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1. Parametrisation of 5-PC nitroxide spin probe

Quantum chemical calculations of 5PC spin probe were performed with the Gaussian16’
software package, to obtain partial charges using the restricted electrostatic potential approach
(RESP) carried out with the RED software?. Force-field parameters for the new atom types of the
nitroxide moiety in 5-PC (the unsaturated carbon atoms of the nitroxide ring, the saturated
carbon atoms of the nitroxide ring, the nitrogen and the oxygen) were taken from a combination
of geometry optimisation calculations in the gas phase and previous calculations. Equilibrium
bond lengths and angles were taken directly from the minimised energy structures. Force
constants were interpolated using the reference values in the AMBER99 force field® and the
guantum mechanical calculations of Barone and co-workers®. Torsional parameters were

calculated as described previously®.

2. Prediction of EPR spectra from MD simulations

A trajectory-based approach for prediction of the spectral line shapes employs the Liouville von
Neumann equation in the semi-classical approximation, often called the Langevin form of the

Stochastic Liouville Equation:©5®
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where p(t) is a density matrix of the system and the Liouvillian f is a superoperator

anticommutator of the spin-Hamiltonian (expressed in the units of h), f(t) = [H(t), -]. The

spin-Hamiltonian of the nitroxide probe is given by”®:
ﬁ(t) = ﬁgzgzz (t)B + ngzz(t)iz + ngzx (t)ix + ngzy(t)iy (52)

For each orientation of the spin probe in the laboratory frame Q(t) the appropriate elements of

the g- and A-tensors are determined from:

g(t) = R(Q(1)gaR" (2(D) (S3)
A(t) = R(Q(D))A4RT(QMD) (S4)

where gsand Aq are the tensors diagonalised in the frame of the nitroxide and R(Q(t)) is the Euler

matrix for the rotation from the nitroxide to the laboratory frame5”1°,

The form of spin-Hamiltonian (S2) allows explicit analytical solutions for both the eigenvalues
and eigenvectors’. At each time increment At the initial propagation of the spin density matrix is
achieved analytically in Hilbert space using the expressions for both eigenvalues and
eigenvectors of the Spin-Hamiltonian as reported previously”"". For sufficiently small At

propagation is carried out using the following approximation:

p(t + At) = exp (—ii(t)At)p(t) (S5)

In the Hilbert space Eq (S5) is equivalent to the following unitary transformation of the density

matrix occurring during At time interval:

p(t + At) = exp (—iH(t)At)p(t)exp (iH(t)At) (S6)

where the unitary transformation:

exp(—iH(t)At) = V(t)exp (iD(©)A)V*(t) (S7)

is expressed in terms of V and D which are the matrix of the eigenvector columns and diagonal

matrix of the eigenvalues, respectively, of the SH (S2) for each orientation Q(t). A sufficient



number of propagations from randomly selected initial points in the MD trajectory are generated
and used for statistical averaging. Statistical averaging was achieved by the “sliding time window
technique” allowing the use of single MD trajectories for predicting EPR line shapes®''. Additional
angular averaging is carried out in order to account for even distribution of lipid bilayers in the

sample.

In most cases the rotational dynamics associated with the nitroxide spin labels and probes falls
within the 0.1 ns - 100 ns timescale. In the current work relatively long total MD trajectories
allowed the simulation of EPR spectra directly by propagation of the spin density matrix along the

required sampling time using Equations (S5) - (S7) without further approximations.

Once propagation of the spin density matrix is completed EPR line shapes are obtained by
applying a Fourier transform to the time dependent averaged transverse magnetisation
(M (b)) into the frequency of field domain. (M, (t)) is calculated according
to:

(M. (8)) < Tr(S4p(t)) (S8)

All spectra have been simulated using the MD-EPR simulation suite SpinMolDyn (formerly

EPRSSP_DYN)®&™-"2



3. Fitting of the correlation functions of the z-axis of POPC lipid at C position 5 in the sn-1

chain

POPC C25 z-axis in a POPC lipid bilayer without (LA)12 peptides at 293 K POPC C25 z-axis in a POPC lipid bilayer with 1 mol% (LA)12 peptides at 293 K
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Figure S1. Autocorrelation functions of the molecular z-axis of POPC lipid at carbon position 5in
the sn-1 chain, defined as the cross product between two C-H adjoin bond, for different % mol
concentrations of (LA). peptides at 293 K. Autocorrelation functions calculated from MD
trajectories using Eq (1) and their bi-exponential fittings using Eq (3) from the main text are shown
by blue and green lines, respectively.
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