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Table S1: Summary of US simulations carried out for this study: US �avor, fosmidomycin
orientation, initial pulling direction, number of umbrella windows Nwin, simulation time per
window tsim, number of parallel replicas during US-HREX, number of repetitions (including
initial pulling).

US �avor orientation Pulling dir Nwin tsim (ns) Nrepl Repetitions

Standalone US 1 EC-to-PP 144 200 - 2
1 PP-to-EC 144 200 - 2

US-HREX 1 EC-to-PP 144 9 24 2
1 PP-to-EC 144 9 24 2

STeUS 1 EC-to-PP 144 200 - 2
1 PP-to-EC 144 200 - 2

REUS 1 EC-to-PP 144 200 - 2
1 PP-to-EC 144 200 - 2
2 EC-to-PP 144 200 - 2
2 PP-to-EC 144 200 - 2
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Figure S1: Umbrella window centers for EC-to-PP (A) and PP-to-EC (B) in orientation 1,
and for both EC-to-PP and PP-to-EC in orientation 2 (C). The same window centers were
used for all umbrella sampling �avor.
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Figure S2: Hamiltonian replica-exchange protocol. (A) Residue types involved in charge
scaling are depicted as balls and sticks, partial charges involved in charge scaling are written
next to the respective atoms. (B) Scheme of our scaling protocol. First, positive charges q+1
through q+N1

were scaled by a factor λ, leading to a net charge of q+out − q+in. To maintain
charge neutrality, a set of N2 negative charges was corrected by −(q+out − q+in)/N2.

3



Figure S3: Temperature state probabilities versus time for window z = 0 nm, revealing
approximately uniform probabilities for all temperature states. Curves were smoothed with
the Scipy module uniform_filter1d1 with a �lter size of 500 points.
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Figure S4: Protocol for optimizing the distance between neighboring umbrella windows for
REUS. Series of simulations were carried out to compute average probabilities of exchange
rejection between windows. From these probabilities, linear relationships between probabil-
ities and distances between US windows were assumed. From this linear relationships, we
selected centers of umbrella windows such that a rejection probability of approx. 0.64% was
expected (acceptance probability of approx. 0.36%).
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Figure S5: Average exchange probabilities between umbrella windows after 200 ns of pro-
duction simulation for two forward replicates (A�B), and two reverse replicates (C�D) in
orientation 1. Umbrella windows that were allowed to exchange con�gurations are shown
with the same color. Each point shows the average exchange probability between the um-
brella window centered at the respective z value with the preceding umbrella window along
the z-axis. Probability region between the two horizontal black lines indicates the target
region used for optimizing the umbrella window spacing.
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Figure S6: Average exchange probabilities between umbrella windows after 200 ns of pro-
duction simulation for two forward replicates (A�B), and two reverse transition (C�D) in
orientation 2. For more details, see legend of Fig. S5
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Figure S7: Umbrella windows during the �rst 100 ns (upper graph) and last 100 ns (lower
graph) for REUS in orientation 1, PP-to-EC, replica 1.
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Figure S8: Umbrella windows during the �rst 100 ns (upper graph) and last 100 ns (lower
graph) for REUS in orientation 1, PP-to-EC, replica 2.
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Figure S9: Umbrella windows during the �rst 100 ns (upper graph) and last 100 ns (lower
graph) for REUS in orientation 1, EC-to-PP, replica 1.
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Figure S10: Umbrella windows during the �rst 100 ns (upper graph) and last 100 ns (lower
graph) for REUS in orientation 1, EC-to-PP, replica 2.
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Figure S11: Umbrella windows during the �rst 100 ns (upper graph) and last 100 ns (lower
graph) for REUS in orientation 2, PP-to-EC, replica 1.
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Figure S12: Umbrella windows during the �rst 100 ns (upper graph) and last 100 ns (lower
graph) for REUS in orientation 2, PP-to-EC, replica 2.
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Figure S13: Umbrella windows during the �rst 100 ns (upper graph) and last 100 ns (lower
graph) for REUS in orientation 2, EC-to-PP, replica 1.
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Figure S14: Umbrella windows during the �rst 100 ns (upper graph) and last 100 ns (lower
graph) for REUS in orientation 2, EC-to-PP, replica 2.
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