence was 
rewrite as follows (line 82-83): 

2) the identification of a proper distance between Trp 
residue(s) and ANS for energy transfer, 

A13: So protein pockets contain Tryp and not the aqueous solution?  

Re: Clarification is provided by stating that ANS displays high 
quantum yield when bound to proteins as follows (line 83): 

3) the high ANS quantum yield when bound in protein 

pockets, 

A14: How does this related to Tryp? In line 77 you said that ANS 

interacts with Arg and His. 



Re: The statement described in line 77 about ANS interaction 

with Arg and His residues as the source of ANS fluorescence is 
maintained. Hence part of the sentence was deleted to avoid 

confusion about the role of Trp on ANS fluorescence at this 
stage. The deleted sentence was the following: 

“the intrinsic fluorescence intensity of protein decreases, 

while the fluorescence intensity of ANS increases” 

A15: Please explain this with respect the tryp position. 

Re: Explanation is provided by including the words “(as ATP)” in 

line 92. That is, ANS binds similarly as ATP, hence the distance 
to Trp and more important the structural movements induced 

(is) are the same regardless of the bound ligand (ATP or ANS). 

A16: Please make the narration and the text more homogenous. 

There can be steps in. 

Re: Now, the narration in the video and the text in manuscript 
are more homogeneous. 

A17: Please italicize in silico in the video. 

Re: Now in the video in silico is italicized. 

A18: How is this done? 

Re: Now it is described how it is done, as follows (lines 128-

129): 

1.4. Calculate the molecular distance (Å) between Trp 
residue and bound ANS using the measurement tool in the 

preferred software. 

A19: Something is not right here. Please check. 

Re: missing letters were corrected. 

A20: In the video please use the term “obtain” instead. 

Re: The term obtain now is used in the video. 

A21: Please check. 



Re: same as in A19. 

A22: Please check. 

Re: same as in A19. 

A23: Please include the actual permission obtained with the revision 
and upload it as supplementary file. 

Re: The obtained permission now is included as supplementary 

file. 

A24: This part needs to be in the introduction to clarify the rationale. 

Re: The paragraph was moved to the introduction section and 

combined with the last two paragraphs to clarify the rationale as 
suggested (lines 98-102). 
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