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Supplementary Note 1 

The polyply library comprises a number of building blocks for polymers at different resolutions. Supple-

mentary Table 1 gives an overview of all models implemented at the time of writing. An up-to-date list 

of libraries implemented in the program can be quarried with the following command: 

$ polyply -list-lib 

A list of monomers to a specific library can be obtained by running the command and specifying the name 

of the library as listed from the previous command: 

 $ polyply -list-blocks <name_of_library> 

We note that while polyply has the ambition to offer a wide selection of monomers, which can be com-

bined with each other, at the current stage not all monomers within a library are compatible with each 

other. Supplementary Table 1 gives an overview of the libraries and which combinations are allowed. 

When trying to generate a combination, which is not allowed, the program will issue a warning that the 

molecule consists of two disjoint parts. The GitHub wiki (https://github.com/marrink-

lab/polyply_1.0/wiki) contains a list of monomer blocks that are being updated as monomers are added 

to the libraries. Furthermore it is highly recommended to check out the tutorials on the same page, which 

contain further important details on how to obtain appropriate itp files,for example how to add terminal 

groups for atomistic resolution polymers.  

Supplementary Table 1. Overview of all polymers implemented in the polyply polymer library with cor-

responding abbreviations  

Name Abbreviation Force-Field 

Polyethylene glycol PEO OPLS-AA, 2016H66, Martini2, Martini3,   

Polystyrene PS Martini2, Martini3, 2016H66 

Polymethyl acrylate PMA Martini3, 2016H66  

Polymethyl methacrylate PMMA Martini3, 2016H66  

Polyethylene PE Martini3, 2016H66  

Poly(3-hexylthiophene) P3HT Martini3, 2016H66, GROMOS53A6  

Polyvinyl alcohol PVA Martini3, 2016H66  

Dextran DEX Martini3 

DNA nucleobases DT, DG, DA, DC, 

DT5, DT3, DA5, 

DA3, DG5, DG3, 

DC5, DC3 

Pambsc1 

Amino Acids 3 letter code Martini3 

https://github.com/marrink-lab/polyply_1.0/wiki
https://github.com/marrink-lab/polyply_1.0/wiki
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Supplementary Note 2 

Supplementary Table 2 lists a number of scripts that facilitate the conversion of topology files from 

GROMACS to other MD programs. Such scripts are helpful if one wishes to perform simulations with 

the parameters generated by polyply with a software other than GROMACS. Note that OpenMM1 can 

simply parse GROMACS topology files. Furthermore, InterMol2 and Parmed2 can also be used to convert 

other MD engine input files to GROMACS so that they can then be used with the structure generator.  

Supplementary Table 2. List of utility scripts to perform GROMACS topology file conversions to input 

files of other MD engines. 

Conversion Program Ref. 

GROMACSLAMMPS 

GROMACSDesmond 

InterMol  

https://github.com/shirtsgroup/InterMol 

2 

GROMACSOpenMM OpenMM can parse GROMACS topology files 

https://github.com/openmm/openmm 

1 

GROMACSCHARMM 

GROMACSAMBER 

GROMACSNAMD 

Parmed 

https://github. com/ParmEd/ParmEd 

2 

 

Supplementary Note 3 

Polyply generates polymers from a residue graph. For a simple linear polymer that is simply the sequence, 

however, branched polymers or polymers which have a statistical distribution cannot simply be described 

by providing a linear sequence. Whereas for regular linear polymers polyply allows to provide the se-

quence directly as command line argument (-seq) for the gen_params tool, more complex residue graphs 

can be provided in the form of a networkx graph json-file. To further facilitate generating parameters for 

these more complex polymer topologies we have implemented the ‘polyply gen_seq’ auxiliary tool. The 

gen_seq tool can be used to create and manipulate residue graphs from the command line interface. More 

details on the syntax and usage of the sequence generation tool can be found on the GitHub wiki page 

(https://github.com/marrink-lab/polyply_1.0/wiki/Synatx:-gen_seq) or the help menu by running ̀ polyply 

gen_seq -h`. 

  

https://github.com/marrink-lab/polyply_1.0/wiki/Synatx:-gen_seq
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Supplementary Note 4 

This section offers additional details behind the algorithms used in the structure generation module of the 

code.  

4.1 Step 1-3: Template generation & volume estimation  from the radius of gyration 

 

Supplementary Figure 1. Template Coordinate Generation; A) general workflow for template genera-

tion; B) all-atom coordinates generated by polyply for Deoxyguanosine showing two sets of conformers 

distinguished by rotation of the Guanine group with respect to the bond to the deoxyribose; C) all-atom 

coordinates generated by polyply for Deoxyadenosine; top shows a single conformation and bottom 

shows clustering of 10 conformers D) all-atom coordinates for Poly(3-hexylthiophene-2,5-diyl)3; top 

shows a single conformation and bottom shows clustering of 10 conformers; E) Martini CG C60 mole-

cule4 generated by polyply 

In polyply, the volume of a residue is directly computed from the residue coordinates and non-bonded 

interactions. Before the volume can be estimated, residue coordinates for each unique residue in the sys-

tem are generated by embedding the graph description into 3D coordinates using a two-step optimization 



 

 

5 

procedure. The detailed procedure is outlined in Supplementary Figure 2A. After extracting all bonded 

interactions belonging to the residue from the topology file, an initial set of coordinates is generated by a 

Kamada-Kawai embedding. This form of embedding only uses the molecular graph information but is 

superior to random coordinates as it places bonded atoms/beads in close proximity and is even able to 

keep rings connected and close to within a plane. Using these coordinates, the geometry is optimized by 

minimizing the following objective function: 

∑ 104 × (𝑑 − 𝑑𝑟𝑒𝑓)𝑏𝑜𝑛𝑑𝑠
𝑐𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡𝑠

+ ∑ (𝜃 − 𝜃𝑟𝑒𝑓)𝑎𝑛𝑔𝑙𝑒𝑠 + ∑ (𝜑 − 𝜑𝑟𝑒𝑓)𝑖𝑚𝑝𝑟𝑜𝑝𝑒𝑟
𝑑𝑖ℎ𝑒𝑑𝑟𝑎𝑙𝑠

 (1) 

In principle the algorithm optimizes bonds, angles, constraints and improper dihedral angles such that the 

value in the molecule matches the equilibrium value. However, as typical molecules have many more 

angles and dihedrals than bonds, we found it advantageous to scale the contribution of the bonds by an 

empirical factor of 104. Note that the algorithm will also correctly take into account and place GROMACS 

virtual sites. An optimization within polyply is only accepted if every single bond or constraint is within 

0.5Å of the equilibrium value and every angle is within 5 degrees of the equilibrium value otherwise a 

warning is issued. Proper dihedral angles are not optimized as they are typically flexible and conformers 

will easily relax to the desired conformation.  

We have benchmarked the coordinate generation protocol by generating 20 template residues for each of 

the blocks in the Parmbsc15, GROMOS 2016H666 and GROMOS 53A63,7 force-field cumulating to 460 

different templates at the all-atom and united atom level. None of the optimizations failed, meaning that 

the geometries are reproduced for all templates within the tolerances outlined previously. Supplementary 

Figure 1 B-E shows some typical geometries obtained from the template algorithm. For Deoxyguanosine 

(Supplementary Figure 2B) we have aligned 10 conformers to show the flexibility of structures obtained 

from the algorithm. For the case of Deoxyguanosine typically two different conformers are obtained that 

differ from each other by rotation of the guanine group around the bond to the ribose fragment.  Both are 

valid starting points for an MD simulation. For Deoxyadenosine (Supplementary Figure 2C) and P3HT ( 

Supplementary Figure 2D) the top panels show a single typical conformer and the lower panels RMSD 

aligned conformers as generated by polyply. We clearly see that the alkyl chain in P3HT has a larger 

amount of conformers given the larger rotational flexibility. For both molecules the ring fragments are 

clearly resolved and reproduced. Finally, as shown in Supplementary Figure 1E polyply can also generate 

coordinates for simple nanoparticles. At the Martini CG level C60
4 is optimized without issues. Overall 

we conclude that the residue templates are built to high accuracy in a reliable manner using this two-step 

algorithm. This makes it possible to estimate a realistic volume for each residue while at the same time 

avoiding unrealistic conformations and high energy states at the residue level. 

After the residue coordinates are obtained the volume is estimated from the radius of gyration of the 

residue, however, taking into account the van-der-Waals radius of the atom/bead. The formula for the 

radius of the volume becomes: 

𝑟𝑟𝑒𝑠 = √
1

𝑁
∑ (1 + 𝑟𝑣𝑑𝑊) ∗ (𝑟𝑘 − 𝑟𝐶𝑂𝐺)𝑘    (2) 
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Essentially we compute the radius of gyration but add a van-der-Waals contribution in the direction of the 

position vector from the center of geometry (COG). This makes sure that we capture some volumetric 

component in the radius of gyration. This procedure was selected for two reasons: 1) the radius of gyration 

is essentially a moment of inertia neglecting the mass. Thus it captures a radius that the residue has when 

rotating about the center of geometry. In other words, it could be described as a rotational volume as 

opposed to the real volume of the residue. When generating an initial starting structure, we need to make 

sure that there is no direct overlap between any atoms when transforming from the super CG model to 

target resolution. However, using the actual volume as for example computed from a voxelized approach 

that sums the volume of the intersecting vdW-spheres, we frequently find overlaps. 2) The above descrip-

tion can take into account larger ligands, conjugated systems, and residues which are much larger than a 

typical polymer radius. Imagine computing the volume for C60, which is completely round but hollow 

inside. If we were to compute the volume using a voxelized approach by summing the vdW radii we 

would greatly underestimate the volume. The same holds for example for a lipid that is treated as one 

residue or an extended conjugated system. Ultimately, it is a practical choice where we observe that our 

radius of gyration approach works well. 

4.2 Step 4: Introducing restraints into the random walk-protocol 

A self-excluding random-walk typically is not able to reproduce specific conformations like ring-closures 

or very straight paths. This can be a problem when trying to generate coordinates for macromolecules. 

For example, molecules with high persistence length require comparatively straight paths. Within polyply 

we have augmented the random-walk protocol with a restraint algorithm which is able to effectively force 

specific distance restraints between residues of the system, while keeping the rest of the walk random. 

This allows us to also implement a protocol for taking into account the persistence length of polymers. In 

this section we will outline the algorithm behind that implementation as well as some initial benchmarking 

results.  

Let us consider the example in Supplementary Figure 2A. Given that the nodes one (reference node) and 

six (target node) shall be restraint at a distance r (Supplementary Figure 2A) the algorithm computes an 

upper and lower bound for each node on the path from one to six (i.e. 2,3,4,6). This upper and lower 

bound are specified as the maximum and minimum distance each of the nodes can have, measured in 

relation to the position of node one. The upper bound is computed as the graph distance of each node to 

the reference node multiplied by the average step length of the random-walk plus the distance r (Supple-

mentary Equation 3). 

𝑢𝑝𝑝𝑒𝑟𝑏𝑜𝑢𝑛𝑑(𝑛𝑜𝑑𝑒) = 𝑟𝑔𝑟𝑎𝑝ℎ(𝑟𝑒𝑓; 𝑛𝑜𝑑𝑒) × 𝑠𝑡𝑒𝑝̅̅ ̅̅ ̅̅ + 𝑟𝑑𝑖𝑠𝑡 (3) 

The lower bound is computed as the average step length that is needed to connect node one to node 6 at 

a distance r multiplied by the graph distance of that node to the reference node.  

𝑙𝑜𝑤𝑒𝑟𝑏𝑜𝑢𝑛𝑑(𝑛𝑜𝑑𝑒) =
𝑟𝑑𝑖𝑠𝑡

𝑟𝑔𝑟𝑎𝑝ℎ(𝑟𝑒𝑓; 𝑡𝑎𝑟𝑔𝑒𝑡)
∗ 𝑟𝑔𝑟𝑎𝑝ℎ(𝑟𝑒𝑓;  𝑛𝑜𝑑𝑒) (4) 
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So for the example the algorithm would implement 4 upper and lower bounds for the nodes 2-6. To help 

convergence, a tolerance may be added to each of the bounds by the user. Note that given the two con-

straints, the algorithm will make sure that the two nodes are always at a distance r ± one step length of the 

random-walk.  

 

Supplementary Figure 2. Distance restraints. A) Concept of distance restraints in polyply. To achieve 

node 1 and 6 to be at distance r each node on the way has an upper and lower distance it can assume in 

relation to node 1. Those bounds are computed from the graph distances and average step length accord-

ing to equation 3 and 4. B) Benchmarking of restraint algorithm, for a given number of restraints it shows 

the percentage of times the algorithm took longer than 5 min to find a solution for a chain of 100 residues. 

C) Workflow behind the end-to-end distance sampling algorithm for rigid polymers within polyply D) 

End-to-end distances of P3HT melts generated without setting the persistence length (gold) and setting 

the persistence length (blue). The thick curve corresponds to the expected end-to-end distance from the 

WCM.   

Supplementary Figure 2B shows some benchmarking results on the algorithm. To benchmark the algo-

rithm we have taken a linear chain of 100 residues and applied between 1 to 25 distance restraints and 

generated coordinates. The distance restraints are taken from a melt of 100 chains also produced by pol-

yply to ensure that the distances are realistic (i.e. can be reached within a random-walk). Subsequently 

for each batch we generated 100 random replicas of distance restraints. If the algorithm was able to satisfy 

these restraints in less than 5min, we considered it a success and otherwise the program was terminated. 
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Supplementary Figure 2B shows the percentage of these time-outs as function of the number of restraints. 

We can see that the algorithm is able to very efficiently generate conformations for up to 5 distance re-

straints with less than 10% failure rate. This means we are able to very effectively force for example end-

to-end distances.  

The more distances are applied on the molecule the more time-outs are registered. With up to about 15 

restraints the fail rate is less than 15%. With more than 15 distance restraints the algorithm becomes 

progressively less effective. However, one should note that this does not mean that it doesn’t converge 

eventually. It simply means it cannot converge within the 5min time limit. Considering that the algorithm 

is still able to find solutions at all within 5min for cases, where a quarter of all residues are fixed at a 

specific distance we find very encouraging. In addition, there is room for future improvement by for 

example optimizing the number of rewind steps or the tolerance.  

Given that the algorithm can very reliably produce one distance, it was now possible to implement specific 

end-to-end distances for polymers with high persistence lengths and even generate macrocycles. Supple-

mentary Figure 2C shows the general workflow for taking into account the persistence length of a mole-

cule. As input we only require the persistence length and the molecular graph, which is extracted from 

the topology file. Subsequently, the contour length of the generic CG model is computed. From the per-

sistence length and contour length, we compute the probability distribution function of end-to-end dis-

tances given the worm-like-chain model. In future, other models could be implemented as well. Subse-

quently, the distribution is sub-sampled to generate an end-to-end distance for each polymer for which 

coordinates shall be generated. Coordinates are then generated via the RW protocol taking the end-to-end 

distance into account followed by backmapping to get the coordinates at target resolution. 

Supplementary Figure 2D shows the example of a P3HT melt. The gold distribution shows the end-to-

end distances for P3HT with 50 residues in the melt from polyply. However, it is known that P3HT has a 

high persistence length (~3nm in solution). According to the WCM model, the end-to-end distances 

should be larger as indicated by the blue curve. Using the persistence algorithm within polyply the blue 

distribution is generated by setting a persistence length of 3nm. It is interesting to note that already the 

golden distribution is significantly shifted from the flexible polymers of similar length, meaning that the 

generic CG model already captures some rigidity. However, by using the restraint algorithm a clearly 

superior result is achieved.   

4.3 Step 5: Backmapping  

The backmapping procedure within polyply is a template based approach as outlined in the main paper. 

Supplementary Figure 3A gives the detailed stepwise workflow. We note a few things: To avoid high 

energy and artificial structures such as for example interlocking rings, the templates are scaled after rota-

tional alignment. Therefore, the structure that is generated by polyply contains all coordinates but shrunk 

towards the center of each residue. During the energy minimization step, which the user has to conduct, 

the coordinates expand. This typically allows residues which would be in rather close contact when placed 

1:1 to actually move out of the way. This procedure has been previously very successfully used in the 

backwards backmapping program.8 The success of this method is further demonstrated by the fact that for 
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all systems we could conduct an energy minimization without any artificial Hamiltonian scaling or special 

adjustments.  

Nevertheless, to further support this procedure we analyzed the PS melts generated in example 1. We find 

that the closest distance between two rings in the PS belongs to a sandwich stack motive of two directly 

neighboring residues with a distance of about 3.2Å (Supplementary Figure 3B). As a reference, we then 

also constructed a motive with two interlocking Benzene rings (Supplementary Figure 3C). Here we find 

the center of mass (COM) distance to be about 2Å.  

 

Supplementary Figure 3. Backmapping within polyply. A) Workflow of the backmapping protocol within 

polyply; B) Minimum stacking distance measured from COM observed in polyply generated PS; C) Min-

imum stacking distance from COM for two interlocking rings; D) COM distance distribution between 

rings from polyply PS melts with 10000 residues.  
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Analyzing the melt simulations for PS we find that no melt produces structures where the COM of the 

rings are closer than 3Å showing that no interlocking rings are produced. Likewise, visual inspection of 

the generated DNA molecules constructed leads to the same conclusion. Thus we are confident that the 

algorithm will produce good low energy starting structures for MD simulations. 

Supplementary Note 5 

5.1 Polymer melts at atomistic and CG level 

End-to-end distances were computed from two models: the worm-like chain model (WCM) and the hin-

dered rotation model (HRM). In case of the WCM model the distribution was computed as suggested 

previously by Lee et al. and subsequently the expectation value of the distribution was calculated to obtain 

the average end-to-end distance.9 In the case of the HRM the mean square end-to-end distance is given 

by equation 2.10  

< 𝑅2 >= 𝑛 ∗ 𝑙2 ∗ 𝐶∞ (5) 

In Supplementary Equation 5 𝐶∞ is Flory’s characteristic ratio, which can be measured experimentally or 

computed from the persistence length. Furthermore, 𝑛 is the number of bonds with length 𝑙. The distribu-

tion of the WCM model is computed from the persistence length (lp), which was obtained from Flory’s 

characteristic ratio (c.f. eq2) and the contour length, which was computed from the bond length (l) and 

angle (θ) of the atomistic model parameters (c.f Supplementary Equation 6 and 7).  

𝑙𝑝 =  
𝐶∞

2∗𝑙
   (6) 

𝑅𝑚𝑎𝑥 = 𝑛 × 𝑙 × 𝑐𝑜𝑠
𝜃

2
   (7) 

Sometimes, for the same polymers several different values for the persistence lengths and characteristic 

ratios are reported in literature. Whereas for polymers such as PS the values of the characteristic ratio 

range from 8.24Å11-9.6Å12, which is rather close together, for others such as PEG or PVA quite different 

values are reported. For PEG the values range between 4.2Å and 11.2Å.13 However, there appears to be 

an agreement between simulations and theory11,13–15 for a lower value between 2Å-6Å. These values fit 

better with the persistence lengths and end-to-end distances obtained from simulation and theoretical cal-

culations. Therefore, we have taken the average of three theoretical calculations13 as reference value. 

Similarly, for PVA estimates range from 3.4Å-8.5Å11,16. In this case it is unclear which value is more 

reliable. We have chosen the value of 4.81Å as recently reported for CHARMM all-atom simulations11, 

as that was recorded for the melt. Bond lengths and angles were taken from the GROMOS 2016H66 

model, for which the carbon-carbon bond length is 1.53Å and the angle theta is 70 degrees. For PEG the 

average of the C-O and C-C bond was taken as is custom. Supplementary Table 3 collects the values for 

the characteristic ratio, target density together with the corresponding temperature as well as bond length 

and theta angles. 

As outlined in the main text, we find a good match between the average end-to-end distances generated 

by polyply and the two models presented previously. For the WCM, however, we not only have infor-
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mation about the predicted average values but also the distribution associated with that model. Supple-

mentary Figure 4 compares the distributions obtained by the WCM model and polyply for PEO using the 

GROMOS force-field (panel A) and Martini force-field (panel B) for all four chain lengths studied. We 

have chosen to use PEO as an example, because it has been previously reported that PEO is well described 

by the WCM model.9  

Supplementary Table 3. Physical constants of polymers used in the end-to-end distance calculation. Den-

sities at 413K are taken from ref 10 and densities at room temperature are the amorphous densities taken 

from ref 17. 𝐶∞ values are averaged over several references unless stated otherwise. *average of theoret-

ical values reported in ref 13.  

polymer 𝐶∞ (Å) T (K) ρ (g cm-3) 𝜃 degree lb (Å) 

PS 9.1110,11,18  413 0.969 70 1.53 

PE 7.3410,11 413 0.784 70 1.53 

PMA 8.1511,19 298.15 1.100 70 1.53 

PEO 4.5* 413 1.064 70 1.48 

PMMA 8.210 298.15 1.100 70 1.53 

PVA 4.8111 298.15 1.200 70 1.53 

 

Overall the agreement is good, but we note that the distributions of the AA model are slightly shifted for 

the longer chain lengths. This is a common trend we see, however, it should also be noted that in compar-

ison to the WCM model the higher molecular weights are worse, whereas in comparison to the generally 

more accurate HRM model the average end-to-end distances are in better agreement. 

For each of the GROMOS 50 repeat unit melt chain systems, we ran a 10ns MD simulation under constant 

pressure. Supplementary Figure 5A shows the densities and Supplementary Figure 5B the end-to-end 

distances as function of simulation time. The temperature for all simulations was 513K to ensure that all 

simulations are well above the melting point of the polymer species. For each of the MARTINI 50 repeat 

unit systems we ran 50ns of MD simulations. The corresponding results are shown in the lower two panels. 

As apparent from the left panels the end-to-end distance quickly relaxes to the force-field native average 

end-to-end distance and then fluctuates around the average. However, no strong relaxations can be ob-

served suggesting the end-to-end distances from polyply are a good starting point. Similarly, as shown in 

right panels, the densities take typically less than few ns to relax to their target values at the temperature 

of interest.  
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Supplementary Figure 4. End-to-end distance distribution of PEO obtained from the WCM (solid curves) 

and polyply (histogram) for 4 chain lengths. Panel A shows the GROMOS based distributions and panel 

B those obtained for Martini. 

 

Supplementary Figure 5. Densities and end-to-end distances for equilibration runs of melt systems with 

50 residues each at 513K. Top two panels are for GROMOS, bottom two panels for Martini. 
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5.2 DNA test cases 

 

Supplementary Figure 6. Distributions of the radius of gyration and end-to-end distance from all-atom 

simulation (red) and polyply generated structures (blue). 

Supplementary Figure 6 shows the distributions of the radius of gyration and end-to-end distance of an 

AA simulation of 32 bases polyT in comparison to 200 structures generated with polyply. Whereas we 

see that the polyply distributions are somewhat wide, there is very good overlap between the two sets 

suggesting the polyply conformations are a good starting point. Furthermore, we note that the AA force-

field predicts a radius of gyration (2.8±0.5nm) lower than experimentally expected (3.8±0.1nm)20. Thus 

we used a lower persistence length (1.4nm) to generate the polyply conformations. 

 

 

Supplementary Figure 7. Workflow for generating porcine circular ssDNA inside virus capsid. 

As a further complex test case, we have generated the circular genome of the porcine virus at the all-atom 

level. Supplementary Figure 7 shows the general workflow for this example. First, the sequence was 

obtained from the database as well as the crystal structure of the capsid. Subsequently, the input parame-

ters for the DNA are generated from the sequence with the gen_params tool using the PamSC1 force-

field. Parameters for the protein crystal structure are taken from Amber1421 and are generated with gmx 

pdb2gmx from the GROMACS22 tools and then included as part of the system topology. In the next step, 
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coordinates are generated by using the protein capsid as well as a spherical geometry restraint as bound-

aries for the DNA. While the protein capsid is a natural boundary for the DNA the spherical restraint 

simply makes the algorithm a little faster compared to having to evaluate every overlap with the capsid.  

For each nucleobase placed, a sodium ion is placed close to the nucleobase using the ligation feature 

within polyply. Placing neutralizing sodium ions is essential to keep the initial structure stable. To our 

knowledge the salt concentration inside the capsid is unknown, so a neutralizing concertation was used. 

The capsid itself also contains charged residues, we have added a neutralizing amount of chlorine ions 

randomly in the box to achieve a completely charge neutral box. Finally, the cycle option is used to tell 

polyply to make a circular molecule DNA molecule. We have not set an persistence length on the circular 

DNA because the persistence length of DNA depends on the salt concentration and at very high salt con-

centration long DNA is observed to even form flexible coil like conformations.23 A rough back of the 

envelope calculation assuming a spherical virus of 7.5nm radius yields a salt concentration of about 2 

mol/L inside the virus. This would be a relatively high concentration where we consider a random coil 

starting structure justified.  

Once the circular DNA, sodium and chlorine ions are generated, gmx solvate is used to add water to the 

system. Polyply is very efficient at building macromolecules but less efficient at placing solvents. There-

fore we used gmx solvate. Subsequently the system was equilibrated in three steps first using a low time-

step (0.1fs) and flexible bonds, followed by a1fs time-step run with constraint bonds. For both equilibra-

tions the SD integrator was used. Finally, the production run was done at 2fs using constraints on all bonds 

and the normal leap-frog integrator. Within the 60ns production run the system was stable and we see an 

exchange of ions between the inside of the capsid and the outside suggesting that there is an optimal salt 

concentration for the inside of the capsid.  

5.3 Polymeric lithium ion battery 

 

Supplementary Figure 8. Workflow for generating PS-b-PEO LiTFIS doped battery at the Martini2 level 

resolution. 

After setting up the system with polyply we further characterized the microphase-separated block-

copolymer by computing the density profiles of the components along the z-axis. The result is shown in 
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Supplementary Figure 9. It clearly shows distinct alternating domains of PEO and PS with some degree 

of mixing at the interface. From the lower panel we also see that the salt is enriched inside the PEO domain 

relative to the edges of the PEO domain. This form of salt channel formation has been reported previously 

in simulation24 and has been proposed as one possible explanation for experimental conductance trends 

in PEO-b-PS based batteries.25 Furthermore the domain spacing can be computed from the total box size. 

After equilbration the total box dimension in z is stable with an average value of 63nm. Considering we 

see three domains the average domain spacing is about 21nm in good agreement with the reported 

experimental value of 20nm for this systems.26 

 

Supplementary Figure 9. Density profiles of PS-b-PEO LiTFSI doped battery after equilibration of 50ns. 
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5.4 Lipid vesicle with liquid-liquid phase separated interior 

 

Supplementary Figure 10. Workflow for generating a vesicle with liquid-liquid phase separated Dextran 

PEO. 

Dextran is in general a branched and polydisperse polysaccharide. The degree of branching is reasonably 

well characterized with literature agreeing that about 5% linkages should be present for molecular weights 

lower than 100,000 g/mol.27,28 Unfortunately the polydispersity is less well characterized and depends on 

the synthesis method and if the polymer was fractionated afterwards. As we are only interested in the 

polydispersity for the sake of demonstrating polyply’s capability of dealing with polydisperse polymers, 

we modeled the molecular weight distribution as follows: We assume that the synthesis follows the reac-

tion kinetics of linear condensation polymers. For this type of reaction the molecular weight distribution 

can be computed only from knowing the extent of reaction (p in Supplementary Equation 8).10 

𝑝𝑟𝑜𝑝(𝑁, 𝑝) = 𝑁 × 𝑝𝑁−1(1 − 𝑝)2 (8) 

Subsequently, we change the extent of reaction such that the number average molecular weight becomes 

about 65, which is the weight used in the experimental system we aim to model.29 The obtained polydis-

persity index in that case is about 1.5 which compares reasonably well to the value of 1.8 found in litera-

ture30. Supplementary Figure 11 shows the distribution and a histogram of the 500 samples drawn. Note 

that the smallest allowed polymer was 2 residues.  
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Supplementary Figure 11. Molecular weight distribution of dextran from equation 8 (solid line) and the 

samples drawn for structure generation.  
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