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Table S1 Results of the CHARMM minimized structure of the naturally linked system, with generated starting conformations (G to G4) and
of minimizations based on the crystal structure. The values for the crystal structure and the gas-phase optimized linker length before insertion
into the protein are also presented. Bold values are averaged across G to Gy4.

Conformation Initial (G-P) Opt-Linker SD [A] Tled4 SD [A]
linker length [A]  length [A] distance [A]

Crystal, M 10.17 10.70 0.23 11.51 0.13

G, M 4.38 8.99 0.09 11.29 0.15

G, M 4.71 7.59 0.36 11.81 0.25

G3, M 4.72 7.31 0.22 10.80 0.21

Gy, M 7.31 10.97 0.18 11.75 0.28
5.28 8.72 0.21 11.41 0.22

Table S2 Results of the SCC-DFTB/MM minimized structure of the naturally and synthetically linked system, with generated starting
conformations (G to G4) and of minimizations based on the crystal structure. The values for the crystal structure and the gas-phase optimized
linker length before insertion into the protein are also presented. Bold values are averaged across G to Gy.

Conformation Initial (G-P) Opt-Linker SD [A] Tled4 SD [A]
linker length [A]  length [A] distance [A]
Crystal, Q 10.17 10.38 0.30 11.75 0.27
G1,Q 438 10.16 0.40 11.79 0.21
G, Q 4.71 5.38 0.09 12.29 0.11
G3,Q 4.72 6.28 0.41 11.44 0.21
Ga, Q 7.31 11.33 0.45 11.87 0.21
5.28 8.29 0.34 11.85 0.19
G1,Q 10.28 11.75 0.17 11.63 0.07
G» Q 5.37 11.28 0.15 11.11 0.17
G3, Q 10.23 11.48 0.14 11.85 0.19
Ga, Q 7.55 11.04 0.14 11.84 0.09
8.36 11.39 0.15 11.61 0.13

Table S3 Results of the DFT/CHARMM based optimization of the naturally and synthetically linked system with generated starting
conformations (G to G4) and of optimitations based on the crystal structure. The values for the crystal structure and the gas-phase optimized
linker length before insertion into the protein are also presented. Bold values are averaged across G to Gy.

Conformation Initial (G-P) Opt-Linker SD [A] Iled4 SD [A]
linker length [A]  length [A] distance [A]
Crystal, Q 10.17 10.57 0.30 11.72 0.15
G1,Q 4.38 10.17 0.43 11.80 0.28
G, Q 4.71 5.37 0.16 12.31 0.10
G3,Q 4.72 6.21 0.35 11.46 0.26
G4, Q 7.31 10.28 0.44 11.90 0.15
5.28 8.01 0.35 11.87 0.20
G1,Q 10.28 11.70 0.16 11.69 0.09
G, Q 5.37 11.28 0.18 11.21 0.18
G3,Q 10.23 11.43 0.22 11.89 0.14
G4, Q 7.55 10.99 0.12 12.01 0.16
8.36 11.35 0.17 11.70 0.14
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Table S4 Results of MD simulations using a pure force-field for the NL structure with generated starting conformations (G to G4) and of
simulations based on the crystal structure. The values for the crystal structure and the gas-phase optimized linker length before insertion into

the protein are also presented. Bold values are averaged across Gy to Gg.

Conformation Initial (G-P) Opt-Linker SD [A] Iled4 SD [A]
linker length [A]  length [A] distance [A]

Crystal, M 10.17 10.484+0.07 0.35+0.06 11.654+0.15 0.29+0.02

G, M 4.38 9.124+0.07 0.204+0.01 11.76+0.06 0.334+0.04

Gy, M 4.71 7.0540.94 0.38+0.02 12.06+0.17 0.39+0.06

G3, M 4.72 7744124 0.594+0.05 12.34+0.82 0.48+0.06

G4, M 7.31 10.85+0.03 0.36+0.15 11.864+0.22 0.34+0.02
5.28 8.69+0.57 0.38+0.06 12.01+0.32 0.39+0.05

Table S5 Measured distances between and to atoms of the amino acids of the hydrophibic patches. Shown are the averages and standard
deviations over QM/MM MD simulations of the naturally linked system based on the crystal structure and all trajectories of the synthetically

linked system. The differences between both systems are shown in bold.

Distance between Native diUb  Artificially linked diUb  Difference
Ubpoxlled44-Cq  Ubgiglled4-C,, 1170 £ 0.06 11.77 £ 0.05 -0.07
Ubproxlle44-Cg Ubgigille44-Cy 8.99 4+ 0.06 9.05 + 0.05 -0.06
Ubpox Val70-Cy, - Ubygi Val70-C - 10.12 £ 0.10 10.00 £ 0.07 0.13
Ubprox Val70-Cg  Ubgis Val70-Cg 7.43 £ 0.06 7.30 £+ 0.09 0.14
UbproxLeu8-Cq Ubgiglleu8-Co  9.82 +0.20 10.38 £0.13 -0.56
UbproxLeu8-Cg UbygigLeu8-Cp 8.32£0.13 8.70 £ 0.09 -0.38
Ubproxlle44-Co UbgiVal70-Co 7.74 £ 0.07 7.67 + 0.03 0.07
Ubproxlle44-Cq Ubgiglleu8-Co  7.79 £ 0.07 7.59 £0.11 0.20
Ubpox Val70-Cy,  UbgiLeu8-Co  10.77 £ 0.11 10.82 + 0.12 -0.06
Residue 48-C,  Ubygi Val70-Co  5.68 £+ 0.07 6.09 +0.11 -0.41
Residue 48-C,  UbgiiLeu8-C,  7.72 £0.19 7.62 + 0.08 0.10
Residue 48-C,  Ubgislle44-C,, 11.64 £+ 0.06 12.10 £ 0.09 -0.46
Residue 48-Cq Ubpox Val70-Co 11.91 £ 0.03 12.02 + 0.06 -0.11
Residue 48-Cy, UbproxLeu8-Cy  13.54 £0.10 13.82 + 0.09 -0.28
Residue 48-Cq  Ubpox1le44-C,, 551 £0.04 5.59 + 0.04 -0.08
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Figure S1 The RMSD between the original crystal strucutre (1IDQ) and various models during the MD trajectory after equilibration. Only

backbone atoms are considered. The residues within the linking region are excluded.
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Figure S2 The RMSD between the original crystal strucutre (1IDQ) and various models during the MD trajectory after equilibration, plotted
as a stack chart to more clearly display the trend of the RMSD over time. Only backbone atoms are considered. The residues within the
linking region are excluded.
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The CHARMM parameters and additional topology file entries for the synthetic linker:
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