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Computational Methodology

System Setup:

Eight all-atom REST-MD simulations!- > were performed using the Gromacs v 2021.1 software
package,’ one for each of the eight bioconjugate molecules. Each simulation system comprised
one bio-conjugate molecule, one periodic graphene sheet, and liquid water (~18,000 water
molecules). The graphene sheet was placed in an orthorhombic periodic simulation cell with
dimensions 8.9nm x 8.9nm x 7.5nm, oriented in the x-y plane. The vertical inter-sheet gap between
graphene and its periodic image (along the z-dimension) was filled with liquid water and counter-
ions. All simulations were performed in the Canonical (NV'T) ensemble at 300 K, using the Nose-
Hoover thermostat.* 3 at a thermal temperature of 300K, with a coupling constant of t=0.2 ps.
Newton’s equations of motion were solved with an integration time-step of 1fs. Coordinates were
saved every lps. Long-ranged electrostatic interactions were treated using Particle-mesh Ewald
(PME),® with a cut-off at 11 A, whereas a force-switched cut-off ending at 10 A was used for the
Lennard-Jones non-bonded interactions. A previously-tested force-field combination was used
comprising CHARMM?22*7- 8 for the peptides (with parameter modifications to describe the
maleimide-mediated fatty acid linkage, as reported previously)® and the polarizable GRAPPA!?
force-field for graphene, along with the modified TIP3P'! 2 force-field for water.Following
previous work,!3 14 all carbon atoms in the graphene sheet were held fixed in space during these
simulations except those dipoles which were able to freely rotate.

REST-MD Simulation Details:

In these REST-MD simulations, 20 replicas were used with an ‘effective temperature‘ range of
300-430 K. The initial structures of the 20 replicas were based on those used from a previous study
of PICF g and F;(CP1."3 The REST-MD trajectories were of 20 ns duration (amounting to 20 x 20
ns = 0.4 us of nominal total simulation time). The 20 values of lambda used to scale the force-field
were: A; =0.0 0.0526 0.1053 0.1579 0.2105 0.2632 0.3158 0.3684 0.4211 0.4737 0.5263 0.5789
0.6316 0.6842 0.7368 0.7895 0.8421 0.8947 0.9474 and 1.000. The 20 initial configurations were
energy minimized and then equilibrated at their target potential for 0.5 ns, with no exchange moves
attempted during this period. During the replica exchange period, exchanges were attempted every
I ps.

Simulation Analysis:

The degree of residue-surface contact was determined by calculating the fraction of the total
REST-MD reference trajectory (i.e. the trajectory that corresponds to the unscaled Hamiltonian,
A=0.0) that a reference site on a residue was less than or equal to a cutoff distance of the graphene
surface, calculated by using the perpendicular component of the distance only (in the z-direction).
The reference sites and cutoff-distances (for graphene) were the same as those used in previous
work!* and are provided in Table S1 for convenience.
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Table S1. Summary of cut-off distances and reference sites used to determine residue-surface contact.

Residue Reference Site and Cutoff

Distance (A) on Graphene

Ala CB, 5A
Asp CG, 5A
Asn ND2, 4.5A
Cys SG, 4.5A
Gln NE2, 4.5A
His Center of mass of ring, 4.5A
Leu CG, 5A
Lys NZ, 6A
Phe Center of mass of ring, 4A
Ser 0G, 4.25A
Thr 0G1, 4.25A
Trp Mid of central bond, 3.7A
Tyr Center of mass of ring, 4A
Val CB, 5A
Cx in Fx C1-C10, 4A

To determine the Boltzmann-weighted ensemble of peptide conformations, the Daura clustering
algorithm,!Swith a 2.5 A cutoff for the RMDS in atomic positions for the entire bioconjugate
backbone (the peptide backbone and all heavy atoms on the fatty acid chain) was employed. A
similar analysis was conducted just for the peptide backbone only (neglecting the fatty acid chain),
using a cutoff of 2.0 A. These cutoffs have been established from previous work and are used here
to enable compatibility in comparing with past studies. The clustering analysis was performed over
the full 20,001 frames of the reference (A=0.0) trajectory. The percentage population of each
distinct structure was determined from the fraction of the total 20,001 frames that were assigned
to that distinct structure.

The discrete conformational entropy based on the cluster analysis is defined as

N
c

i=1

where p; is the fractional population (between 0 and 1) of the ith cluster, and N, is the total number
of clusters.
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Figure S2. MALDI-TOF Mass Spectroscopy analysis Zieft) and chromatogram of HPLC (right) for F¢CP1.
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Figure S1. MALDI-TOF Mass Spectroscopy analysis (left) and chromatogram of HPLC (right) for P1CFs.
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Figure S3. MALDI-TOF Mass Spectroscopy analysis (left) and chromatogram of HPLC (right) for P1CFs.

ass7rer

T T T
21.00 22.00 2300

Minudes

T T T
18.00 19.00 20.00 24.00

0124

0104

0.084

0.06

0.044

0.024

-

489 ChA 215nm

2000 2100 200 2300

Minutes:

17100 18.00 1900

Figure S4. MALDI-TOF Mass Spectroscopy analysis (left) and chromatogram of HPLC (right) for FsCP1.
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Figure S6. MALDI-TOF Mass Spectroscopy analysis (left) and chromatogram of HPLC (right) for F,(,CP1.
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Figure S7. MALDI-TOF Mass Spectroscopy analysis (left) and chromatogram of HPLC (right) for P1CF 5.
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Figure S8. MALDI-TOF Mass Spectroscopy analysis (left) and chromatogram of HPLC (right) for F,,CP1.
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Figure S9. Dissipation energy of fatty-acid modified peptides for chain length 6-10 at N- and C-termini.
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Figure S13. The AFM image of P1 on HOPG (left) and CD of P1 peptide in aqueous solution (right).
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Table S2. Summary of the predicted enthalpic binding score (kJ mol!') expressed as the total score and partition into
contributions from the peptide (labelled P1) and the fatty acid (labelled Fn, n=6,8,10,12) domains.

F6CP1
F6
P1

F8CP1
F8
P1

F10CP1
F10
P1

F12CP1
F12
P1

-119.1
-44.3
-64.9

-137.3
-62.3
-64.5

-145.8
-75.1
-60.4

-162.2
-89.8
-62.1

Binding scores (kJ/mol)

<

<

>

P1CF6
F6
P1

P1CF8
F8
P1

P1CF10
F10
P1

P1CF12
F12
P1

-115.9
-26.7
-81.2

-126.8
-44.7
735

-147.5
-63.4
-75.5

-158.1
-74.2
-74.5

Table S3. S...¢values (dimensionless) calculated for each of the bioconjugates considered in this study.

Sconf
2.852 P1CF6
2.38 P1CF8
2.531 P1CF10
2.917 P1CF12

S10

2.362
2.32
2.704
2.869
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Figure S16. Cross-cluster analysis based on clustering of the P1 backbone atomic positions within the bioconjugate molecules.
Comparison of peptide structural similarities for the top five most likely structures, based on root mean squared deviation of
backbone atom positions (in units of A). Values of 2.0 A or less indicate a match.
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Figure S17. Cross-cluster analysis based on clustering of the P1 backbone atomic positions within the bioconjugate molecules.
Comparison of peptide structural similarities for the top five most likely structures, based on root mean squared deviation of
backbone atom positions (in units of A). Values of 2.0 A or less indicate a match.
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comparing different chain lengths but keeping the attachment point fixed (N-terminal). Comparison of peptide structural
similarities for the top five most likely structures, based on root mean squared deviation of backbone atom positions (in units of
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