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I. Materials and Methods
Materials
[bookmark: _Hlk205132603]The chain transfer agent: 2-[[(2-Carboxyethyl)sulfanylthiocarbonyl]-sulfanyl]propanoic acid  (CTA, Sigma-Aldrich, 99%), acrylamide (A, Sigma-Aldrich, 99%), dimethyl sulfoxide (Thermo, 99.7%), N,N-dimethylformamide (DMF, Fischer, 99.8%), 4,4´-azobis(4-cyanovaleric acid) (ACVA, Sigma-Aldrich, 98%), and isopropyl β-D-1-thiogalactopyranoside (IPTG, Sigma-Aldrich) were used as received. Isobutylacrylate (I, TCI, 99%), 2-hydroxyethylacrylate (H, Thermo, 97%), 2-(dimethylamino)ethylacrylate (D, TCI, 98%), acrylic acid (Ac, Sigma-Aldrich, 99%), 2-carboxyethylacrylate (C, Sigma-Aldrich, 99%), 2-(trimethylammonium)ethylacrylate chloride (T, Sigma-Aldrich, 80% in water) were passed through a short column of basic alumina (Honeywell Fluka) prior to use. Ultrapure water was sourced from a Milli-Q water filtration station (18.2 ΩM cm−1). DNA encoding the green fluorescent protein (GFP) was purchased from Integrated DNA Technologies, Inc. Gibson assembly kit was purchased from New England Biolabs, Inc. Chemically competent DH5- E. coli cells were purchased from Invitrogen. TOP10(DE3) E. coli cells were purchased from Invitrogen. All buffers were purchased from Fisher Scientific and used as received.

Oligomer synthesis
Random hetero oligomers (RHO) were synthesized via reversible addition-fragmentation chain transfer polymerization. In a representative procedure, a 2-dram vial was charged with CTA (42.4 mg, 0.167 mmol, 1 eq), D (101 μL, 0.667 mmol, 4 eq), H (141 μL, 1.33 mmol, 8 eq), A (71.1 mg, 1.00 mmol, 6 eq), I (144 μL, 1.00 mmol, 6 eq), and ACVA (100 μL of a 4.67 mg/100 μL solution in DMSO, 0.0167 mmol, 0.1 eq). DMF (20 μL) was added as an internal standard for 1H-NMR spectroscopy analysis, and DMSO (1494 μL) served as the reaction solvent (Scheme S1). The mixture was sonicated to ensure complete dissolution of solids, degassed under argon for 6 minutes, and polymerized at 75 °C in an oil bath for 3 hours. Polymerization was terminated by exposing the reaction mixture to air. Monomer conversion was quantified by 1H-NMR spectroscopy (Agilent U4-DD2 400 MHz) of crude aliquots collected pre- and post-polymerization.
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Scheme S1. Synthesis of random hetero oligomers by thermal RAFT polymerizations.

Size Exclusion Chromatography (SEC)
SEC was performed in N,N-dimethylacetamide (DMAc) with 50 mM LiCl at 50 °C at a flow rate of 0.5 mL min-1 (Agilent 1260 Infinity II isocratic pump, degasser, and autosampler, columns: TOSOH TSKgel Guard Alpha and a TOSOH TSKgel Alpha-3000: molecular weight range 0–1 × 105 g mol-1). Detection consisted of an Agilent VWD operating at 309 nm and an Agilent RID. Molecular weights and dispersities were calculated using column calibration with poly(methyl methacrylate) standards with molecular weights in the range of 1750 to 18700 g/mol, which corresponds to a linear calibration region of 14.7 to 17.7 minutes.

Heterologous expression and purification of recombinant proteins
The GFP gene (843 bp, Figure S1, panel A) was cloned into the pET-21c(+) expression vector via Gibson assembly.[98,99] Recombinant plasmids were verified by PCR screening and Sanger sequencing, then transformed into E. coli TOP10(DE3) cells (Invitrogen). Protein expression was induced in an 800 mL LB culture using IPTG (0.25 g L⁻¹) at an OD₆₀₀ of 0.4–0.6, followed by incubation at 17 °C for 18 hours. GFP was recovered from inclusion bodies through solubilization in 9 M urea and refolded by dilution into TBS buffer supplemented with 10% (w/v) glycerol. Purification was performed sequentially using Ni-NTA affinity chromatography (HiTrap, GE Healthcare), anion exchange chromatography (HighQ, Bio-Rad), and size-exclusion chromatography (Enrich SEC 70, Bio-Rad) (Figure S1, panel C). Protein concentration was determined spectrophotometrically using the denatured chromophore’s absorbance at 447 nm in 0.1 M NaOH (ε = 44,100 M⁻¹ cm⁻¹).[100]

The native GFP was cleaved into two parts, namely a truncated GFP (tGFP10) and the tenth strand (s10). Protein cleavage was performed using trypsin treatment (5 units/uL). tGFP and s10 were isolated using size exclusion chromatography under denaturating condition (6 M guanidine). The tGFP10 concentration was determined using the chromophore’s characteristic absorption profile in 0.1 M NaOH. The s10 concentration was determined using the bicinchoninic acid assay (Protein Assay Kits and Reagents, Thermo Scientific) following the manufacturer’s recommended protocol. The split-GFP assay was validated by showing that fluorescence restoration occurred through recombination of the purified tGFP10 and s10.

GFP fluorescence measurement
Fluorescence measurements were conducted using a multimode plate reader (BioTek Cytation 2, Agilent). Samples were excited at 450 nm, and emission was recorded at 504 ± 20 nm. GFP concentrations were maintained at 0.10 μM, while RHOs were used at 2.0 μM. RHO-GFP mixtures were prepared in ultrapure water and incubated in the dark at 4 °C for 24 hours to allow for potential interactions. Changes in fluorescence intensity were quantified as relative enhancement or quenching compared to the GFP-only control. Apparent equilibrium dissociation constants (Kd,app) for RHOs were determined via fluorescence spectroscopy across eight RHO concentrations ranging from 0.039 to 5.0 μM. Kd,app values were obtained by fitting normalized fluorescence enhancement data—relative to the mean signal at the two highest RHO concentrations—to an exponential binding model.

Native polyacrylamide gel electrophoresis
GFP or RHOGFP samples were mixed at a 1:1 ratio with 40% (w/v) sucrose-bromophenol blue loading buffer (Sigma-Aldrich). A total of 20 μL was loaded into each well of a 15% polyacrylamide gel. Electrophoresis was performed in Tris-glycine buffer (pH 8.0) at 80 V for 4 hours at 4 °C. Fluorescent imaging was conducted using a Bio-Rad ChemiDoc Imager with excitation at 488 nm and emission detection at 520 nm. To attenuate GFP fluorescence and enhance resolution of mobility shifts, reduced sample volumes (5 or 10 μL) were loaded.

Determination of the isoelectric point of native GFP
The isoelectric point (pI) and molar mass of GFP was determined using Compute pI/Mw[101] functionality of ExPASY server (Swiss Institute of Bioinformatics) [67]. The protein sequence in Figure S1, panel B was used as sequence input.

Monomer reactivity ratio determination
A Jaacks method was used to determine the reactivity ratios of each of the four RHO monomers.[68] The ratio of monomers:CTA:initiator for each reaction was 24:1:0.1. Four unique polymerizations were set up where one of four monomers was in excess to the other three. Feed ratios of monomers in each reaction were 20:1:1:1. Monomer, initiator, and CTA with 50 mL of an internal standard of DMF were polymerized. The conversion of each monomer was tracked using gas chromatography-mass spectrometry (GC-MS, Agilent Technologies), where the change in abundance of each monomer was normalized to an internal standard. An example of a typical polymerization to find reactivity of three monomers to acrylamide was: A (123.33 mg, 1.74 mmol), D (13.20 uL, 0.087 mmol), H (9.20 uL, 0.087 mmol), and I (12.52 uL, 0.087 mmol) were added to a 1-dram vial. Internal standard of DMF (50 uL) and a solution of 4,4-azobis(4-cyanovaleric acid) in DMSO (2.33 mg or 0.008 mmol per 50 uL) were added. Additional solvent (DMSO) was added for a total volume of 500 mL. The reaction solution was sonicated, sealed with rubber septa and purged with argon gas for at least 30 s. A t0 aliquot was taken and the reaction was polymerized at 75 °C for 10 min. Inlet temperature was 275 °C and pressure was 7.1 psi. Reactivity ratios are presented in Table S5. Corresponding monomer conversion data used to calculate reactivity ratios are presented in Table S6. Representative chromatograms before and after polymerization are shown in Figure S30.

Characterization of fractionated of polymerization products

Size-exclusion chromatography. SEC was performed in N,N-dimethylacetamide (DMAc) with 50 mM LiCl at 50 °C at a flow rate of 0.5 mL per minute (Agilent 1260 Infinity II isocratic pump, degasser, and autosampler, columns: TOSOH TSKgel Guard Alpha and a TOSOH TSKgel Alpha-3000: molecular weight range 0-1 × 105 g/mol or a TOSOH TSKgel Alpha-4000: molecular weight range 0-1 × 106 g/mol). Detection consisted of an Agilent visible wavelength detector, VWD, operating at 365 nm and an Agilent refractive index detector, RID. Molecular weights and dispersities were calculated using column calibration with poly(methyl methacrylate) standards with molecular weights in the range of 902 to 116,000 g/mol, which corresponds to a linear calibration region of 12.3 to 18.6 minutes. The SEC chromatograms of batch 1-3 samples from SEC-MALS are presented in Figure S47-A to C. The SEC traces, molar masses, and dispersities for a representative batch determined by poly(methyl methacrylate) calibration are presented in Figure S47-D to F.

1H NMR spectroscopy. Lyophilized samples (6-20 mg) were dissolved in deuterated DMSO and submitted for 1H NMR spectroscopy analysis using a Bruker Avance III 600 MHz instrument. The 1H NMR spectra and derived monomer compositions per fraction are presented in Figure S48-S71, Table S9, and Figure S72.

Fluorescence assays. The fluorescence of GFP added with 0.25 and 2.0 μM of fractions 1 to 8 was determined (Figure S73-A to C). The concentration of RHOs was determined using the characteristic absorption of the thiocarbonylthiol of the CTA at 309 nm and each fraction was prepared as 50 μM stock solution in DMSO. The absorption spectra of stock solutions (50 μM) used in assays are presented Figure S73-D to F. To perform the assay, fractionated RHOs were prepared as 0.50 and 4.0 μM aqueous solutions and GFP was prepared as a 0.20 μM aqueous solution. To each well, 100 μL of RHOs and 100 μL of GFP were added. Three wells were used per fraction per test concentration. Six wells were used for GFP control (200 μL of 0.1 μM GFP) and additional six wells for blanks (200 μL ultrapure water).

Kd,app values determination. The Kd,app values of the polymerization products, fraction 1, and fraction 8 were determined using fluorescence spectroscopy. For each sample, 12 concentrations (0.063 to 4.0 μM) were used to obtain concentration-response data and used in modeling Kd,app values. Three wells were used per test concentration. The Kd,app value was calculated as the concentration at which 50% normalized fluorescence change was observed based on a loglogistic model. Modeling was performed with OriginPro by sigmoidal fitting.[102] The fluorescence assay data and Kd,app for RHOs batch 1 to 3 are shown in Figure S74.

Binding experiments

Native PAGE. Separately, 20 μL of GFP, fraction 1-GFP, and fraction 8-GFP samples were mixed with 20 μL of 40% sucrose-bromophenol blue loading buffer. For GFP, 20 μL of the mixture was loaded into 15% polyacrylamide gel. For fraction 1–GFP and fraction 8–GFP samples, variable volumes (5-30 μL) were loaded to reduce intensity of bands. The gels were run in Tris-glycine buffer (pH 8.0) for 4 hours at constant voltage (80 V) at 4 °C. The in-gel GFP fluorescence was detected using a Bio-Rad ChemiDoc Imager instrument using 488 nm excitation and 520 nm detection (Figure S75).

Dynamic light scattering. Starting from 500 uL of 39.4 μM GFP, 60 mL of 0.30 μM GFP was prepared. RHOs (Fraction 1 or 8) were added to final concentration of 2.0 μM. After an overnight incubation in the dark at 4 °C, the sample volume was reduced to ~1.5 mL by spin filtration using 10 kDa MWCO (Invitrogen). The samples were passed through a 0.45 μm syringe filter (Millipore).  To determine the hydrodynamic size and surface charge, dynamic light scattering measurements with fluorescence optical filter at a fixed angle (173°) using DTS1070 disposable cells and ZetaSizer Ultra (Malvern Panalytical, UK). Size measurement was performed in four replicates (Figure S76) while surface charge in triplicates.

Microscale thermophoresis. Sixteen RHOs concentrations were used for microscale thermophoresis (MST) experiments (0.30 to 1.8 μM) using NanoTemper Monolith (61). The GFP concentration was kept at 0.30 μM. Samples were incubated overnight in the dark.

Temperature variable circular dichroism spectroscopy. The melting temperature of GFP and fraction 1-GFP samples as determined using a Hasco J815 CD spectrometer equipped with temperature controller. Samples were prepared as 0.20 mg/mL GFP in water. CD spectra were collected every 2 °C from 60 to 76 °C for GFP and from 50 to 64 °C for fraction 1–GFP (Figure S78).

BSA competition assays. Four tests were performed: (1) 0.10 μM GFP was incubated with different concentrations of BSA; (2) 0.10 μM GFP and 1.0 μM RHOS were incubated with different BSA concentrations; (3) 0.10 μM GFP and 1.0 μM RHOs were incubated for 24 hours, then different concentrations of BSA were added with an additional 24 hour incubation; and (4) 1 μM RHOs where incubated with different concentrations of BSA and incubated for 24 hours, then 1.0 μM RHOs were added with an additional incubation for 24 hours. Incubation was done at 4 °C in the dark. Eight BSA concentrations were used: 5.0, 2.5, 1.2, 0.62, 0.31, 0.16, 0.078. 0.039 μM. The concentration of BSA was determined spectrophotometrically (Nanodrop Lite, Thermo Scientific). BSA was prepared as a 10 μM working solution in water and serially diluted into 8 wells. Each well contained 100 μL of BSA solution. RHOs were prepared as 4.0 μM aqueous solution and GFP as 0.40 μM aqueous solution. RHOs and GFP were added at 50 μL per well. For each test, 6 wells were used for GFP control, additional six wells for blanks, and three wells per BSA test concentration.

Computational Methods

Generation of random RHO sequences. The following Python script was used to generate random RHO sequences. The script was run in Python3.

import random
# Define the elements and their allowed occurrences
elements = [1] * 5 + [2] * 8 + [3] * 5 + [4] * 5
# Shuffle the elements randomly
random.shuffle(elements)
# Print the random sequence
print(elements)

The numbers in parentheses are designated a specific monomer ([1] = DMAEA, [2] = HEA, [3] = AM, [4] = IBA). A second number which defines the monomer composition is used as a multiplier. Thus, for D5H8A5I5, 5, 8, 5, and 5 are used as multipliers.

Well-tempered metadynamics simulations. Well-tempered metadynamics (WTMD) is an advanced enhanced sampling technique that addresses the limitations of conventional molecular dynamics (MD) by accelerating the exploration of complex free energy landscapes. In particular, WTMD facilitates the sampling of otherwise inaccessible or rarely visited conformational states, such as shallow binding sites, by adaptively depositing Gaussian bias potentials along selected collective variables (CVs). These Gaussians are modulated over time to avoid oversampling low-energy regions, thereby preserving the physical relevance of the underlying free energy surface.[72]

Unlike classical MD, which often requires prohibitively long simulation times to observe such rare events, WTMD significantly accelerates the sampling process without the need for prior knowledge of the complete reaction coordinate.[103] This makes it especially well-suited for investigating biomolecular recognition, ligand binding/unbinding events, and protein-ligand binding pose identifications[104,105] by accurately constructing the free energy landscape in a reasonable simulation time with a reduced computational cost.

Here, WTMD[72] simulations were used to identify the potential binding sites for oligomers by mapping the free energy surface of green fluorescent protein (GFP). Specifically, WTMD simulations were conducted to determine the location of the energy minima points on the surface of the GFP for the experimentally characterized best-binding HPLC fraction, Fraction 1 (F1) with 23 monomers, and the worst-binding HPLC fraction, Fraction 8 (F8) with 22 monomers (see Table S10) and the hydrophobic nature of individual monomers is detailed in Table S11.

With four distinct monomer types: D (5 units), H (8 units), A (5 units), and I (5 units), a 23-mer oligomer can theoretically adopt an astronomically large number of unique sequences under RAFT polymerization. Assuming random incorporation without sequence bias, the number of possible configurations for the D₅H₈A₅I₅ composition is approximately 3.71 × 1011 (0.37 trillion), making the exhaustive simulation of all configurations computationally infeasible.

To capture representative sequence diversity and obtain statistically meaningful insights, we performed WTMD simulations on three randomly generated oligomer sequences for the D₅H₈A₅I₅ composition (denoted as F1) and two for the D₂H₇A₅I₈ composition (denoted as F8). Additionally, WTMD simulations were conducted using polyethylene glycol (PEG) as a control system. For each system: F1, F8, and PEG, two independent replicas were simulated to ensure convergence of the free energy surfaces.

The PLUMED-2.8[106,107] package/patch was utilized along with the CHARMM36 force field (FF)[108] for the GFP protein and CGnFF FF[109] for the oligomers using the GROMACS[110] simulation package. All systems were solvated using the TIP3P water model,[111] and charge neutrality was maintained by the addition of appropriate counterions. WTMD simulations were carried out in the NPT ensemble at 300 K and 1 atm. Temperature and pressure were controlled using a Nosé-Hoover velocity-rescaling thermostat and a Parrinello-Rahman barostat, respectively.[112–114] Periodic boundary conditions were applied in all directions, and a time step of 2 fs was used throughout the simulations.

In WTMD simulations, the surface of the β-barrel-shaped GFP protein was explored using a virtual cylinder with a height of h = 6 nm and a radius of r = 2 nm, centered at the geometric center of the protein. This setup positioned the cylinder walls approximately 0.5 nm away from the protein surface. To enable comprehensive surface sampling, two collective variables (CVs) were biased: (i) the z-coordinate, representing the vertical position of the oligomer’s center of mass (COM) along the cylinder’s axis, and (ii) the θ-angle, representing the angular position of the oligomer’s COM around the cylinder’s axis, effectively tracing a circular path at a fixed radius. The r-coordinate (radial distance, r = 2.0 nm) was restricted to ensure the oligomer remained close to the protein surface. Specifically, the θ-angle, ranging from –π to π, was used as CV1 to capture the oligomer’s angular motion around the β-barrel, while the z-coordinate, restricted between 2.0 nm and 8.0 nm, served as CV2 to track its vertical displacement along the protein surface. Restraining potentials were applied to confine the oligomer within a defined cylindrical region with a force constant of 25,000 kJ/mol/nm². Overall, this setup enabled the oligomer to explore the accessible surface of the GFP protein efficiently and systematically within the defined cylindrical region (Figure S79).

A Gaussian height of 1.0 kJ/mol, a bias factor of 50, and widths of 0.5 nm and 0.125 radians were deposited every 500 steps to enhance sampling efficiency. These parameters were chosen to balance computational feasibility with sufficient resolution of the free energy landscape. At the same time, the grid boundaries (z: 0 to 9.0 nm, theta: -π to π) and reaction coordinate calculation facilitated a comprehensive mapping of binding interactions. All variables were recorded every 500 steps to the COLVAR file for analysis, and a reweighting procedure was performed to calculate the free energy landscape.[72,73] WTMD simulations for F1, F8, and PEG systems were conducted for 800 ns. 

Figs. S80 (A - L), S81 (A - H), and S82 (A - F) show that two replicas of all three oligomers - F1, F8, and PEG - explored both collective variables (CVs) during the WTMD simulations, effectively sampling the entire protein surface. Figs. S83 (A - F), S84 (A - D), and S82 (C) – (F) present the difference between the two lowest energy minima as a function of time for F1, F8, and PEG, respectively. The consistent value of this difference over time indicates that the WTMD simulations reached convergence. However, the time required to achieve convergence varied among the different systems. Specifically, convergence was achieved after 300 ns, 600 ns, and 700 ns for F1, F8, and PEG, respectively, in replica 1, and after 800 ns, 700 ns, and 650 ns, respectively, in replica 2. Overall, both CV1 and CV2 were well explored by the COM of the oligomers.

In our study, WTMD simulations were performed to obtain the free energy surface (FES) of the oligomers from F1 and F8 HPLC fractions interacting with the green fluorescent protein (GFP), aiming to identify their potential binding sites. For the D5H8A5I5 composition, the two-dimensional FES revealed multiple potential local minima, including two prominent minimums  and ,   located on the GFP barrel near the 2nd and 9th - 10th β-strands, respectively. The corresponding GFP residues within 0.5 nm of the oligomer conformation obtained from the two minima are highlighted in dark blue and cyan shown in Figure 7 (A – C) in the main manuscript. Additional compositions D5H8A5I5-Seq2 and D5H8A5I5-Seq3 showed binding regions, exhibiting local minima at the N- and C-terminal loops and also on the GFP barrel. The multiple minima locations on FES suggest that the D5H8A5I5 oligomers promiscuously bind to various sites on the GFP barrel and terminal regions. In contrast, simulations for the D2H7A5I8 composition indicated favorable free energy minima predominantly at the N- and C-terminal regions (Figure 7 (B – D)) in the main manuscript) and the loops above the barrel and had fewer minima locations on the GFP barrel. A 23-mer polyethylene glycol (PEG) was used as a control, with its FES displaying two minima located at the GFP barrel shown in Figure S90.

We employed a normalization procedure to evaluate the relative depth of the most favorable binding sites with free energy < 10 kJ/mol compared to other local minima (> 10 kJ/mol and < 150 kJ/mol) on the free energy surface. Specifically, the average energy of the minimums (> 10 kJ/mol and < 150 kJ/mol) was computed, denoted as ⟨M>10⟩. This average value was uniformly subtracted from the entire FES, thereby re-centering the energy landscape without altering the relative energy differences between states. As a result, the new baseline is defined by ⟨M>10⟩ = 0, allowing the depth of M<10 minima to be visualized as a negative value by –⟨M>10⟩. This transformation facilitates a clearer comparison of the best binding sites with respect to the ensemble of the shallower binding locations. The free energy landscapes and the two prominent binding locations for replica 2 of F1-seq1, as well as for both replicas of F1-seq2 and F1-seq3, are shown in Figs. S87 (A - B) and S88. Similarly, the free energy landscapes and two prominent binding locations for replica 2 of F8-seq1 and both replicas of F8-Seq2 and PEG sequences are shown in Figs. S87 (C-D), S89, and S90, respectively.

The D5H8A5I5 and D2H7A5I8 compositions exhibited an average M<10 well depth of –55    11 kJ/mol and –51    15 kJ/mol deeper than ⟨M>10⟩ local minima, respectively, averaged over two replicas, and are shown in Table S12, and the corresponding distributions of minimums are shown in Figs. S85 and S86 for replica 1 and replica 2, respectively. However, D5H8A5I5 compositions showed a higher number of M<10 minima compared to D2H7A5I8, with prominent presence on the GFP barrel. This suggests a greater likelihood of multiple, accessible binding locations around the GFP protein for D5H8A5I5 compositions. In contrast, the lower frequency of M<10 minima in D2H7A5I8 exhibited more localized binding behavior. The PEG control exhibited a shallower ⟨M<10⟩ well depth of around –30    11 kJ/mol, with most of the minima located on the top of the GFP barrel. The conformations identified from the binding sites for D5H8A5I5, D2H7A5I8, and PEG were tested for stable binding using polarizable molecular dynamics simulations.

The authors declare that the data supporting the findings of this study are available within the paper and its supplementary materials files. Metadynamics simulation input files, analysis, and plotting code are publicly accessible at https://github.com/Deshmukh-Group/RHO_MetaD/.

Polarizable MD simulations

Parametrization for the AMOEBA force field

We modeled the PEG (control), D5H8A5I5 and D2H7A5I8 RHOs bound to GFP with polarizable molecular dynamics (MD) and the AMOEBA force field,[78] as implemented in Tinker9.[115] The polarizable MD was run from the minimum-energy binding configurations predicted by WTMD. To run these simulations, we derived new AMOEBA parameters for each RHO sequence with  poltype2.[116] We first derived parameters for each of the monomers (D, H, I, A and ethylene glycol) and the oligomer termini (Z-group and R-group) (Figure S91). The input structures for poltype2 were modified to mimic the electronic environment of each monomer, as shown in Figure S91.  In each case the carbon double bond was changed to a single bond to mimic the oligomer backbone, and methyl groups were added for the valence. For the Z-group, the trithiocarbonate was changed to a monomer-mimetic carboxyl group. All poltype 2 input files are provided as attachments. The monomer units were then connected, one at a time, using PyMOL builder[117] and the multipole parameters for the linkages determined with poltype2. The growing oligomer was checked for charge balance and dipole/multipole convergence after each connection.

To validate our AMOEBA parameters, we simulated each oligomer individually in a water box of size (50 Å)3, with chloride ions for charge balance, using the Tinker9 software package.[118] The Z- and R-groups were negatively charged, and the D groups were positively charged, so the number of chloride ions added for neutrality were number of D minus 2. No ions were added to the PEG simulation box as it was neutral. These systems were then minimized in Tinker9 using steepest descent, with a root-mean-square gradient per atom criterion of 0.01 kcal/mole/Å, followed by MD simulations in the NPT ensemble (1 atm, 300 K) for 10 ns (1 fs time step), saving snapshots every 10 ps, with the Nose-Hoover thermostat and barostat.[112] These simulations were checked for charge balance and correct geometry of the oligomer. The potential energy components of the system from the trajectory were also checked for no sudden strains, spikes or instability and no abnormally high interactions.

Parametrization of the GFP chromophore

The GFP chromophore was also parameterized with poltype2. The chromophore was split into four fragments, all capped to mimic the chemical environment of the atoms, such as connections to Leu and Val residues in GFP (Figure S92). Parameters were also tested by running minimization and MD of the chromophore in a water box of size (50 Å)3. No ions were added as this molecule was neutral. The MD was run in the NPT ensemble (1 atm, 300 K) for 10 ns (1 fs time step), saving snapshots every 10 ps, with the Nose-Hoover thermostat and barostat. This simulation was also checked for charge balance, correct geometry of the chromophore and no sudden or extreme energy strains. The AMOEBABIO18 parameters[78] were used for the remainder of GFP.

Molecular dynamics simulations

RHOs-GFP configurations corresponding to the lowest energy minima, identified from the WTMD simulations, were used as initial structures for polarizable MD. Specifically, two minimum energy binding poses were simulated for PEG (control), D2H7A5I8 (F8) and two sequences of D5H8A5I5 (F1), labelled F1 Seq 1 I and II and F1 Seq 2 I and II. F1 Seq 1 was also ran starting from a high energy binding pose as control, which as expected, did not interact with the GFP and left the vicinity of the protein within 35 ns. 

Each RHO-GFP complex was then solvated in a water box of size (100 Å)3 and sodium ions were added for electroneutrality. GFP had a net charge of -6. Since D2H7A5I8 and PEG are neutral, 6 sodium ions were added to these complexes. However, D5H8A5I5 had a charge of +3, therefore, 3 sodium ions were added for these complexes.
 
Each complex was minimized in Tinker9 using steepest descent with an root-mean-square gradient per atom criterion of 0.01 kcal/mole/Å. MD was then run in the NPT ensemble (1 atm, 300K) for 100 ns with a 1 fs time step, saving snapshots every 10 ps, using the Nose-Hoover thermostat and barostat. We calculated backbone Root Mean Square Deviation (RMSD) to check for convergence (Figure S93). The distances between the protein Cɑ atoms and the oligomer Cɑ atoms were calculated using an in-house code.

The interaction energies (IEs) were calculated using the analyze executable in Tinker9. For each frame, the electrostatic (permanent and induced) and van der Waals interactions between all atoms were computed (Figure S94). The total IE between two fragments was then calculated by adding these atomic pairwise interactions. We show the time evolution of the total IE for each fraction (Figure S95) and heatmaps characterizing IE per GFP residue over time and per RHO monomer for F1 Seq 1 (Figs. S96-S97), F1 Seq 2 (Figure S98-99) and F8 Seq 1 (Figs. S100-101).

Finally, we calculated the residence time for each RHO around GFP, defined as the distance between monomer Cα and amino acid Cα being less than 20 Å (Figure S102). This 20 Å cutoff distance was established based on trajectory analysis, which revealed interactions between the terminal atoms of the RHOs and amino acids atoms when approximately 10 Å of each other. An additional buffer of 5 Å was added to each component.

The input Tinker XYZ files of the four oligomers, the AMOEBA parameter files (.key and .prm), the Python code for calculating IEs and the VMD analysis scripts are available on the Github repository: https://github.com/WelbornGroup/polyacrylates.

Monte Carlo simulations. To simulate the oligomer length distribution, we employed the Schulz-Zimm distribution, defined as[119,120]



Where    is the oligomer chain length,    is a parameter related to dispersity (Đ) through



The Schulz-Zimm distribution is a widely used statistical model for oligomer chain lengths that includes in its calculations, the experimentally determined values of chain length and Đ, which are used to determine the parameter .

To generate a realistic ensemble of oligomer sequences with varied lengths, chain lengths were first drawn from the Schulz-Zimm distribution. For each chain length, a Monte Carlo-based sequence assembly was performed in three stages. The process began with an initiation step, where the initial monomer was selected based on its reactivity ratio relative to other available monomers. These reactivity values, derived from experimental measurements, were compiled into a pairwise reactivity matrix that was normalized to form a reaction probability. This probability guided the probabilistic selection in adding new monomers. In the next stage (propagation), the oligomer chain was extended one monomer at a time. At each step, a new monomer was appended to the growing chain based on the aforementioned probabilities. This propagation continued until the chain reached its predefined length, as determined by the original draw from the Schulz-Zimm distribution. Once the desired length was reached, the final oligomer sequence was stored for further analysis. This entire process (drawing a chain length, assembling the sequence, and storing the result) was repeated 500 million times to ensure a statistically significant sample size. This resulting ensemble of oligomers are analyzed further. The simulated mean oligomer length for the ensemble was calculated as[119,120]



where  is the length of the -th oligomer and  is the total number of oligomer. The simulated dispersity (Đ) was calculated as[119,120]



A dispersity of 1 indicates a perfectly uniform distribution (all chains have identical length), while values greater than 1 indicate increasing breadth of the distribution. Figure S103 shows the distribution of oligomer lengths and the simulated mean (22.50) and dispersity (1.21).

The composition of the generated oligomers was compared to the experimentally generated “best” (D5H8A5I5) and “worst” (D2H7A5I8) compositions using Euclidean distance calculations.[121] Two oligomer compositions are represented as four-dimensional vectors



where each component represents the percentage of a specific monomer type (D, H, I, and A). Then the Euclidean distance between them was calculated as[121]



This distance metric provides a single numerical value representing the overall compositional difference between two oligomers in a four-dimensional composition space. A smaller distance indicates greater similarity between generated compositions. To provide an intuitive interpretation of the Euclidean distance, we converted it to a similarity percentage using a theoretical maximum distance possible in a four-dimensional percentage composition space. Since each dimension (monomer type) can range from 0% to 100%, the maximum theoretical distance can be approximated to 



This approximation considers the distance for maximum sequence difference, where one sequence is 100% D, and the other is 100% A (or a different monomer). The similarity percentage was then calculated as:



This conversion allows for expressing compositional similarity on a scale from 0% (completely different) to 100% (identical). For a threshold of similarity, two reference compositions were used for comparison: the F1 composition (D5H8A5I5) and the F8 composition (D2H7A5I8) per experimental assays. For each reference composition, we calculated the percentage of oligomers in the dataset that matched the composition within 95% similarity. Figure S104 shows the distribution of generated oligomers against composition similarity, resulting in 5.04% and 2.77% oligomers with a minimum composition similarity of 95% to the F1 and F8 compositions respectively. All the code for Monte Carlo simulation and analysis was written in Python3. The Python codes for the Monte Carlo and for calculating the Euclidean distance are available on the Github repository: https://github.com/WelbornGroup/polyacrylates.





II. Additional Tables and Figures


A
5’-ATGGGCTCCTCCCACCACCACCATCATCATTCGTCAGGATTGGTGCCCGGAGGCAGCCATATGTTGCCCGACAATCACTACC
TGTCAACGCAAACTGTCCTTTCCAAAGACCCTAATGAGGGAACGCGCGGCAGCGGGTCTATTGAAGGGCGTCATTCTGGATCAGGCTCAAAACGCGACCACATGGTACTTCACGAGTACGTCAATGCTGCGGGTATTACGCACGGGATGGACGAGTTGTATGGTGGAACTGGGGGCTCTGCGTCACAAGGAGAAGAACTGTTCACCGGTGTTGTTCCTATTCTGGTCGAATTGGATGGGGATGTAAACGGGCACAAGTTCTCAGTTCGTGGTGAAGGAGAGGGAGATGCTACGATCGGTAAATTAACTTTAAAGTTTATTTCAACCACAGGCAAGTTGCCGGTTCCTTGGCCCACATTGGTCACTACTCTGAGCTATGGGGTCCAAGCTTTCAGCCGTTACCCAGATCATATGAAACGCCATGATTTTTTCAAGAGTGCAATGCCAGAAGGCTATGTTCAGGAGCGTACTATCTCATTTAAGGACGACGGTAAGTATAAAACTCGTGCGGTGGTGAAGTTCGAAGGAGATACCTTAGTTAATCGCATCGAATTGAAGGGAACGGATTTCAAAGAGGACGGGAATATCCTGGGCCACAAGTTGGAATACAACTTTAACTCACACAACGTGTATATCACCGCTGACAAACAAAAGAATGGTATTAAGGCCAATTTCACTGTTCGTCACAACGTTGAAGACGGGTCCGTCCAGTTGGCGGATCATTACCAACAGAACACACCAATCGGGGACGGCCCAGTTTTA-3’

B
MGSSHHHHHHSSGLVPGGSHMLPDNHYLSTQTVLSKDPNEGTRGSGSIEGRHSGSGSKRDHMVLHEYVNAAGITHGMDELYGGTGGSASQGEELFTGVVPILVELDGDVNGHKFSVRGEGEGDATIGKLTLKFISTTGKLPVPWPTLVTTLSYGVQAFSRYPDHMKRHDFFKSAMPEGYVQERTISFKDDGKYKTRAVVKFEGDTLVNRIELKGTDFKEDGNILGHKLEYNFNSHNVYITADKQKNGIKANFTVRHNVEDGSVQLADHYQQNTPIGDGPVL
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Figure S1. (A) GFP DNA sequence (843 nucleotides, confirmed by Sanger sequencing and targeted PCR amplification). (B) GFP protein sequence (281 amino acids, 30.7 kDa) [99]. (C) GFP purification by size-exclusion chromatography. (D) GFP purity assessment by sodium dodecyl sulfate polyacrylamide gel electrophoresis showing >95% purity. (E) Absorbance spectrum of purified, native GFP exhibiting characteristic absorption at 395 and 475 nm (1× PBS). (F) Characteristic GFP fluorescence under UV light.
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Figure S2. Validation of the split-GFP assay. GFP fluorescence is only observed when truncated GFP (tGFP10) and the complementary tenth strand (s10) are mixed in 1× PBS.
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Figure S3. Representative RHO structure using N-isopropylacrlamide (N) and acrylamide (A) as monomers. No significant restoration of GFP fluorescence was observed with homo-oligomers and binary combinations of N and A.
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Figure S4. Representative RHO structure using N-acryloyl glycinamide (G), N-isopropylacrylamide (N), and N,N-dimethylacrylamide (D) as monomers. No significant restoration of GFP fluorescence was observed with homo-oligomers, binary, and ternary combinations of G, N, and D.
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Figure S5. Representative RHO structure using N-isopropylacrylamide (N), acrylamide (A), N,N-dimethylacrylamide (D), and N-acryloyl glycinamide (G) as monomers. No significant restoration of GFP fluorescence was observed with binary, ternary, and quaternary combinations of N, A, D, and G.
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Figure S6. Synthesis scheme for sample random hetero oligomers used in split-GFP and native GFP assays. No restoration of GFP fluorescence were detected at 667× times the concentration of tGFP10, 0.30 μM. Enhancement of GFP fluorescence was observed with D6H2I2P2 oligomers. Results indicate concentration-dependence of fluorescence enhancement. Fluorescence assays were performed in ultrapure water.
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Table S1. RAFT polymerizations of homo-oligomers.
	RHOs composition
	Rel. vinylic protons signal
	Conversion
(%)a
	Composition
	DPa
	Expected Mn (g/mol)a
	Mn (g/mol)b

	
	Before polymerization
	After polymerization
	
	D
	H
	A
	I
	
	
	

	D24
	55.3
	10.1
	82
	20
	
	
	
	20
	3100
	2300

	H24
	53.8
	0.9
	98
	
	24
	
	
	24
	3000
	9200

	A24
	54.2
	1.5
	97
	
	
	23
	
	23
	1900
	1000

	I24
	50.1
	1.5
	97
	
	
	
	23
	23
	3200
	2100


aMeasured by 1H NMR spectroscopy, bmeasured by gel permeation chromatography in DMAc with 50 mM LiCl at 50 °C at a flow rate of 0.5 mL min-1using poly(methyl methacrylate) standards
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Figure S7. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the D24 RHOs after RAFT polymerization. 
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Figure S8. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the H24 RHOs after RAFT polymerization. 
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Figure S9. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the A24 RHOs after RAFT polymerization. 
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Figure S10. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the I24 RHOs after RAFT polymerization. 
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Figure S11. SEC chromatograms of D24, H24, A24, and I24 RHOs.


[image: A few chemical formulas

AI-generated content may be incorrect.]

Table S2. RAFT polymerizations of binary monomer combinations.
	RHOs composition
	Rel. vinylic protons signal
	Conversion
(%)a
	Compositiona
	DP
	Expected Mn (g/mol)a
	Mn (g/mol)b

	
	Before polymerization
	After polymerization
	
	D
	H
	A
	I
	
	
	

	D12H12
	58.6
	13.4
	77
	9
	8
	
	
	17
	2500
	4800

	D12I12
	54.0
	6.4
	88
	11
	
	
	10
	21
	2900
	2200

	D12A12
	46.5
	12.4
	73
	9
	
	9
	
	18
	1900
	2600

	H12A12
	47.2
	1.8
	96
	
	12
	11
	
	23
	2200
	6900

	H12I12
	56.0
	1.0
	98
	
	12
	
	11
	23
	3000
	3300

	A12I12
	36.5
	1.9
	95
	
	
	11
	12
	23
	2300
	4300


aMeasured by 1H NMR spectroscopy, bmeasured by gel permeation chromatography in DMAc with 50 mM LiCl at 50 °C at a flow rate of 0.5 mL min-1using poly(methyl methacrylate) standards
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Figure S12. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the D12H12 RHOs after RAFT polymerization. 
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Figure S13. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the D12I12 RHOs after RAFT polymerization. 
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Figure S14. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the D12A12 RHOs after RAFT polymerization. 
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Figure S15. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the H12A12 RHOs after RAFT polymerization. 
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Figure S16. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the H12I12 RHOs after RAFT polymerization. 
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Figure S17. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the A12I12 RHOs after RAFT polymerization. 
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Figure S18. SEC chromatograms of D12H12, D12I12, D12A12, H12A12, H12I12, and A12I12 RHOs.
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Table S3. RAFT polymerizations of ternary monomer combinations.
	RHOs composition
	Rel. vinylic protons signal
	Conversion
(%)a
	Compositiona
	DP
	Expected Mn (g/mol)a
	Mn (g/mol)b

	
	Before polymerization
	After polymerization
	
	D
	H
	A
	I
	
	
	

	D8H8I8
	48.0
	7.4
	85
	7
	5
	
	6
	18
	2600
	4400

	D8H8A8
	57.2
	6.9
	88
	7
	8
	6
	
	21
	2300
	4400

	D8A8I8
	43.3
	9.5
	78
	7
	
	6
	6
	19
	2200
	2800

	H8A8I8
	59.5
	2.1
	96
	
	7
	8
	8
	23
	2200
	3800


aMeasured by 1H NMR spectroscopy, bmeasured by gel permeation chromatography in DMAc with 50 mM LiCl at 50 °C at a flow rate of 0.5 mL min-1using poly(methyl methacrylate) standards
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Figure S19. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the D8H8I8 RHOs after RAFT polymerization. 
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AI-generated content may be incorrect.] Figure S20. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the D8H8A8 RHOs after RAFT polymerization. 
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Figure S21. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the D8H8I8 RHOs after RAFT polymerization. 
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Figure S22. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the H8A8I8 RHOs after RAFT polymerization. 
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[bookmark: _Hlk206084831]Figure S23. SEC chromatograms of D8H8I8, D8H8A8, D8A8I8, and H8A8I8 RHOs.
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Table S4. RAFT polymerizations of quaternary monomer combinations.
	RHOs composition
	Rel. vinylic protons signal
	Conversion
(%)a
	Compositiona
	DP
	Expected Mn (g/mol)a
	Mn (g/mol)b

	
	Before polymerization
	After polymerization
	
	D
	H
	A
	I
	
	
	

	D6H6A6I6
	54.7
	5.8
	89
	5
	4
	5
	5
	19
	2400
	4500

	D12H4A4I4
	47.2
	10.7
	77
	9
	3
	4
	3
	19
	2400
	3500

	D4H12A4I4
	55.9
	4.6
	92
	3
	11
	3
	3
	20
	2500
	4900

	D4H4A4I12
	54.6
	2.9
	95
	4
	3
	3
	11
	21
	2700
	4000

	D4H8A6I6
	58.1
	4.1
	93
	3
	7
	5
	5
	20
	2500
	4500


aMeasured by 1H NMR spectroscopy, bmeasured by gel permeation chromatography in DMAc with 50 mM LiCl at 50 °C at a flow rate of 0.5 mL min-1using poly(methyl methacrylate) standards
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Figure S24. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the D6H6A6I6 RHOs after RAFT polymerization. 
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Figure S25. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the D12H4A4I4 RHOs after RAFT polymerization. 
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Figure S26. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the D4H12A4I4 RHOs after RAFT polymerization. 

[image: A graph of a graph

AI-generated content may be incorrect.]
Figure S27. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the D4H4A4I12 RHOs after RAFT polymerization. 
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Figure S28. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the D4H8A6I6 RHOs after RAFT polymerization.
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Figure S29. SEC chromatograms of D6H6A6I6, D12H4A4I4, D4H12A4I4, D4H4A4I12, and D4H8A6I6 RHOs.



Table S5. Reactivity ratios of D, H, A, and I measured using the Jaacks method.[68]

	#
	DMAEA
	HEA
	AM
	IBA

	D
	-
	1.4
	1.3
	1.2

	H
	1.4
	-
	1.4
	1.2

	A
	0.4
	0.5
	-
	0.6

	I
	1.1
	1.1
	2.1
	-



Table S6. Reactivity ratios of DMAEA, HEA, AM and IBA measured using the Jaacks method.[68]

	AM Excess
	AM
	DMAEA
	HEA
	IBA

	Replicate 1
	31%
	53%
	49%
	45%

	Replicate 2
	35%
	64%
	59%
	53%

	Replicate 3
	32%
	63%
	57%
	53%

	DMAEA Excess
	AM
	DMAEA
	HEA
	IBA

	Replicate 1
	34%
	39%
	33%
	37%

	Replicate 2
	32%
	39%
	26%
	30%

	Replicate 3
	25%
	34%
	26%
	28%

	HEA Excess
	AM
	DMAEA
	HEA
	IBA

	Replicate 1
	66%
	75%
	78%
	71%

	Replicate 2
	66%
	78%
	77%
	74%

	Replicate 3
	70%
	82%
	81%
	76%

	IBA Excess
	AM
	DMAEA
	HEA
	IBA

	Replicate 1
	32%
	58%
	56%
	60%

	Replicate 2
	42%
	59%
	58%
	66%

	Replicate 3
	40%
	67%
	65%
	65%
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Figure. S30. Sample GC-MS chromatogram (A) before and (B) after polymerization.
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Table S7. RAFT polymerizations of ionic RHOs.
	RHOs composition
	Relative vinylic protons signal
	Conversion
(%)a
	DPa
	Expected Mn (g/mol)a
	Mn (g/mol)b

	
	Before polymerization
	After polymerization
	
	
	
	

	T4H8A6I6
	52.4
	0.6
	99
	24
	2900
	2900

	Ac4H8A6I6
	52.3
	1.2
	98
	23
	2300
	4400

	C4H8A6I6
	50.9
	2.7
	95
	23
	2600
	4300

	D2Ac2H8A6I6
	60.2
	3.2
	95
	23
	2400
	3800

	D2C2H8A6I6
	53.4
	2.0
	96
	23
	2600
	4000

	T2Ac2H8A6I6
	47.5
	1.6
	97
	23
	2500
	3200

	T2C2H8A6I6
	57.1
	1.4
	98
	23
	2700
	3700


aMeasured by 1H-NMR spectroscopy, bmeasured by gel permeation chromatography in DMAc with 50 mM LiCl at 50 °C at a flow rate of 0.5 mL min-1using poly(methyl methacrylate) standards
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Figure S31. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the T4H8A6I6 RHOs after RAFT polymerization. 
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Figure S32. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the A4H8A6I6 RHOs after RAFT polymerization. 
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Figure S33. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the C4H8A6I6 RHOs after RAFT polymerization. 
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Figure S34. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the D2A2H8A6I6 RHOs after RAFT polymerization. 
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Figure S35. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the D2C2H8A6I6 RHOs after RAFT polymerization. 
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Figure S36. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the T2A2H8A6I6 RHOs after RAFT polymerization. 
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Figure S37. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and the T2C2H8A6I6 RHOs after RAFT polymerization. 
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Figure S38. SEC chromatograms of T4H8A6I6, A4H8A6I6, C4H8A6I6, D2A2H8A6I6, D2C2H8A6I6, T2A2H8A6I6, and T2C2H8A6I6 RHOs.
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Table S8. RAFT polymerizations of RHOs with different degrees of polymerizations.
	RHOs composition
	Relative vinylic protons signal
	Conversion
(%)a
	DPa
	Expected Mn (g/mol)a
	Mn (g/mol)b

	
	Before polymerization
	After polymerization
	
	
	
	

	DP6
	13.8
	0.1
	99
	6
	700
	1800

	DP12
	41.1
	3.5
	91
	11
	1200
	2900

	DP18
	43.0
	2.2
	95
	17
	1900
	4500

	DP24
	81.7
	4.8
	94
	23
	2600
	5300

	DP36
	88.3
	5.9
	93
	34
	3800
	7316

	DP48
	105.0
	7.6
	93
	45
	5100
	9206


aMeasured by 1H-NMR spectroscopy, bmeasured by gel permeation chromatography in DMAc with 50 mM LiCl at 50 °C at a flow rate of 0.5 mL min-1using poly(methyl methacrylate) standards
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Figure S39. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and DP = 6 RHOs after RAFT polymerization. 
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Figure S40. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and DP = 12 RHOs after RAFT polymerization. 
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Figure S41. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and DP = 18 RHOs after RAFT polymerization. 
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Figure S42. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and DP = 24 RHOs after RAFT polymerization. 
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Figure S43. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and DP =36 RHOs after RAFT polymerization. 
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AI-generated content may be incorrect.]Figure S44. 1H-NMR (400 MHz, d6-DMSO, 32 scans) spectra of monomer solution and DP = 48 RHOs after RAFT polymerization.
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Figure S45. SEC chromatograms of D4H8A6I6 RHOs with DP = 6 to 48.
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Figure S46. Preparative HPLC chromatograms of D4H8A6I6 RHOs using a C-18 column. Batch 1 (A), batch 2 (B), and batch 3 (C) polymerization products. Solvent A = 94.95% v/v water, 5% 2-propanol, 0.05% v/v acetic acid. Solvent B = 93.95% v/v 2-propanol, 5% water, 0.05% acetic acid.
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D				E				        F
	    
	Molar mass (g/mol)
	Dispersity (Đ)

	1
	4980
	1.33

	2
	4670
	1.37

	3
	4980
	1.37

	4
	4880
	1.38

	5
	4680
	1.38

	6
	4620
	1.39

	7
	4580
	1.34

	8
	3940
	1.38
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Figure S47. Size-exclusion chromatograms of HPLC fractions from D4H8I6A6 RHOs. Batch 1 (A), batch 2 (B), and batch 3 (C) polymerization samples. Performed in N,N-dimethylacetamide and detected by refractive index of samples with a multi-angle light scattering detector. (D) GPC traces using methyl methacrylate calibration. (E, F) Molecular weights and dispersities of fractionated RHOs. 


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	1
	1
	(9.8 ÷ 2) × 0.5 + 
(31.4 ÷ 6) × 0.5 = 5.1
	14.3 ÷ 2 = 7.2
	28.3 ÷ 6 = 4.7
	11.6 ÷ 2 = 5.8
	22.7
	2800 Da
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Figure S48. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 1, Fraction 1 RHOs.
 


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	1
	2
	(9.5 ÷ 2) × 0.5 + 
(31.0 ÷ 6) × 0.5 = 5.0 
	15.4 ÷ 2 = 7.7
	32.6 ÷ 6 = 5.4
	12.0÷ 2 = 6.0
	24.1
	3000 Da
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Figure S49. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 1, Fraction 2 RHOs.
 


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	1
	3
	(9.6 ÷ 2) × 0.5 + 
(29.7 ÷ 6) × 0.5 = 4.9 
	16.2 ÷ 2 = 8.1
	38.5 ÷ 6 = 6.4
	11.7 ÷ 2 = 5.9
	25.2
	3100 Da
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Figure S50. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 1, Fraction 3 RHOs.
 


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	1
	4
	(7.7 ÷ 2) × 0.5 + 
(25.8 ÷ 6) × 0.5 = 4.1 
	16.5 ÷ 2 = 8.3
	40.7 ÷ 6 = 6.8
	12.2 ÷ 2 = 6.1
	25.2
	3100 Da
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Figure S51. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 1, Fraction 4 RHOs.



	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	1
	5
	(7.0 ÷ 2) × 0.5 + 
(23.1 ÷ 6) × 0.5 = 3.7 
	16.5 ÷ 2 = 8.3
	43.2 ÷ 6 = 7.2
	11.7 ÷ 2 = 5.9
	25.0
	3100 Da
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Figure S52. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 1, Fraction 5 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	1
	6
	(5.7 ÷ 2) × 0.5 + 
(21.9 ÷ 6) × 0.5 = 3.3 
	14.5 ÷ 2 = 7.3
	47.9 ÷ 6 = 8.0
	11.7 ÷ 2 = 5.9
	24.4
	3000 Da
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Figure S53. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 1, Fraction 6 RHOs.



	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	1
	7
	(4.6 ÷ 2) × 0.5 + 
(19.0 ÷ 6) × 0.5 = 2.7 
	15.0 ÷ 2 = 7.5
	50.3 ÷ 6 = 8.4
	11.5 ÷ 2 = 5.7
	24.4
	3000 Da
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Figure S54. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 1, Fraction 7 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	1
	8
	(4.6 ÷ 2) × 0.5 + 
(18.1 ÷ 6) × 0.5 = 2.7 
	14.7 ÷ 2 = 7.4
	53.9 ÷ 6 = 9.0
	10.8 ÷ 2 = 5.4
	24.4
	3000 Da
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Figure S55. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 1, Fraction 8 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	2
	1
	(9.0 ÷ 2) × 0.5 + 
(31.3 ÷ 6) × 0.5 = 4.9 
	16.8 ÷ 2 = 8.4
	27.7 ÷ 6 = 4.6
	10.4 ÷ 2 = 5.2
	23.0
	2900 Da
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Figure S56. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 2, Fraction 1 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	2
	2
	(8.5 ÷ 2) × 0.5 + 
(31.6 ÷ 6) × 0.5 = 4.8 
	16.3 ÷ 2 = 8.2
	31.7 ÷ 6 = 5.3
	9.8 ÷ 2 = 4.9
	23.1
	2900 Da
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Figure S57. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 2, Fraction 2 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	2
	3
	(8.2 ÷ 2) × 0.5 + 
(31.6 ÷ 6) × 0.5 = 4.7 
	16.9 ÷ 2 = 8.5
	38.7 ÷ 6 = 6.5
	13.8 ÷ 2 = 6.9
	26.5
	3200 Da
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Figure S58. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 2, Fraction 3 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	2
	4
	(7.7 ÷ 2) × 0.5 + 
(30.6 ÷ 6) × 0.5 = 4.5 
	17.2 ÷ 2 = 8.6
	43.7 ÷ 6 = 7.3
	9.6 ÷ 2 = 4.8
	25.2
	3200 Da
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Figure S59. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 2, Fraction 4 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	2
	5
	(6.6 ÷ 2) × 0.5 + 
(27.7 ÷ 6) × 0.5 = 4.0 
	16.9 ÷ 2 = 8.5
	46.7 ÷ 6 = 7.8
	13.1 ÷ 2 = 6.6
	26.7
	3300 Da
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Figure S60. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 2, Fraction 5 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	2
	6
	(5.7 ÷ 2) × 0.5 + 
(23.5 ÷ 6) × 0.5 = 3.4 
	15.2 ÷ 2 = 7.6
	46.8 ÷ 6 = 7.8
	8.0 ÷ 2 = 4.0
	22.8
	2900 Da
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Figure S61. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 2, Fraction 6 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	2
	7
	(5.2 ÷ 2) × 0.5 + 
(20.1 ÷ 6) × 0.5 = 3.0 
	14.7 ÷ 2 = 7.4
	48.7 ÷ 6 = 8.1
	11.5 ÷ 2 = 5.8
	24.2
	3000 Da
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Figure S62. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 2, Fraction 7 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	2
	8
	(4.2 ÷ 2) × 0.5 + 
(15.5 ÷ 6) × 0.5 = 2.3 
	13.6 ÷ 2 = 6.8
	47.3 ÷ 6 = 7.9
	10.7 ÷ 2 = 5.4
	242.4
	2800 Da
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Figure S63. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 2, Fraction 8 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	3
	1
	(8.6 ÷ 2) × 0.5 + 
(27.9 ÷ 6) × 0.5 = 4.5 
	14.7 ÷ 2 = 7.4
	24.7 ÷ 6 = 4.1
	12.4 ÷ 2 = 6.2
	22.1
	2700 Da
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Figure S64. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 3, Fraction 1 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	3
	2
	(7.8 ÷ 2) × 0.5 + 
(26.8 ÷ 6) × 0.5 = 4.2 
	14.1 ÷ 2 = 7.1
	27.6 ÷ 6 = 4.6
	11.5 ÷ 2 = 5.8
	21.6
	2700 Da
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Figure S65. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 3, Fraction 2 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	3
	3
	(7.6 ÷ 2) × 0.5 + 
(25.8 ÷ 6) × 0.5 = 4.1 
	12.5 ÷ 2 = 6.3
	31.2 ÷ 6 = 5.2
	12.4 ÷ 2 = 6.2
	21.7
	2700 Da
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Figure S66. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 3, Fraction 3 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	3
	4
	(6.4 ÷ 2) × 0.5 + 
(24.1 ÷ 6) × 0.5 = 3.6 
	12.6 ÷ 2 = 6.3
	32.9 ÷ 6 = 5.5
	11.0 ÷ 2 = 5.5
	20.9
	2700 Da
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Figure S67. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 3, Fraction 4 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	3
	5
	(6.5 ÷ 2) × 0.5 + 
(23.6 ÷ 6) × 0.5 = 3.6 
	14.2 ÷ 2 = 7.1
	42.3 ÷ 6 = 7.1
	13.5 ÷ 2 = 6.8
	24.5
	3000 Da
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Figure S68. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 3, Fraction 5 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	3
	6
	(6.0 ÷ 2) × 0.5 + 
(20.6 ÷ 6) × 0.5 = 3.2 
	13.3 ÷ 2 = 6.7
	46.4 ÷ 6 = 7.7
	12.9 ÷ 2 = 6.5
	24.1
	3000 Da
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Figure S69. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 3, Fraction 6 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	3
	7
	(4.9 ÷ 2) × 0.5 + 
(17.3 ÷ 6) × 0.5 = 2.7 
	12.9 ÷ 2 = 6.5
	47.6 ÷ 6 = 7.9
	12.6 ÷ 2 = 6.3
	23.4
	2800 Da
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Figure S70. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 3, Fraction 7 RHOs.


	Batch
	Fraction
	DMAEA (w)
	HEA (x)
	IBA (y)
	AM (z)
	DP
	Mn, NMR

	3
	8
	(4.6 ÷ 2) × 0.5 + 
(15.8÷ 6) × 0.5 = 2.5 
	11.9 ÷ 2 = 6.0
	50.5 ÷ 6 = 8.4
	11.5 ÷ 2 = 5.8
	22.6
	2800 Da
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Figure S71. 1H-NMR (600 MHz, d6-DMSO, 64 scans) analysis for Batch 3, Fraction 8 RHOs.







Table S9. 1H NMR spectroscopy analysis of fractionated D4H8A6I6 RHOs.

	
	Fraction No.
	D
	H
	A
	I
	Total
	Molar mass (g/mol)
	%D
	%H
	%A
	%I

	Batch 1
	1
	5.1
	7.2
	5.8
	4.7
	23
	2800
	22.3
	31.5
	25.5
	20.7

	
	2
	5.0
	7.7
	6.0
	5.4
	24
	3000
	20.6
	32.0
	24.9
	22.6

	
	3
	4.9
	8.1
	5.9
	6.4
	25
	3100
	19.3
	32.1
	23.1
	25.4

	
	4
	4.1
	8.3
	6.1
	6.8
	25
	3100
	16.2
	32.7
	24.2
	26.9

	
	5
	3.7
	8.3
	5.9
	7.2
	25
	3100
	14.7
	33.0
	23.4
	28.8

	
	6
	3.3
	7.3
	5.9
	8.0
	24
	3000
	13.4
	29.8
	24.1
	32.8

	
	7
	2.7
	7.5
	5.7
	8.4
	24
	3000
	11.2
	30.8
	23.6
	34.4

	
	8
	2.7
	7.4
	5.4
	9.0
	24
	3000
	10.9
	30.1
	22.1
	36.8

	Batch 2
	1
	4.9
	8.4
	5.2
	4.6
	23
	2900
	21.1
	36.4
	22.5
	20.0

	
	2
	4.8
	8.2
	4.9
	5.3
	23
	2900
	20.6
	35.3
	21.3
	22.8

	
	3
	4.7
	8.5
	6.9
	6.5
	26
	3200
	17.7
	32.0
	26.0
	24.4

	
	4
	4.5
	8.6
	4.8
	7.3
	25
	3200
	17.8
	34.2
	19.1
	28.9

	
	5
	4.0
	8.5
	6.6
	7.8
	27
	3300
	14.8
	31.6
	24.5
	29.1

	
	6
	3.4
	7.6
	4.0
	7.8
	23
	2900
	14.9
	33.4
	17.6
	34.2

	
	7
	3.0
	7.4
	5.8
	8.1
	24
	3000
	12.3
	30.4
	23.8
	33.6

	
	8
	2.3
	6.8
	5.2
	7.9
	22
	2800
	10.6
	30.7
	23.2
	35.6

	Batch 3
	1
	4.5
	7.4
	6.2
	4.1
	22
	2700
	20.2
	33.2
	28.0
	18.6

	
	2
	4.2
	7.1
	5.8
	4.6
	22
	2700
	19.4
	32.7
	26.6
	21.3

	
	3
	4.1
	6.3
	6.2
	5.2
	22
	2700
	18.7
	28.7
	28.7
	24.0

	
	4
	3.6
	6.3
	5.5
	5.5
	21
	2600
	17.3
	30.2
	26.3
	26.2

	
	5
	3.6
	7.1
	6.8
	7.1
	24
	3000
	14.7
	29.0
	27.6
	28.8

	
	6
	3.2
	6.7
	6.5
	7.7
	24
	3000
	13.4
	27.7
	26.8
	32.2

	
	7
	2.7
	6.5
	6.3
	7.9
	23
	2800
	11.4
	27.6
	27.0
	34.0

	
	8
	2.5
	6.0
	5.8
	8.4
	23
	2800
	10.9
	26.4
	25.5
	37.3
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Figure S72. Monomer compositions analysis of fractionated D4H8I6A6 RHOS by 1H-NMR spectroscopy. Batch 1 (A), batch 2 (B), and batch 3 (C) polymerization samples.
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Figure S73. Fluorescence enhancement of GFP for HPLC fractions of D4H8I6A6 RHOs. GFP activity enhancement from batch 1 (A), batch 2 (B), and batch 3 (C). Comparison of RHO concentration using UV-vis for batch 1 (D), batch 2 (E), and batch 3 (F) RHOs. Error bars = standard error of the mean, N = 3 per data point.
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D				     E					F
          	               	         	   		  Kd, μM
Crude 	  0.83 ± 0.06
F1	  0.34 ± 0.03
F8	  2.2   ± 0.5 
	  Kd, μM
Crude 	  0.97 ± 0.10
F1	  0.51 ± 0.04
F8	  3      ± 2 
	  Kd, μM
Crude 	  1.1   ± 0.1
F1	  0.50 ± 0.04
F8	  3      ± 2 


Figure S74. Determination of equilibrium dissociation constants for D4H8I6A6 RHOS for the crude (i.e., polymerization products), fraction 1 (F1), and fraction 8 (F8). Concentration-activity plots for RHOS polymerization batch 1 (A), batch 2 (B), and batch 3 (C). Error bars = standard error, N = 3 per data point. Calculated Kd,app for RHOS polymerization batch 1 (D), batch 2 (E), and batch 3 (F).






  

 
 [image: A close-up of several blotches

AI-generated content may be incorrect.]

Figure S75. Native polyacrylamide gel electrophoresis of RHOs–GFP samples. Detected by fluorescence emission at 526 nm (excitation at 488 nm). To highlight mobility differences, samples were loaded at different concentrations to reduce band intensity.
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Figure S76. Raw DLS data, four replicates. (A) D5H8A5I5–GFP; (B) D2H7A5I8–GFP; and (C) GFP.
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Figure S77. UV-vis spectra of GFP (gray), F1+GFP (blue), and F8+GFP (orange) samples used in DLS analysis. The thiocarbonylthio group of the chain transfer agent absorbs at 309 nm. The chromophore of GFP absorbs at 395 and 465 nm. The spectra are normalized to samples containing GFP only (gray).
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Figure S78. (A) Comparison of CD spectra of GFP, fraction-GFP, and fraction 1 samples at 25 °C. (B) Characteristic spectral changes of GFP in native conformation (298 K) and when thermally denatured (378 K). (C) CD spectra for fraction 1-GFP sample from 50-64 °C where melting temperature was measured at 233 nm.


Table S10. The name, one-letter sequences, and chemical structures for
three D5H8A5I5 and two D2H7A5I8 sequences.[image: A computer screen shot of a computer
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Table S11. Hydrophobicity (LogP), polar surface area (PSA), and partial atomic charge characteristics of the monomers. Charge range is calculated as the difference between the maximum and minimum partial charges from Gasteiger charge analysis.
	Molecule
	LogP (Hydrophobicity)
	PSA (Å²)
	Charge Range
	Max Partial Charge
	Min Partial Charge

	DMEA (Neutral)
	0.11
	29.54
	0.767
	0.302
	-0.465

	DMEA (Charged) (D)
	-1.31
	30.74
	0.807
	0.347
	-0.460

	HEA (H)
	-0.46
	46.53
	0.766
	0.302
	-0.463

	IBA (I)
	1.21
	26.30
	0.768
	0.302
	-0.466

	ACM (A)
	-0.51
	43.09
	0.584
	0.214
	-0.370
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Figure S79. Collective Variables (CVs) used to explore the GFP protein in WTMD simulations. (A) Top view of the virtual cylinder placed around the GFP, showing the radial dimensions. The oligomers explored regions between the protein surface and the cylinder wall in the CV1 (θ-angle) space. (B) Side view of the virtual cylinder, illustrating the vertical extent along the z-axis. The oligomers sampled positions along this axis, corresponding to CV2 (z-coordinate). (C) shows the flattened 2-dimensional map of the GFP residues in CV space. The β-strand (β1 to β11) residues are highlighted in color, and the helix or coil residues are shown as grey points. (D) shows the top and (E) side view of the GFP, with polar and non-polar residues highlighted in pink and green on the surface representation. (F) shows the flattened 2-dimensional map of the GFP colored according to the polar and non-polar residues. Out of 253 (+1 CRO) residues, 125 (52.1%) residues are polar and 115 (47.9%) are non-polar with the average hydrophobicity being -0.44 on the Kyte-Doolittle scale[122] indicating an overall hydrophilic nature of the GFP protein. A detailed analysis shows that out of the total solvent-accessible surface area (SASA) of GFP, 35727  (54.7%) is contributed by polar residues, while 29589  (45.3%) arises from non-polar residues.
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Figure S80. Exploration of the collective variable (CV) space by COM of the three oligomer sequences: (A)–(B) for F1-Seq1, (C)–(D) for F1-Seq2, and (E)–(F) for F1-Seq3 for replica 1 and (G)–(H) for F1-Seq1, (I)–(J) for F1-Seq2, and (K)–(L) for F1-Seq3 for replica 2. Overall, the COM of the oligomers exhibited thorough sampling across both CV1 (θ-angle) and CV2 (z-coordinate).
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Figure S81. Exploration of the collective variable (CV) space by COM of the two oligomer sequences: (A)–(B) for F8-Seq1 and (C)–(D) for F8-Seq2 for replica 1 and (E)–(F) for F8-Seq1 and (G)–(H) for F8-Seq2 for replica 2. Overall, the COM of the F8 oligomers exhibited explorative sampling across CV1 (θ-angle) and CV2 (z-coordinate).
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Figure S82. Exploration of the collective variable (CV) space by COM of the 23-mer PEG sequence across (A) CV1 (θ-angle) and (B) CV2 (z-coordinate). (C) shows the difference between the free energy minima I (state A) and II (state B) in WTMD for replica 1. (D)–(F) show the same for replica 2.
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Figure S83. Convergence of the free energy difference between minima I (state A) and II (state B) in WTMD simulation for the three F1 sequences: (A - C) for replica 1 and (D - F) for replica 2.
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Figure S84. Convergence of the free energy difference between minima I (state A) and II (state B) in WTMD simulation for the two F8 sequences: (A - B) for replica 1 and (C - D) for replica 2.


Table S12. Comparison of normalized binding depths of the minimums ⟨M<10⟩ compared to the ensemble of the shallower binding states ⟨M>10⟩ for F1, F8, and the PEG systems from two replica WTMD simulations. The count of M<10 minima wells is indicated based on their location on the GFP barrel and loop regions, respectively.
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Figure S85. The bar plots show the energy of the minima points with their normalized count for D5H8A5I5, D2H7A5I8 compositions, and PEG for replica 1. The red and green bars correspond to M<10 and M>10 minimum point free energies.
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Figure S86. The bar plots show the energy of the minima points with their normalized count for D5H8A5I5, D2H7A5I8 compositions, and PEG for replica 2. The red and green bars correspond to M<10 and M>10 minimum point free energies.
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Figure S87. (A) Normalized free energy surface for the F1-Seq1 oligomer for replica 2. The two minima locations on the free energy surface are labeled as I and II. (B) shows the GFP protein with favorable oligomer binding locations for I and II as dark blue/cyan surfaces. (C) Normalized free energy surface for the F8-Seq1 oligomer for replica 2. (D) shows the surface representation of the two energetically favorable binding locations, I and II.
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Figure S88. (A) Normalized free energy surface for the F1-Seq2 oligomer for replica 1. The two minima locations on the free energy surface are labeled as I and II. (B) shows the GFP protein with favorable oligomer binding locations for I and II as dark blue/cyan surfaces. (C) Normalized free energy surface for the F1-Seq3 oligomer. (D) shows the surface representation of the two energetically favorable binding locations, I and II. The corresponding plots for replica 2 are shown in (E) - (F) for F1-Seq2 and (G) - (H) for F1-Seq3. 
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Figure S89. (A) Normalized free energy surface for the F8-Seq2 oligomer for replica 1. The two minima locations on the free energy surface are labeled as I and II. (B) shows the GFP protein with favorable oligomer binding locations for I and II as dark blue/cyan surfaces. The corresponding normalized free energy surface and the binding locations are shown in (C) and (D), respectively, for replica 2.
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Figure S90. (A) Normalized free energy surface for PEG replica 1. The two minima locations are labeled as I and II on the free energy surface. (B) shows the GFP protein with favorable PEG binding locations for I and II as dark blue/cyan surfaces. The corresponding normalized free energy surface and the binding locations are shown in (C) and (D), respectively, for replica 2.

Movie S1. (Link) Showing the top and side view of the GFP protein, along with the virtual cylinder and oligomer exploring the surface for F1, F8, and PEG. The movie shows the evolution of the free energy surface over time. The movie ends with two labeled minima and a side view of sites  and .  
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Figure S91. Structures of the monomers (left) and their modified structure (right) for parameterization in POLTYPE2. a) Acrylamide (A), b) IBA (I), c) HEA (H), d) DMAEA (D), e) the propanoic acid derivative at the terminal R-group, f) the 3-(thio(carbonothioyl)thio)propanoic acid unit at the terminal Z-group. The tertiary carbon, α to the carbonyl (or thiocarbonyl) group, is labelled as Cα and is used as the reference point for calculating distances from protein residues.
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Figure S92. a) Structure of the chromophore. The four fragments used for parametrization are shown in red, green, blue and pink. The gray fragments are Val and Leu residues from GFP, covalently bound to the chromophore. b) Fragments 1 to 4 of the chromophore as parameterized in POLTYPE2, with the atoms and bonds in gray added to mimic the electronic environment of the fragments. Fragment 3 is bonded to Leu and fragment 4 to Val.
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Figure S93. Root Mean Square Deviation (RMSD) of the GFP backbone atoms over the course of the 100 ns simulation for the oligomers.
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Figure S94. Components of the IE for each monomer over time, shown as mean ± standard deviation.
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Figure S95. IEs of the oligomers with the GFP over the course of the 100 ns AMOEBA MD simulation.
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Figure S96. ((A) top and (B) bottom) – (A) Heatmap of IEs between F1 Seq 1 I and GFP residues over the duration of the polarizable MD. (B) Average pairwise IE between the monomers of F1 Seq 1 I and GFP residues.
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Figure S97. Average pairwise IE between the monomers of F1 Seq 1 II and GFP residues. The heatmap of IEs with F1 Seq 1 II for each of the GFP residues over time is included in the main text.
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Figure S98. ((A) top and (B) bottom) – (A) Heatmap of IEs between F1 Seq 2 I and GFP residues over the duration of the polarizable MD. (B) Average pairwise IE between the monomers of F1 Seq 2 I and GFP residues.
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Figure S99. ((A) top and (B) bottom) – (A) Heatmap of IEs between F1 Seq 2 II and GFP residues over the duration of the polarizable MD. (B) Average pairwise IE between the monomers of F1 Seq 2 II and GFP residues.
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Figure S100. Average pairwise IE between the monomers of F8 Seq 1 I and GFP residues. The heatmap of IEs with F8 Seq 1 I for each of the GFP residues over time is included in the main text.
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Figure S101. ((A) top and (B) bottom) – (A) Heatmap of IEs between F8 Seq 1 II and GFP residues over the duration of the polarizable MD. (B) Average pairwise IE between the monomers of F8 Seq 1 II and GFP residues.
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Figure S102. Residence times (in ns) of each RHO within 20 Å of GFP. The ranking of total residence time where at least one of the monomers is < 20 A of GFP yields F1 Seq 1 (100 ns) > F1 Seq 2 (93 ns) > F8 Seq 1 (27 ns) > PEG Seq 1 (17 ns).
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Figure S103. – Histogram of the generated oligomer lengths from the Monte Carlo simulation compared to the theoretical distribution. The values in parentheses show the simulated mean oligomer length (22.50) and the simulated dispersity (1.21).
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Figure S104. ((A) top and (B) bottom) – Composition similarity comparison of the generated oligomers to the (A) “best” (D5H8A5I5 - F1) (B) “worst” (D2H7A5I8 - F8) compositions. The red line shows the cutoff for 95% composition similarity.
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