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S1 Free Energy Calculation by Alchemical Transfer

The free energy ∆G associated with the extraction of one ELP monomer from the ELP

membrane to the water region is employed as our proxy measurement of the thermodynamic

stability of a ELP membrane, and by extension, the entire bilayer ELP vesicle. We esti-

mate ∆G using the recently proposed alchemical transfer approach1–4 in which a molecule

is decoupled in the one phase and a “ghost” molecule placed in the other phase is simul-

taneously coupled. This circumvents the need for co-alchemical ions to maintain charge

neutrality, as required in the double decoupling method (DDM)5–7, and enables the calcu-

lation of free energy calculation in a single set of simulations to reduce computational time

and resources.

S1.1 Thermodynamic Pathway

The total free energy ∆G for the extraction process of an ELP out of a bilayer membrane is

given by the expression,

∆G = −kBT ln
Zsol
Zmem

= −kBT ln

( ∫
Ωsol

e−βU(r) dr∫
Ωmem

e−βU(r) dr

)
, (S1)

where Z is the configuration partition function and Ωsol, Ωmem represent the configuration

space domains of the interacting ELP in the bulk water and membrane states, respectively.

The free energy ∆G can be computed by a series of transformations following a thermody-

namic path connecting the initial state and the final state as illustrated in Figure S1. In

the initial state of the simulation, an unrestrained ELP within a relaxed bilayer (ELP2) is

chosen for alchemical free energy calculation. A duplicate of the ELP is introduced into the

aqueous phase (ELP1) in a fully decoupled state with harmonic restraints applied to both

termini to maintain its position and orientation in the solvent. As the system progresses to-

ward the final state, the ELP in the water phase becomes fully coupled to the environment,
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allowing it to interact freely with the solvent and ions. Simultaneously, the ELP within the

membrane is decoupled from the system, and harmonic restraints are applied to its ends to

maintain its position and orientation during the free energy calculation process. The free

energy difference for the complete process – removal of an ELP from the membrane into the

solvent – along this pathway can be written as,

∆G = ∆G#1
res + ∆Gtransfer + ∆G#2

res + ∆Gcorrection, (S2)

where each term corresponds to the free energy associated with the realization of each step in

Figure S1. In the following sections, we describe the details and implementation for obtaining

each free energy component.

S1.2 Free Energy Perturbation: Harmonic Springs (1) (∆G#1
res)

The first stage in our alchemical free energy calculation involves the application of har-

monic restraints on both termini of ELP2 embedded in the membrane. These restraints

are introduced to preserve the positional and orientational alignment of the ELP2 within

the membrane during subsequent steps when the ELP2 is partially or fully decoupled from

its environment. Such restraint protocols are commonly employed in protein-ligand binding

free energy calculations to prevent the bound ligand from drifting out of the binding site

during decoupling. The free energy change associated with introducing these restraints is

given by,

∆G#1
res = −kBT ln

Z1=,2=

mem

Z1=
mem

= −kBT ln

∫Ωmem
e−β[U(r)+u=1 +u=2 ] dr∫

Ωmem
e−β[U(r)+u=1 ]dr

,

 , (S3)

where the “=” superscript indicates that each terminus is restrained, and Z1=

mem and Z1=,2=

mem

represent the configurational partition functions before and after the restraints are applied

to ELP2. We employ a mem subscript on these partition functions to remind us that
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Figure S1: An illustration depicting the alchemical transfer method for computing the ∆G of
the extraction of an ELP from membrane to water region, where the “–” symbol denotes that one
end of the ELP is restrained by a harmonic potential while the “=” symbol denotes that both ends
are restrained by harmonic potentials. In the initial state, the selected monomer (ELP2) from the
membrane is unrestrained and interacting with the environment. A “ghost” version of this ELP is
then duplicated and inserted to the water region with both ends restrained by harmonic potentials.
In the first step, the harmonic restraints are gradually imposed on the C and N-termini of ELP2
to obtain ∆G#1

res. Secondly, the ELP2 in membrane is gradually decoupled and the “ghost” ELP1
in bulk water is coupled simultaneously to acquire ∆Gtransfer. Finally, harmonic potential on the
lower tail of ELP1 in water is gradually released to obtain the ∆G#2

res to account the ELP in water
to relax its internal configurational degrees of freedom while prohibiting translational motion of the
molecule through the single harmonic restraint. The final extraction free energy ∆G is acquired by
summing all the contributions and applying an entropic correction to the prevailing concentration
by performing an analytical correction for the translational restraint applied to the terminal ELP
in water.

it is the membrane ELP that is coupled to the environment. The additional potential

energy terms from the harmonic restraint on both ends of ELP1 and ELP2 take the form

of u=
1 = 1

2
K[(zN1 − ξN1 )2 + (zC1 − ξC1 )2] and u=

2 = 1
2
K[(zN2 − ξN2 )2 + (zC2 − ξC2 )2]. In practice,

harmonic restraints were applied to both termini of ELP2 with a final force constant of
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5000 kJ.mol−1.nm−2, maintaining the Z-component of the center-of-mass (COM) distance

between each terminus and the membrane. The restraints were gradually introduced across

12 λ windows with the values λ = [0.0, 0.0001, 0.0002, 0.0005, 0.001, 0.005, 0.01, 0.05, 0.1,

0.2, 0.5, 1.0], where this choice of windows was optimized by trial and improvement.

Physically, ∆G#1
res corresponds to the transition from State 1 to State 2 in Figure S1, wherein

commencing from an initial state with a fully coupled ELP in the membrane and a fully

decoupled ELP in the solvent with both termini restrained, we turn on the two termini

restraints for the ELP in the membrane. This is necessary since we will be decoupling

the membrane ELP in the next step and these constraints are required to stop it from

collapsing or drifting within the box to improve the efficiency of free energy estimates along

the thermodynamic cycle.

S1.3 Free Energy Perturbation: Alchemical Transfer (∆Gtransfer)

In the next stage, we perform an alchemical transformation where the interactions of ELP2

within the membrane are turned off while simultaneously turning on interactions of ELP1 in

the aqueous phase. This effectively models the reversible transfer of an ELP molecule with

both termini harmonically restrained from the membrane to the solvent. The associated free

energy change is given by,

∆Gtransfer = −kBT ln
Z1=,2=

sol

Z1=,2=
mem

= −kBT ln

 ∫
Ωsol

e−β[U(r)+u=1 +u=2 ] dr∫
Ωmem

e−β[U(r)+u=1 +u=2 ] dr

 , (S4)

where the partition functions Z1=,2=

mem and Z1=,2=

sol correspond to fully restrained coupled ELP

configurations in the membrane and solvent, respectively. The change in subscript from

mem in the initial state to sol in the final state reminds us that the coupled ELP switches

from the membrane state to the solvated state. This transfer is illustrated in the transition

from State 2 to State 3 in Figure S1.
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The transformation was carried out over 41 equally spaced λ windows with an interval of

0.025, using a dual-topology scheme where Lennard-Jones (LJ) and electrostatic interactions

were progressively switched on/off for ELP1 and ELP2. During the transfer process, the soft-

core potentials8 for both Lennard Jones (LJ) and electrostatic interactions in the following

forms were employed to avoid the well-known endpoint singularity effects in the vicinity of

λ = 0 and 1,

U sc
vdW (λ) =


λn4ε

[
1(

αLJ (1−λ)2+( rσ )
6
)2 − 1

αLJ (1−λ)2+( rσ )
6

]
r < rc

0 r ≥ rc

, (S5)

U sc
Q (λ) = λn

qiqj

4πε0εr
[
αQ(1− λ)2 + r2

ij

]1/2 , (S6)

where ε and σ are the LJ energy and size parameters for the atom pair in question, rc is the

cutoff for the LJ interaction, qi and qj are the charges on the two atoms i and j interacting

by the Coulomb force, rij is the separation between the atoms, ε0 = 8.854 × 10−12 F.m−1

is the permittivity of free space, and εr = 15 is the relative permittivity as recommended

for the non-polarizable Martini 2.2 water model9,10. The switching parameters αLJ = αQ =

0.5, σ = 0.3, and n = 1 were set based on prior work8. We note that it is convenient to

employ the soft-core potential in the alchemical transfer within our simulations, but if large

numbers of atoms and charges were to be perturbed, such as transferring a large molecule in

an all-atom simulation, we refer the readers to the original alchemical transfer work2 where

a more complex perturbation energy is used.

S1.4 Free Energy Perturbation: Harmonic Springs (2) (∆G#2
res)

Following the alchemical transfer, we remove the harmonic restraint applied to the C-

terminus of the coupled ELP1 to allow the molecule to undergo conformational relaxation in

the aqueous phase since the equilibrium conformation in water will, in general, differ from
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that in the membrane. The corresponding free energy change is,

∆G#2
res = −kBT ln

Z1−,2=

sol

Z1=,2=

sol

= −kBT ln

∫Ωsol
e−β[U(r)+u−1 +u=2 ] dr∫

Ωsol
e−β[U(r)+u=1 +u=2 ] dr

 , (S7)

where the “–” superscript indicates that only the N-terminus of the ELP remains restrained,

and u−1 = 1
2
K[(zN1 − ξN1 )2)2]. Similar to Section S1.2, the force constant was decreased from

5000 to 0 kJ.mol−1.nm−2 across 12 λ windows, using a sequence of λ values of λ = [0.0,

0.0001, 0.0002, 0.0005, 0.001, 0.005, 0.01, 0.05, 0.1, 0.2, 0.5, 1.0]. The process corresponding

to ∆G#2
res is illustrated in the transition from State 3 to State 4 in Figure S1.

S1.5 Free Energy Perturbation: Entropic Correction (∆Gcorrection)

The single harmonic restraint applied to the N-terminus of the solvent ELP in State 4

restricts translational diffusion of the molecule to prevent it from potentially interacting

with the membrane and improving the efficiency of the free energy calculations. Calculation

of the final ∆G, however, requires that we apply an analytical correction associated with the

entropy gain associated with release of this harmonic restraint. This entropic correction is

given by,

∆Gcorrection = −kBT ln
(2πkBT/K)1/2

V0

, (S8)

where K = 5000 kJ.mol−1.nm−2 is the force constant of the harmonic potential and V0 =

1660 Å is the molecular volume accessible to a peptide monomer at a standard concentration

of 1 mol.L−1 11,12. This transfer is illustrated in the transition from State 4 to State 5 in

Figure S1.
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S1.6 Overall Free Energy Calculation

Combining all components along the thermodynamic cycle, the total free energy of extracting

one ELP monomer from the membrane into the aqueous phase is

∆G = −kBT ln

[
Z1=,2=

mem

Z1=
mem

× Z1=,2=

sol

Z1=,2=
mem

× Z1−,2=

sol

Z1=,2=

sol

× (2πkBT/K)1/2

V0

]

= ∆G#1
res + ∆Gtransfer + ∆G#2

res + ∆Gcorrection. (S9)

The first three terms are computed from alchemical simulations, and the final term is an

analytical correction, contributing a small, but significant, value of approximately 5.3 kBT

per ELP. ∆G values were normalized by the number of residues in each sequence to facilitate

comparison across ELP sequences of different lengths.

S1.7 Alchemical Simulation Parameters

For all the alchemical simulations, a stochastic dynamics (sd) integrator with an inverse

friction constant of 1.0 ps−1 was used to sample the decoupled states. Each simulation

window was energy minimized using the steepest descent algorithm and then equilibrated

for 40 ns followed by a production run of 100 ns at a temperature of 300 K and a pressure of

1 bar. The temperature control was handled by the Langevin thermostat13 and the pressure

control was controlled employing the same scheme in the membrane equilibration. The free

energy for each step was integrated using the multistate Bennett acceptance ratio (MBAR)

algorithm14 in the alchemlyb15 package and the uncertainty was estimated by five-fold block

averaging. Compared with TI16 and Bennett acceptance ratio (BAR) scheme17, MBAR gives

more rapidly converging estimates of ∆G#2
res (Figure S2) and similar performance for ∆G#1

res

and ∆Gtransfer.
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Figure S2: The convergence profiles of free energy ∆G#2
res estimated by TI, BAR and MBAR

with respect to the number of λ windows. The MBAR method consistently yields more rapid
convergence with number of λ windows. TI and BAR are able to produce similar estimates when
using significantly larger numbers of λ windows.

In Figure S3, we show a cumulative free energy profile of a representative ELP T5I5 at the

various stages illustrated in Figure S1. The extraction free energy for this ELP, measured

on a per amino acid residue basis, was calculated to be ∆G = (1.33 ± 0.11) kBT .residue−1

where uncertainties were estimated by five-fold block averaging. We note that ∆Gtransfer

dominates the total free energy followed by ∆G#2
res, and that ∆G#1

res contributes less than

3.4% to the overall free energy. The entropic correction ∆Gcorrection is estimated to be a

value of 5.3 kBT per sequence leading to a small constant offset of 0.11 kBT or 0.12 kBT per

residue for ELPs with a total pentamer repeat of 10 or 9, respectively. We also show the

overlap matrices between λ windows and convergence profiles of ∆G’s by a bi-directional

analysis, indicating that the total free energy is converged within the sampling schemes

(Figure S4).
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(a)

(b)

(c)

Free Energy ΔGOverlap Matrix

Figure S4: The convergence profiles of each component of ∆G. The overlap matrices between
each λ windows and the bidirectional analysis of free energies are computed using the alchemlyb
for (a) ∆G#1

res, (b) ∆G#2
res, and (c) ∆Gtransfer. All samples show overall reasonable overlap between

adjacent states and converged free energies.
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S2 Validation of the Alchemical Transfer Method

We validated the alchemical transfer method in five benchmarks where we compare against

previously reported values calculated by umbrella sampling or the double decoupling method

(DDM), or against known theoretical values.

In the first three validations, we employed our alchemical transfer pipeline to compute the hy-

dration free energy calculation for three molecules – 1,2,3-trichloro-5-(2,5-dichlorophenyl)benzene

(TCDP), decane, and F-uracil – by transferring the molecule from vacuum to a water phase

(Figure S5a). The initial simulation systems were obtained from the FreeSolv database18,

where the small molecules were parameterized by acpype employing the General Amber Force

Field (GAFF) and AM1-BCC charges19,20. The simulation box for alchemical transfer was

expanded in the z-dimension to create a vacuum slab where a duplicated small molecule was

inserted in a decoupled state. The subsequent simulation setup adopted the same protocol in

Section S1. We note that application of the pipeline to relatively rigid small molecules means

that we do not need to apply the dual harmonic restraining potentials to each molecule that

were necessary to control and relax the chain-like ELP molecule. In this case, we apply a

single harmonic restraint to conduct the transfer, maintain the restraints on the terminal

states, and do not perform the entropic correction. The LJ and electrostatic interactions

were simultaneously perturbed in 21 equally spaced λ windows which effectively transferred

the molecule from the bulk water to the vacuum. Each sampling window was energy mini-

mized with the steepest descent algorithm, equilibrated for 100 ps, and sampled for 2 ns in

the NVT ensemble at a temperature of 298.15 K maintained by a v-rescale thermostat21.

In all simulations, the equations of motion were integrated by a stochastic dynamics in-

tegrator13 with a time step of 2 fs. Position restraints were applied to the COM of the

small molecules in all three dimensions adopting a harmonic potential with a force constant

of 1000 kJ.mol−1.nm−2. The hydration free energy was computed by the gmx bar scheme

and the uncertainty was estimated by five-fold block averaging. We compated our calcu-
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lated ∆G values against those reported in the FreeSolv database computed using DDM18

(Figure S5c).
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Figure S5: Validation of the alchemical transfer method for free energy calculations in four bench-
mark systems for which previously reported transfer free energies are available. The simulation box
for computing the (a) hydration free energy of three small molecules – TCDP, decane, and F-uracil
– and (b) the partition free energy of a guanine from water to the interior of a POPC membrane.
The hydration free energy is obtained by transferring the molecule from vacuum to bulk water, and
the partition free energy by transferring the guanine from water region to the membrane interior.
(c) A parity plot showing the comparison between the ∆G computed using our alchemical trans-
fer approach (x-axis) and against previously reported values from the FreeSolv database computed
using DDM18 or umbrella sampling22 (y-axis). Images of chemical structures were created using
ChemDraw from Revvity Signals Software, lnc. (https://revvitysignals.com/).

In the fourth validation, we calculated the partition free energy of a guanine molecule from

water to a POPC membrane (Figure S5b). In this case, we modeled the molecule using the

Martini 2.2 force field10,23 as a test of the method for a coarse-grained system using the same

force field employed for the ELP systems in this work. In the first step, a system consisting

of a guanine molecule inside a POPC bilayer membrane (64 molecules each leaflet) was built

by packmol24 and solvated by the non-polarizable water beads. The system was equilibrated

for 50 ns at a temperature of 303 K and a pressure of 1 bar using a v-rescale thermostat21

and Parrinello-Rahman barostat25. The guanine molecule was then copied and inserted into

the bulk solvent in a decoupled state. We performed the alchemical transfer simulations

in 41 equally spaced λ windows. Each window was sampled for 50 ns to converge the free

energy. The additional simulation parameters were identical to those specified in Section

S14
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S1. Harmonic restraints with a force constant of 400 kJ.mol−1.nm−2 were applied to the

COM of both guanine molecules along the membrane normal. The partition free energy for

guanine was computed by the gmx bar scheme and the uncertainty was estimated by five-

fold block averaging. The calculated partition free energy was compared against a reference

value computed by umbrella sampling reported by Uusitalo et al.22 (Figure S5c).

In Figure S5c, a parity plot of the free energy values computed by our method (x-axis) against

previously reported values (y-axis) demonstrates excellent agreement for all four benchmarks,

with a mean average error of 0.95 kcal.mol−1. We do observe that the alchemical transfer

method appears to systematically slightly overestimate the free energy, which might be

attributed to the somewhat shorter sampling time in our calculation compared with those

from the reported protocols. Nevertheless, the extremely good concordance of our method

with previously reported results within better than 1 kcal.mol−1 provides strong support

for the alchemical transfer approach to computing the free energy difference between two

states.

In our fifth validation, we sought to confirm the applicability of the approach directly to

our ELP systems. In this case we constructed a benchmark in which we decoupled one

monomer from within a (VPGHG)2(VPGAG)2 ELP bilayer membrane while simultaneously

coupling another ELP monomer elsewhere in the membrane (Figure S6). By construction,

the free energy change for this process should be zero, assuming a uniform membrane and

full equilibration in each step of the process. We employed the simulation protocol detailed

in Section S1, with the exception that both ELPs resided within the ELP membrane and

we did not apply the entropic correction. We employed harmonic potentials with a force

constants of 5000 kJ.mol−1.nm−2 and used 41 equally spaced λ windows for the transfer

process. We obtained a transfer free energy ∆G = (0.024 ± 0.054) kcal.mol−1.residue−1,

which spans the expected result of zero within error bars. This result provides additional

support to our free energy calculation method to evaluate the transfer free energy of ELP
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monomers in ELP bilayer membranes.

Figure S6: Schematic illustration showing the symmetric decoupling of one ELP monomer from
within an ELP membrane and simultaneously coupling a second ELP monomer elsewhere in the
membrane. The green circle (upper schematic) and yellow colored ELP molecule (lower visual-
ization) indicates the coupled state, while the gray circle and white ELP molecule indicates the
decoupled state. Molecular visualizations were constructed using VMD26.
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Figure S7: Mutual information of the calculated ∆G and GRAVY27 values calculated by different
hydropathy scales for the hydrophilic block, hydrophobic block and the whole sequence. In total,
28 hydropathy scales were used. The maximum observed values were MI = 0.57 nats (p = 0.002)
for the Roseman scale for the hydrophilic block and MI = 0.39 nats (p = 0.002) for the Engleman
scale for the whole sequence. Calculations were performed using scikit-learn28 and p-values for each
MI value computed under random permutations are printed next to each point on the plot. The
MI values were computed using the natural log convention so although formally dimensionless can
be considered to be reported in nats.
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Figure S8: The equilibrated coarse-grained Martini simulations of three selected top candidates
– H5A5, H6F3, Y6F4 – were backmapped to CHARMM36 all-atom resolution29 using the Martini
backmap tool23. The all-atom structures were energy minimized and equilibrated for 50 ps in
the NVT ensemble and 10 ns in the NPT ensemble. Representative snapshots of the all-atom
backmapped and equilibrated (a) Y6F4 and (b) H6F3 ELP membranes. The aromatic residues
including Phe, Tyr, and His are represented spheres and the peptide chains are shown in cartoon
representation. The π-π stacking among Phe, Tyr, and His residues are highlighted in yellow
circles, and the hydrogen bonds between peptides are illustrated by red dashed lines. We harvested
11 frames equally spaced over the 10 ns NPT trajectory and collated counts of (c) the average per
residue number of hydrogen bonds and (d) π-π interactions using MDAnalysis30. A hydrogen bond
is defined as when a hydrogen bond donor and acceptor atom are within a distance of 3.0 Å and the
donor–hydrogen–acceptor angle is greater than 150◦, and a π-π interaction as when two aromatic
rings have centroid–centroid distance less than 6.5 Å and ring-plane orientations consistent with
face-to-face or edge-to-face stacking. The molecular renderings were created by ChimeraX31.
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Figure S9: Relationship of ∆G with the protonation states in a membrane consisting of H6F3
ELPs. (a) Schematic illustration of the protonation states of the histidine residues in the ELP
models with an increasing number of protonated histidines mimicking the decreasing of pH in the
chemical environment. (b) The total per-residue ∆G and its components from the alchemical
transfer process and the turning on/off restraints for ELPs with different charge states.
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Figure S10: Assessment of the impact of secondary structure assignment to ELP sequences upon
membrane stability. We compare the free energy to extract a single ELP from the membrane under
a secondary structure assignment of the entire ELP as a random coil (left) and an assignment of
a β-turn secondary structure to the hydrophobic block and a random coil to the hydrophilic block
(right). The red and orange points correspond to the top performing ELP candidates H5F5 and
H6F3, while the blue and turquoise points correspond to the poor ELP candidates R6M3 and E4L6.
The poor candidates show some limited additional stabilization under the imposition of the β-turn
in the hydrophobic block, whereas the good candidates show no change in stability within error
bars. The stability rank ordering among the four sequences is maintained under both secondary
structure assignments.
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S4 Supplementary Tables

Table S1: Summary of free energy estimates for ELP candidates evaluated during active learning.
Each entry corresponds to a unique elastin-like polypeptide (ELP) sequence evaluated via molecular
dynamics simulations. The table includes the total free energy change (∆G) for the full ELP, the
error in that estimate, and the normalized ∆G per residue along with its corresponding error.
The active learning (AL) round in which each sequence was evaluated is also included. Energies
are reported in units of kBT . These data are available as a machine readable csv file at https:
//github.com/Ferg-Lab/ELP_Simulation and also accessible via a persistent doi at https://doi.
org/10.5281/zenodo.15778533.

ELP Sequence Residue Number ∆G per ELP (kBT ) ∆G per residue (kBT ) AL Round

H6F3 45 129.20± 6.04 2.87± 0.13 10
H6A3 45 112.87± 3.23 2.51± 0.07 10
H6A4 50 121.69± 5.17 2.43± 0.10 10
H5A5 50 118.82± 2.79 2.38± 0.06 10
H5I4 45 106.48± 4.91 2.37± 0.11 23
H6F4 50 116.00± 5.19 2.32± 0.10 10
H5F5 50 116.08± 5.35 2.32± 0.11 10
T6A4 50 115.36± 3.06 2.31± 0.06 10
Y6F4 50 110.34± 1.68 2.21± 0.03 14
H6V4 50 106.78± 2.39 2.14± 0.05 22
H6I3 45 94.95± 3.87 2.11± 0.09 0
Y6I4 50 104.19± 4.80 2.08± 0.10 16
H6C4 50 104.06± 3.03 2.08± 0.04 1
H6V3 45 91.45± 3.51 2.03± 0.08 22
Y6I3 45 91.17± 3.48 2.03± 0.08 21
H3F6 45 90.81± 2.43 2.02± 0.05 0
H5A4 45 89.57± 3.75 1.99± 0.08 10
H6M4 50 93.69± 3.84 1.97± 0.08 12
H4C6 50 96.88± 3.30 1.94± 0.07 10
H4A6 50 96.55± 4.17 1.93± 0.08 10
H4I5 45 86.78± 3.17 1.93± 0.07 21
H6L3 45 86.24± 4.82 1.92± 0.11 24
H4F6 50 95.13± 4.05 1.90± 0.08 12
H6L4 50 95.12± 3.23 1.90± 0.07 24
H4I6 50 93.93± 3.39 1.88± 0.07 20
Y5A5 50 91.73± 3.47 1.83± 0.07 10
Y6C4 50 90.99± 2.63 1.82± 0.04 1
H5F4 45 81.73± 2.85 1.82± 0.06 11
H6C3 45 81.42± 4.50 1.81± 0.10 10
T5A5 50 89.98± 3.74 1.80± 0.08 10
Y3A6 45 80.86± 5.63 1.80± 0.13 0

Continued on next page
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ELP Sequence Residue Number ∆G per ELP (kBT ) ∆G per residue (kBT ) AL Round

S6A4 50 87.49± 1.37 1.75± 0.03 10
H5C5 50 87.27± 3.85 1.75± 0.08 10
Y6A4 50 87.13± 5.14 1.74± 0.10 10
T6C4 50 86.84± 4.23 1.74± 0.09 10
Y4A6 50 86.53± 4.31 1.73± 0.09 18
H3V6 45 77.80± 3.33 1.73± 0.07 0
T4C6 50 85.10± 4.60 1.70± 0.09 0
T6F4 50 84.34± 4.58 1.69± 0.09 11
Y6V3 45 75.30± 3.73 1.67± 0.08 17
H6I4 50 83.38± 4.26 1.67± 0.05 16
T4F6 50 82.96± 4.32 1.66± 0.09 13
W4A6 50 82.91± 2.94 1.66± 0.06 13
Y4F6 50 81.69± 2.98 1.63± 0.06 15
T6A3 45 72.03± 1.23 1.60± 0.03 15
W6A4 50 79.95± 3.32 1.60± 0.07 18
W6C4 50 78.30± 2.20 1.57± 0.04 0
S6F4 50 77.49± 1.99 1.55± 0.04 19
Y6F3 45 69.76± 2.26 1.55± 0.05 19
Y5F5 50 76.71± 2.88 1.53± 0.06 20
W5F5 50 74.55± 2.60 1.49± 0.05 0
S4C5 45 66.69± 3.56 1.48± 0.08 0
S4I5 45 62.73± 2.88 1.39± 0.06 0
Y4C6 50 66.68± 5.27 1.33± 0.11 10
Q5C5 50 66.40± 4.30 1.33± 0.09 0
S4A6 50 65.96± 3.53 1.32± 0.07 14
H5I5 50 65.71± 2.44 1.31± 0.05 23
Y6M4 50 64.91± 2.07 1.30± 0.04 17
D6A4 50 64.25± 3.55 1.29± 0.07 0
H5V5 50 63.55± 3.10 1.27± 0.06 0
Y3L6 45 56.20± 4.37 1.25± 0.10 0
H5L4 45 55.57± 2.88 1.24± 0.06 0
G6A4 50 59.35± 2.55 1.19± 0.05 0
R4F5 45 50.62± 3.15 1.13± 0.07 0
G4C5 45 49.72± 2.88 1.11± 0.06 0
E6A3 45 39.51± 1.89 0.88± 0.04 0
D5M4 45 38.25± 1.80 0.85± 0.04 0
K5M5 50 38.55± 2.60 0.77± 0.05 0
N6M3 45 33.93± 2.97 0.75± 0.07 0
E4L6 50 34.05± 3.30 0.68± 0.07 0
R6F4 50 15.90± 5.65 0.32± 0.11 0
R6M3 45 11.52± 4.37 0.26± 0.10 0

S22



Table S2: Summary of experimentally realized amphiphilic ELP sequences forming vesicles, with
their repeat numbers and residue compositions. The short sequences that are most directly compa-
rable in size to the calculations conducted in this work are indicated in bold.

ELP Sequence # Repeats Hydrophilic Hydrophobic Ref.

E20F20 40 E F Huber et. al.32
(R5Q5)2-F20 40 R, Q F Frank et. al.33
(E4V)4(F4V3F4)4 64 E F, V Vogele et. al.34
H40I30 70 H I Schreiber et. al.35
H20I30 50 H I Schreiber et. al.35
S40I30 70 S I Schreiber et. al.35
S20I30 50 S I Schreiber et. al.35
H40I30 70 G I Schreiber et. al.35
S20I30 50 S I Schreiber et. al.35
K20I30 50 K I Schreiber et. al.35
K40I30 70 K I Schreiber et. al.35
H10L4 14 H L Schreiber et. al.35
H5L4 9 H L Schreiber et. al.35
H5A5 10 H A Schreiber et. al.35
H5V5 10 H V Schreiber et. al.35
D10V5 15 D V Schreiber et. al.35
S48I48 96 S I Sharma et. al.36
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