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Size and ζ-potential of AuNPs 

Figure S1. ζ-potential and dynamic light scattering (DLS) diameter of (a) Arg-NPs and (b) COOH-NPs, 
measured at 5 mM PB, and 5 mM PB (NaCl, 150 mM), pH 7.4. Each nanoparticle solution was prepared to 
final concentrations of 0.1 μM. 

Protein Sequences

wtGFP Sequence:

MRGSHHHHHHGSMASKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWP
TLVTTFSYGVQCFSRYPDHMKRHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFK
EDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLST
QSALSKDPNEKRDHMVLLEFVTAAGITHGMDEYK

-30GFP Sequence

MGHHHHHHGGASKGEELFDGVVPILVELDGDVNGHEFSVRGEGEGDATEGELTLKFICTTGELPVPWPTLV
TTLTYGVQCFSDYPDHMDQHDFFKSAMPEGYVQERTISFKDDGTYKTRAEVKFEGDTLVNRIELKGIDFKED
GNILGHKLEYNFNSHDVYITADKQENGIKAEFEIRHNVEDGSVQLADHYQQNTPIGDGPVLLPDDHYLSTESA
LSKDPNEDRDHMVLLEFVTAAGIDHGMDELYK

+15GFP sequence with Thrombin cleavage site: 

MRGSGHHHHHHGSLVPRGSGGASKGERLFTGVVPILVELDGDVNGHKFSVRGEGEGDATRGKLTLKFICTT
GKLPVPWPTLVTTLTYGVQCFSRYPKHMKRHDFFKSAMPEGYVQERTISFKKDGTYKTRAEVKFEGRTLVNRI
ELKGRDFKEKGNILGHKLEYNFNSHNVYITADKRKNGIKANFKIRHNVKDGSVQLADHYQQNTPIGRGPVLLP
RNHYLSTRSALSKDPKEKRDHMVLLEFVTAAGITHGMDELYK

+36GFP sequence with Thrombin cleavage site: 

MRGSHHHHHHGSLVPRGSGGASKGERLFRGKVPILVELKGDVNGHKFSVRGKGKGDATRGKLTLKFICTTG
KLPVPWPTLVTTLTYGVQCFSRYPKHMKRHDFFKSAMPKGYVQERTISFKKDGKYKTRAEVKFEGRTLVNRIK
LKGRDFKEKGNILGHKLRYNFNSHKVYITADKRKNGIKAKFKIRHNVKDGSVQLADHYQQNTPIGRGPVLLPR
NHYLSTRSKLSKDPKEKRDHMVLLEFVTAAGIKHGRDERYK
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Radial distribution functions of AuNPs at varied ionic strength

Figure S2. - Radial distribution functions of (a.) Arg-NPs and (b.) COOH-NPs from 100 ns MD simulations 
including explicit water at 0 mM and Na+/Cl- ions to simulate ionic strength conditions (IOS) at 0 mM, 50 
mM, 100 mM and 200 mM, respectively. 
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Size determination of GFP: NPs assemblies

Figure S3: To study the formation of assemblies by DLS, 1 mL of stock solutions containing each GFP 
mutant, -30GFP (a), +36GFP (b), and +15GFP (c) at 100 nM in PB (5 mM) and PB with NaCl (200 mM) were 
prepared. 0.5 mL of each solutions were added into 0.5 mL solutions of the corresponding NP (COOH-NP 
and Arg-NP) solution, previously dissolved in the same buffer conditions to form the assemblies. Subscript 
represents technical replicates. Protein: NP ratios used were those necessary to bind all protein in 
solution, in accordance with titration experiments (-30GFP: Arg-NP equal to 1:4, +36GFP: COOH-NP and 
+15GFP: COOH-NP equal to 1:1). The mixture was let to stabilize for at least 10 min. before performing 
DLS analyses. Size determinations of these assemblies were based on number. These results demonstrate 
the formation of discrete assemblies between each supercharged GFP and its complementary NP. 
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Size determination of GFP: (excess) NPs

Figure S4: To study the formation of assemblies in an excess of NPs using DLS, 1 mL of stock solutions 
containing each GFP mutant, -30GFP (a), +36GFP (b), and +15GFP (c) at 100 nM in PB (5 mM) and PB with 
NaCl (200 mM) were prepared. 0.5 mL of each solution was added into 0.5 mL solutions of the 
corresponding NP (COOH-NP or Arg-NP) solution, previously dissolved in the same buffer conditions to 
form the assemblies. Protein: NP ratios used were the necessary amount to bind all protein in solution, in 
accordance with titration experiments (+30GFP: ArgNP equal to 1:6, -36GFP: COOHNP and -15GFP: COOH-
NP equal to 1:4). The mixture was let to stabilize for 10 min before analysis. Size determinations of this 
assemblies were based on number. These results demonstrate the formation of discrete assemblies 
between supercharged GFPs and the complementary NPs even in the presence of excess NPs. Excess NPs 
were observed in DLS as a second population of free NPs.
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Binding constants of -30GFP: Arg-NPs at varied temperature

Table S1: Binding constant values derived from fluorescence titrations between Arg-NPs and -30GFP (50 
nM), performed parametrically at varying temperature (22-37°C) and salt concentrations (NaCl, 0-200 
mM) in 5 mM phosphate buffer.
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Titration of -30GFP with Arg-NPs at varied temperature

 

Figure S5: Fluorescence titrations between Arg-NPs and -30GFPs (50 nM) in 5 mM phosphate buffer and 
in 150 mM NaCl containing 5 mM phosphate buffer (pH 7.4) at (a) 22°C, (b) 28°C, (c) 31°C and (d) 34°C. 
The complex binding constant (Kb) was determined using previously reported method.
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Binding constants of +36GFP: COOH-NPs at varied temperature

Table S2: Binding constant values derived from fluorescence titrations between COOH-NPs and +36GFP 
(50 nM), performed parametrically at varying temperature (22-37°C) and salt concentrations (NaCl, 0-
200 mM) in 5 mM phosphate buffer.
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Titrations of -7GFP (wtGFP) with Arg-NPs at varied ionic strength

Figure S6: Fluorescence titrations between Arg-NPs and wtGFP (100 nM) in 5 mM phosphate buffer and 
in 150 mM NaCl containing 5 mM phosphate buffer (pH 7.4) at 25°C. Complex binding constant (Kb) was 
determined using previously reported method.

Titrations of +36GFP with COOH-NPs at varied temperatures and ionic strength

Figure S7: Fluorescence titrations between COOH-NPs and +36GFPs (100 nM) in 5 mM phosphate buffer 
and in 150 mM NaCl containing 5 mM phosphate buffer (pH 7.4) at (a) 22°C, (b) 28°C, (c) 31°C and (d) 
34°C. The complex binding constant (Kb) was determined using previously reported method.
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Binding constant of +15GFP and COOH-NPs

Table S3: Binding constant values derived from fluorescence titrations between COOH-NPs and +15GFP 
(100 nM), performed parametrically at varying temperature (22-37°C) and salt concentrations (NaCl, 0-
200 mM) in 5 mM phosphate buffer.
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Titrations of +15GFP with COOH-NPs at varied temperatures and ionic strength

 Figure S8: Fluorescence titrations between COOH-NPs and +15GFPs (100 nM) in 5 mM phosphate buffer 
and in 150 mM NaCl containing 5 mM phosphate buffer (pH 7.4) at (a) 22°C, (b) 25°C, (c) 28°C, (d) 31°C (e) 
34°C and (f) 37°C. Complex binding constant (Kb) was determined using a previously reported method.
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Cumulative number of counterions within AuNP monolayers

Figure S9: Cumulative number RDF (Radial Distribution Function) from MD, corresponding to the 
average number of Cl- (or Na+) ions within a distance r from the center-of-mass of gold core. The NPs 
monolayer was approximated with the radius of gyration of Arg-NP (r= 2.5 nm) and COO-NP (r= 2 nm), 
respectively. Results were obtained from 200 ns MD trajectories of Arg-NP and COOH-NP in water.
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Computational model of +36GFP and wtGFP with COOH-NP 

 Figure S10: Representative structure of the most populated complexes of +36GFP on anionic gold 
nanocluster Au144[L60]-60 [L=S(CH2)9(OC2H4)4COO-] at different ionic strengths, obtained from BD 
simulation. The relative population of the selected clusters is reported in percentage. The protein residues 
contacting the nanoparticle at the short distances (less than 3.5 Å) are reported with different color, 
indicating neutral residues (black), positively charged residues (blue) and negatively charged residues 
(red). The protein backbone is shown in cartoon representation. The ligand and the gold nanoparticle are 
shown in Van der Waals representation. Below: Representative structure of the most populated 
complexes of wtGFP on anionic gold nanocluster Au144[L60]-60 at different ionic strengths, obtained from 
BD simulation.
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Docking results of +36GFP and wtGFP with COOH-NP

Table S4: Summarized docking results of +36GFP: COOH-NP and wtGFP: COOH-NP interaction at varied 
ionic strength (IS); these represent the most populated complexes, which are ranked by size. (a) Relative 
population of the cluster (b) URepr: total interaction energy of the representative of the given cluster, in kT 
with T= 300K (c) UEP: total electrostatic energy of the representative complex, in kT (d) Ue

ds: electrostatic 
desolvation energy of the representative complex, in kT (e) Uh

ds: non-polar (hydrophobic) desolvation 
energy of the representative complex, in kT (f) RMSD of the structures within the cluster with respect to 
the representative complex.


