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Supplementary Methods

In-silico molecular simulation and modeling to test the capacity of HDG11 protein to bind to
isoprene as well as to thylakoid membrane

Methods
HDG11 START domain Model
Molecular simulation and modeling techniques were combined to develop an atomic model for the
START domain within the homeobox-leucine zipper protein HDG11 (uniprot code Q9FX31) (UniProt,
2015). In turn, this model was tested for its capacity to bind to isoprene as well as to thylakoid membrane
models. The initial protein structure was homology modeled with the RoseTTAfold web server (Baek et
al., 2021) and solvated in explicit water. The initial model was further refined and sampled using the
temperature replica exchange method TIGER2h (Kulke et al., 2018) using NAMD 3.0a9 (Phillips et al.,
2020), which facilitates extensive conformational sampling to identify the most probable protein

conformations to which isoprene may bind.

For simulation, protein and ions force field parameters were defined by the CHARMM36m (Huang et al.,
2017) force field, while water was described with the TIP3P model (Jorgensen et al., 1983). The
simulations were conducted using 4 fs timesteps to increase sampling efficiency. The longer timesteps
required hydrogen mass repartitioning, placing 3 amu on each hydrogen to slow down the fastest
vibrational modes in the system (Hopkins et al., 2015). All covalent bonds involving hydrogen were
constrained with the SETTLE algorithm (Miyamoto & Kollman, 1992) to the optimal length. Periodic
boundary conditions were applied to the system and intermolecular interactions were considered up to 10

A with a switching function starting at 9 A. Interaction pair list tables were generated every 20 steps



between atom pairs within 16 A distance. Long range electrostatic interactions were calculated through
the particle mesh Ewald (PME) (Essmann ef al., 1995) method using a 1 A grid spacing. Temperature and
pressure were controlled by Langevin thermo- and barostats (Grest & Kremer, 1986; Feller et al., 1995)
to the respective replica temperature and pressure described by the Antoine-equation (A=8.14019,
B=1810.94°C, C=244.485°C, result in Torr (Onken et al., 1989) multiplied by three. The higher pressures
prevent water from vaporizing at higher replica temperatures, while liquid water densities do not
significantly change with pressure. All atoms were coupled to the temperature bath with a coupling
constant of 10 ps™. The cell volume oscillation period was set to 200 fs assuming friction that reduced
this oscillation with a 100 fs decay damping time. The replica exchange TIGER2h simulations (Kulke et
al., 2018) utilized 24 temperature replicas spanning 310-450 K. The temperatures for the replicas were
assigned logarithmically with base 10 equidistant over the temperature range (310 K, 315.06 K, 320.21 K,
325.44 K, 330.76 K, 336.16 K, 341.65 K, 347.23 K, 352.9 K, 358.67 K, 364.53 K, 370.48 K, 376.54 K,
382.69 K, 388.94 K, 395.29 K, 401.75 K, 408.31 K, 414.98 K, 421.76 K, 428.65 K, 435.65 K, 442.77 K
and 450 K). The TIGER2h method employs heating and cooling simulation cycles. After sampling the
protein in explicit solvent for 16 ps, all replicas were cooled to 310 K within 4 ps. Exchanges were
evaluated based on the Metropolis sampling criterion (Metropolis et al., 1953) for the protein
conformations at 310 K in implicit solvent calling OpenMM 8.4.5 (Eastman et al., 2017). Afterwards,

temperatures were reassigned and the next cycle continues.

The protein free energy landscape is constructed from the TIGER2h simulation trajectories by
investigating the structure similarity between conformations with dihedral principal component analysis
(dPCA) (Altis et al., 2007). dPCA, in contrast to typical principal component analysis in cartesian
coordinate space, utilizes the rotationally and translationally invariant backbone dihedral angles ¢ and y
to describe internal protein conformation. The first two principal components collective encode 25% of
the variation seen across protein conformations within the TIGER2h simulations. The resulting two-
dimensional density is clustered with the density-based clustering algorithm DBSCAN (Ester et al., 1996)
included in the scikit-learn library (Pedregosa et al., 2011). During the clustering, two sample points were
considered neighboring up to a distance of 0.5 in the parameter space formed by the first two principal

components and density clusters contained at least 600 sample points.

HDG11 binding studies to thylakoid membranes

The most likely protein conformations were tested for their ability to interact with biological membranes,
where isoprene is expected to partition within a cell. The membrane builder interface on the CHARMM-
GUI website (Jo et al., 2008; Wu et al., 2014) was used to generate multiple Arabidopsis thaliana

thylakoid membrane models. Lipid head group and tail compositions were adjusted according to current



lipidomics results, rounding percentages to whole lipid molecules (Table S1) (Block et al., 1983; Block et
al., 2007; Fritz et al., 2007) such that each leaflet had 200 lipids. 60 membranes were prepared in total,
varying only the initially randomized lipid starting positions. The concentration of isoprene in thylakoid
membranes has been reported to be 0.0044 mol% under physiological conditions. In 30 of these
membranes, an excess of 20-mol% isoprene was introduced by substituting water molecules for isoprene.
All membrane systems were equilibrated for 200 ns before proceeding with the protein binding

simulations.

The solvated replica exchange structure of HDG11’s START domain was oriented above the equilibrated
thylakoid membrane in 6 different rotations. The rotations resemble the six faces of an imaginary cube
around the protein with either the x, y, z, -x, -y, or -z plane facing towards the membrane surface. To
improve the sampling statistics, the positional bias in the initial system state was removed by replicating
each protein rotation five times and assigning it one of the prepared membranes with unique lipid starting
positions resulting in 30 positionally different simulations. All systems were simulated for 200 ns.
Intermolecular interaction distances were changed to consider interactions up to 12 A with a switching
function at 10 A. The interaction pair list generation frequency was increased to every 100 steps.
Temperature and pressure were maintained using Langevin thermo-(Grest & Kremer, 1986) and barostats
(Feller et al., 1995) to 298 K and 1 bar, respectively. The thermostat coupling constant was reduced to 1
ps'. The pressure was adjusted separately in xy and z dimension in a semiisotropic ensemble to account
for the different compressibilities of lipids and water molecules. All other simulation parameters are kept

identical to the replica exchange simulation.

Contacts and distances were analyzed in VMD 1.9.4 (Humphrey ef al., 1996) with scripts calculating the
interactions between protein residues and membrane components. An interaction between proteins and

membrane components was defined as a sigmoid function of the distance d in A between heavy atoms.

C) =1/, sa-sh)

The function counts small distance interactions as 1 with a turning point at 4 A, at which point
interactions still count as fractional contacts to account for the fluid nature of some interactions. For
computational efficiency, heavy atom pairs further than 6 A apart were not included in the overall contact

sum. These interactions are ensemble averaged over the trajectories for each amino acid.



Table S1. Membrane lipid compositions and general system parameters.

Headgroup Tails 0 mol-% Isoprene 20 mol-% Isoprene
Lipids MGDG 18:3-16:3 120 120
18:3-18:3 104 104
16:0-18:3 4 4
DGDG 18:3-16:3 8 8
18:3-18:3 80 80
16:0-18:3 20 20
SQDG 16:0-18:3 24 24
16:0-16:0 4 4
PG 16:0-18:3 4 4
18:3-16:1 24 24
PI 16:0-18:3 4 4
Isoprene 0 100
Water 36385%* 36178*
Ions Sodium 224%* 223%*
Chloride 155% 154*
System dimensions [4”] 113.9x113.9x130.3*  113.8x113.8x131.3*

* Values differ slightly between rotations and replicas, depending on the exact geometry
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