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SI Figure 

 

 

 

Figure S1: Apical interactions of PagP with detergent micelles form and persist in simulations with salt 

concentrations up to 1 M. Snapshots obtained after 250 ns of simulation. PagP is shown as a blue cartoon 

and DPC detergent molecules are shown as sticks that are coloured for (cyan) carbon, (blue) nitrogen, 

(red) oxygen, and (brown with sphere) phosphorus atoms. Salt ions are shown as small (Na
+
) blue and 

(Cl
-
) cyan spheres. Large salt crystals formed in ≤50 ns in simulations with salt concentrations ≥2 M (data 

not shown). 

 

  



 
Neale et al. Supporting Information 3 

 

SI Movie Captions 

 

Movie S1: One of the six 500-ns trajectories of PagP and DPC detergents obtained in this work. In this 

trajectory, all four molecule of PagP condense into a single large aggregate. The four molecules of PagP 

in the central unit cell, as well as their periodic images, are shown as red cartoons. Detergent molecules 

are shown as grey lines. Water molecules and ions are omitted for clarity. Atomic positions have been 

time-averaged to facilitate the identification of global motions. 

 

Movie S2: One of the six 500-ns trajectories of PagP and DPC detergents obtained in this work. After 

500 ns, there are two large aggregates, each containing two molecules of PagP. Molecules of PagP and 

DPC are coloured red or blue, and pink or cyan, respectively, based on their molecular aggregate at the 

500-ns timepoint. Periodic images are shown and coloured similarly. Water molecules and ions are 

omitted for clarity. Atomic positions have been time-averaged to facilitate the identification of global 

motions. 

 

Movie S3: Spatial distribution of detergent and protein molecules around a central molecule of PagP. The 

spatial distribution function (SDF) depicts the time- and ensemble-averaged arrangement of (cyan) 

detergent and (red) protein molecules around a (black cartoon) central molecule of PagP. The isodensity 

surface of other protein molecules is drawn at a lower density value than is the isodensity surface of 

detergent molecules. This makes the red protein surface more prominent in that it encloses a larger area 

than it would if all contours were drawn at the same density value. This was done in order to show more 

of the protein arrangements that were produced by detergent-mediated protein aggregation so as to 

include those arrangements that occurred infrequently. 
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SI Methods 

 

Parameterization of LDAO. The crystal structure of PagP in LDAO (PDB ID 1THQ) has a single 

molecule of LDAO bound within the hydrocarbon ruler
1
. To model this detergent, we constructed a 

united atom representation of LDAO by mimicking the Berger lipid parameters2 for POPC3. 

Specifically, parameters for bonds, angles, and dihedrals were taken from the Berger parameters 

for a lipid-headgroup choline group and a saturated acyl chain2. The atomic nomenclature used to 

determine the bonded and non-bonded interactions is depicted in Fig. S2. Lennard-Jones values 

for the oxygen atom were set to those of the fatty acid carbonyl oxygen in POPC. The 

equilibrium length of the N-O bond was taken from the molecule of LDAO in the hydrocarbon 

ruler in the 1THQ structure (0.125 nm). Other bonded parameters involving the O-N bond (bond-

length force constant and parameters for O-N-C angles and O-N-C-C dihedrals) were set to those 

involving (CH3)-N in the Berger choline group. Bonded parameters for the junction between the 

dimethyl amine oxide headgroup of LDAO and its lauryl chain were obtained from the Berger 

lipid parameters2 for POPC3, substituting different Berger atom types where necessary. A 

complete list of the applied bonded parameters that are required by LDAO, but are not provided 

by POPC, is provided in Table S1. 

 To obtain partial charges, two molecules of LDAO were constructed with PyMOL
4
, both 

in all-trans acyl-chain conformations. These two conformations differed in the O-N-C-C dihedral 

angle, which was either 180° or 60°. Mulliken charges5 were computed for each of these 

conformations with RHF/6-31G* quantum mechanical basis set using the Gaussian 98 program6 

after steepest-descent geometry optimization using the same basis set while fixing the O-N-C-C 

dihedral angle. Partial charges obtained from these two computations are shown in Figs. S3A, B. 

Because partial charges are conformationally invariant during our simulations, the partial charges 

obtained from each starting conformation of LDAO were averaged and rounded to a single 

significant digit. This yielded the partial charges that we used in simulations involving LDAO, 

which are shown in Fig. S3C. 
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Figure S2: Atom types used to determine the bonded interactions of (A) LDAO and (B) POPC. 

The simulation system did not contain POPC, which was used as a template to derive LDAO 

parameters. Atom type designations follow the nomenclature of the lipid.itp file obtained from 

the website of Peter Tieleman
7
. Numerical values can be found in the lipid.itp file and the work 

of Berger et al.
2
, using the atom naming outlined in this Figure, given the modifications outlined 

in Table S1. Molecular representations were created with ChemDraw. 
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Table S1: Bonded parameters required by LDAO that are not provided by POPC, and the 

parameters that were used in their place. This united-atom representation of LDAO was 

constructed to mimic the Berger lipid parameters
2
 for POPC

3
. Atom type designations follow the 

nomenclature of the lipid.itp file obtained from the website of Peter Tieleman
7
. Numerical values 

can be found in the lipid.itp file and the work of Berger et al.
2
, using the atom naming outlined in 

Fig. S2, given the modifications outlined in this table. 

Unavailable parameters Used parameters 

Lennard-Jones  

    LOH LO 

Bonds  

    LNL-LOH b0=0.125 nm; kb=LNL-LC3 
a
 

    LH2-LP2 LP2-LP2 

Angles  

    LOH-LNL-LC3 LC3-LNL-LC3 

    LOH-LNL-LH2 Taken from CHARMM27 LDAO parameters 
b
 

    LNH-LH2-LP2 LNH-LH2-LC2 

    LH2-LP2-LP2 LP2-LP2-LP2 

Dihedrals  

    LOH-LNL-LH2-LP2 Omitted 
c
 

    LC3-LNL-LH2-LP2 LC3-LNL-LH2-LC2 

    LNL-LH2-LP2-LP2 LC-LP2-LP2-LP2 

    LH2-LP2-LP2-LP2 LC-LP2-LP2-LP2 

 

(a) b0 is the equilibrium bond length, kb is the bond stretching force constant. The equilibrium 

bond length was obtained from PDB ID 1THQ. The bond stretching force constant was not 

applied during these simulations because all bond lengths were holonomically constrained. 

(b) θ0=113°; kθ=670 kJ/mol/rad
2
 (θ0 is the equilibrium angle, and kθ is the angle stretching force 

constant). 

(c) The dihedral angle of LOH-LNL-LH2-LP2 was not included in the Hamiltonian. 
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Figure S3: Charge determination for LDAO in an all-trans acyl-chain conformation. Charges 

were determined with the O-N-C-C dihedral angle set to (A) 180° or (B) 60°. (C) Selected 

charges for use in MD simulations. In all cases, the distal 10 carbons of the acyl chain were 

uncharged. 
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