








Supplementary Tables

Supplementary Table 1. Intermolecular interactions between Cp40 and C3b observed in the crystal
structure

Cp40 C3b Interaction type
Residue Atom(s)/Group Residue Atom(s)/Group
D-Tyr1 Side chain Val375 Side chain Lipophilic
O-H Ser388 0=C H-bond
C=0 Asn390 H-N H-bond
lle2 Side chain Pro347 Side chain Lipophilic
Side chain Ser388 Side chain Lipophilic
Cys3 N-H Asn390 0=C H-bond
Val4 Side chain Met346 Side chain Lipophilic
Side chain Pro347 Side chain Lipophilic
Side chain Leud54 Side chain Lipophilic
Side chain Arg456 Side chain Lipophilic
N-MeTrp5 Side chain Gly345 Ca Lipophilic
N-H Gly345 0=C H-bond
Side chain His392 Side chain Lipophilic
methyl Asn390 Side chain Lipophilic
Side chain Pro393 Side chain Lipophilic
C=0 Arg456 H-N H-bond
GIn6 Side chain N-H Leud455 0=C H-bond
Side chain C=0 Met457 H-N H-bond
Asp7 none
Trp8 Side chain Leu455 Side chain Lipophilic
Side chain N-H Met457 0=C H-bond
Side chain Arg459 Side chain Lipophilic
Side chain Glu462 Side chain Lipophilic
Side chain Asp491 Side chain Lipophilic
Sar9 Ca Asp491 Side chain Lipophilic
Ala10 None
His11 Backbone N-H Asp491 Side chain H-bond
Side chain N-H Asp491 Side chain H-bond
Side chain Leud92 Side chain Lipophilic
Arg12 None
Cys13 None
Me-lle14 None




Supplementary Table 2. Binding energy of intermolecular lipophilic interaction observed during the MD
simulations of compstatin analogs Cp40 and Cp01 bound to 8-chain MG core of C3b.

Cp40 Cp01 A (in favor for Cp40)
Binding energy Binding energy

residue [kcal/mol] residue [kcal/mol] [kcal/mol]
sum -69.0 sum -62.5 -6.5
D-Tyr1 -6.0 Acetyl1 -0.4 -5.6
lle2 -6.2 lle2 -5.6 -0.5
Cys3 -1.3 Cys3 -1.2 -0.1
Val4 -9.0 Val4 -9.1 0.1
1-Me-Trp5 -15.5 Trp5 -14.3 -1.2
Gin6 -2.8 GIn6 -2.8 0.1
Asp7 -0.9 Asp7 -1.2 0.3
Trp8 -19.0 Trp8 -19.8 0.7
Sar9 -1.1 Gly9 -0.9 -0.2
Ala10 -0.8 Ala10 -0.8 -0.1
His11 -6.2 His11 -6.2 0.0
Arg12 -0.1 Arg12 0.0 -0.1
Cys13 -0.1 Cys13 -0.1 0.1
mlle14 0.0 Thr14 0.0 0.0
CONH215 0.0 CONHz15 0.0 0.0

Supplementary Table 3. Binding energy of intermolecular hydrogen bonds observed during the MD
simulations of compstatin analogs Cp40 and Cp01 bound to B-chain MG core of C3b.

Cp40 Cp01 A (in favor for Cp40)
Binding energy Binding energy

residue [kcal/mol] residue [kcal/mol] [kcal/mol]
sum -35.7 sum -32.3 -3.4
D-Tyr1 -6.0 Acetyl1 -1.5 -4.4
lle2 0.0 lle2 0.0 0.0
Cys3 -2.4 Cys3 -1.9 -0.6
Val4 0.0 Val4 0.0 0.0
1-Me-Trp5 4.5 Trp5 -5.4 0.9
GIn6 -4.1 GIn6 -3.7 -0.4
Asp7 -6.3 Asp7 -7.3 1.0
Trp8 -2.9 Trp8 -2.4 -0.5
Sar9 0.0 Gly9 0.0 0.0
Ala10 -2.7 Ala10 -3.2 0.5
His11 -6.5 His11 -6.8 0.2
Arg12 -0.1 Arg12 0.0 -0.1
Cys13 0.0 Cys13 0.0 0.0
mile14 0.0 Thr14 0.0 0.0

CONH215 0.0 CONH215 0.0 0.0




Supplementary Table 4. Binding energy of intramolecular hydrogen bonds observed during the MD
simulations of compstatin analogs Cp40 and Cp01 bound to 8-chain MG core of C3b.

Cp40 Cp01 A (in favor for Cp40)
Binding energy Binding energy

residue [kcal/mol] residue [kcal/mol] [kcal/mol]
sum -17.0 sum -22.1 5.1
D-Tyr1 0.0 Acetyl1 -0.3 0.3
lle2 0.0 lle2 0.0 0.0
Cys3 0.0 Cys3 -0.3 0.3
Val4 4.9 Val4 -4.9 0.0
1-Me-Trp5 -4.9 Trp5 -4.9 0.0
GIn6 -2.1 GIn6 -2.1 0.0
Asp7 -0.9 Asp7 -0.8 -0.1
Trp8 -0.1 Trp8 -0.1 0.0
Sar9 1.4 Gly9 -1.2 -0.2
Ala10 -0.4 Ala10 -0.5 0.1
His11 -3.5 His11 -3.2 -0.3
Arg12 -2.4 Arg12 -2.2 -0.2
Cys13 -1.3 Cys13 -4.4 3.1
mlle14 0.0 Thr14 -2.9 29
CONH215 0.0 CONHz15 -0.1 0.1

Supplementary Table 5. Binding energy of intramolecular lipophilic interactions observed during the MD
simulations of compstatin analogs Cp40 and Cp01 bound to B-chain MG core of C3b.

Cp40 Cp01 A (in favor for Cp40)
Binding energy Binding energy
residue [kcal/mol] residue [kcal/mol] [kecal/mol]

sum -99.7 sum -84.7 -15.0
D-Tyr1 4.5 Acetyl1 -0.9 -3.6
lle2 -6.0 lle2 -2.2 -3.8
Cys3 -6.4 Cys3 -5.8 -0.5
Val4 -8.1 Val4 -7.8 -0.3
1-Me-Trp5 -9.3 Trp5 -9.5 0.2
GIn6 -11.9 GIn6 -12.1 0.2
Asp7 -6.1 Asp7 -4.6 -1.5
Trp8 -11.9 Trp8 -10.7 -1.2
Sar9 4.7 Gly9 2.7 -2.0
Ala10 -2.9 Ala10 -2.8 -0.1
His11 -6.0 His11 -5.8 -0.2
Arg12 -8.1 Arg12 -7.3 -0.8
Cys13 -8.0 Cys13 -6.6 -1.4
mlle14 -6.0 Thr14 -6.0 0.0

CONH215 -6.0 CONHz15 -6.0 0.0



Supplementary Table 6: Cp40 derivatives synthesized for this study, including sequence, expected and

found molecular weight (MW), and purity as determined by analytical HPLC.

Peptide Sequence’ MW calc. MW found Purity?
[Da] m/z [%]
Cp40 ylICV(1MeW)QDWSarAHRCmI 1787.8 894.9/2+ 93.7
Cp40 y1Y YICV(1MeW)QDWSarAHRCmI 1787.8 894.9/2+ 100.0
Cp40 y1A AICV(1MeW)QDWSarAHRCmI 1695.8 849.3/2+ 97.2
Cp40 y1a alCV(1MeW)QDWSarAHRCmI 1695.8 849.3/2+ 97.9
Cp40 (1MeW)5W yICVWQDWSarAHRCmI 1773.8 888.2/2+  100.0
Cp40 (1MeW)5(1EtW) ylICV(1EtW)QDWSarAHRCm 1801.9 902.2/2+ 96.9
Cp40 (1MeW)5(1BuW) ylICV(1BuW)QDWSarAHRCmI 1829.9 916.2/2+ 97.5
Cp40 (1MeW)5(1MPW) ylCV(1MPW)QDWSarAHRCml 1843.9 923.2/2+  100.0
Cp40 D7E ylICV(1MeW)QEWSarAHRCmI 1801.9 901.6/2+ 99.9
Cp40 D7S ylICV(1MeW)QSWSarAHRCm 1759.9 881.9/2+ 100.0
Cp40 Sar9G ylCV(1MeW)QDWGAHRCmI 1773.8 888.5/2+ 79.33
Cp40 R12K ylICV(1MeW)QDWSarAHKCmI 1759.9 881.1/2+  100.0
Cp40 R12Cit ylICV(1MeW)QDWSarAHCitCml 1788.8 895.4/2+ 94.3
Cp40 R12S ylICV(1MeW)QDWSarAHSCm 1718.8 860.8/2+ 96.1
Cp40 mI14T ylICV(1MeW)QDWSarAHRCT 1761.8 881.9/2+ 97.4
Cp40 mI14A ylICV(1MeW)QDWSarAHRCA 1731.8 867.1/2+  100.0
Cp40 Aml14 ylCV(1MeW)QDWSarAHRC 1660.8 831.3/2+  100.0
Cp40 D7S/R12S ylICV(1MeW)QSWSarAHSCml 1690.8 846.7/2+ 94.2

"Abbreviations: 1BuW, 1-butyl-L-tryptophan; 1EtW, 1-ethyl-L-tryptophan; 1MeW, 1-Methyl-L-tryptophan; 1MPW, 1-(3-
methyl)-propyl-L-tryptophan; Cit, L-citrulline; ml, N-methyl-L-Isoleucine; Sar, L-sarcosine. 2Purity determined at 214 nm.
3Derivative coeluted with impurity on reverse phase HPLC.
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Supplementary Figure 1. Electron density (a) and b-factors (b) of the Cp40-C3b structure. The major domain
areas are depicted in panel a with cyan labels marking parts of the a-chain and green labels regions of the (-
chain of C3b. c) Comparison of the crystal packing of the C3b-Cp40 structure with the published structures of
uncomplexed C3b (PDB 2107), C3b-MCP (5FO8) and C3b-FH CCP1-4 (2WII). The central C3b is shown in
cyan with its CUB domain highlighted in red; crystal mates are shown in grey. CCP, complement control protein
domain; MCP, membrane cofactor protein.
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Supplementary Figure 2. Electron density (a), omit map (b) and b-factors (c) of the isolated Cp40 part
within the Cp40-C3b structure. The amino acid sequence of Cp40 is indicated in panel c.

Supplementary Figure 3. Superimposition of the published solution structures of compstatin (a; 1A1P, blue)
and Cp10 (b; red) and the bound structure of Cp05 (c; 2QKI, grey) with the C3b-bound structure of Cp40
(green). The main chains are shown as backbone cartoon, the side chains as lines. d) Superimposition of all
structures.
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Supplementary Figure 4. Shielding and stabilization of structural water by Trp(Me)5 in Cp40. a) Comparison
of the Cp01-C3c (left) and Cp40-C3b (right) structures showing the reduced accessibility of water in the
presence of the indole N-methyl group. Solvent-accessible surfaces are depicted as semi-transparent surface
for the protein and as mesh for the peptide. b) Residence of water molecules at the Trp(Me)5 site as measured
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Supplementary Figure 5. Interaction of Cp40 residue mlle-14 with crystal mate in the C3b-Cp40 crystal
structure. a) Position of Cp40 between the target C3b and a C3b crystal mate. Close-up view suggesting
potential hydrophobic contacts between lle2 of Cp40 and Met968 of the C3b crystal mate. b) Superimposition
of Cp40 extracted from the C3b-Cp40 crystal structure (green) with various poses of the MD simulation of
target-bound Cp40 (only peptide part is shown; grey), showing that the extended, solvent-exposed position of
mlle14 is unique to the crystal structure. ¢) During MD simulation, mlle14 engages in notably more
intramolecular hydrophobic contacts (brown dashed lines) than suggested by the C3b-Cp40 crystal structure.
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Supplementary Figure 6. Transient electrostatic interaction between Asp7 of Cp40 and Arg459 of C3b as
suggested by MD simulations. a) Representative MD frames showing states with the salt bridge fully, partially
or not formed. B) Distance measurements between the Cy atom of Asp4 and the C¢ of Arg459 during three
independent MD simulation runs, demonstrating a close proximity between the two residues during a majority
of the simulations.
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Supplementary Figure 7. Expansion of the alphatic substituent on the indole nitrogen of (1MeW)5 in Cp01 to
address a hydrophobic grove on the C3/C3b/C3c binding site. a-b) Cp01-C3c structure showing the positioning
of the W5 indole nitrogen toward a hydrophobic cleft formed by N390, T391 and H392 of C3c. c) Chemical
structures of Trp derivatives used at position 5 of Cp40 analogs. d) SPR sensorgrams of Cp40 derivatives
containing Trp analogs at position 5. e) Kinetic profiles of Cp40-Trp analogs based on three SPR experiments.
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Supplementary Figure 8. Composition of the structural model of the C3:C3bBb interaction, and interference
by compstatin analog Cp40, based on the C3b-Cp40 crystal structure of this study and the published structures
of C3 (PDBID 2A73) and C3b2Bb2SCIN2 (PDBID 2WIN). a) Assembly of the structural model by stepwise
alignment and removal of protein structures using 2WIN as template. b) Closeup view of the proposed C3:C3b
dimerization interface (cartoons) in absence (left) and presence (right) of C3-bound and C3b-bound Cp40
(main chains as cartoons, side chains as sticks).
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Supplementary Figure 9. Effect of Cp40 on the interaction between soluble C5 (500 nM) and surface-
immobilized C4b as assessed by SPR. In the absence of Cp40 binding sites on either C4 or C5, the inhibitor
shows no interference with the C5-C4b interaction.
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Supplementary Figure 10. Target binding of mono- and bivalent compstatin analogs. a) Correlation between
solution (ITC, C3c) and surface (SPR, C3b) binding of compstatin analogs. b) Comparison between
monovalent Cp05 and bivalent Cp05-PEG-Cp05 after normalizing the SPR signal by the molecular weight of
the analogs, indicating a reduced surface binding capacity of the larger, bivalent derivative. ¢) Comparison
between Cp05 and its Cp05-AAE derivative, which contains an AAE linker to enable attachment to the PEG-
40k unit. Whereas the overall binding profiles remained similar, the linker causes an expected increase in SPR
signal intensity (molecular weight) and a slight enhancement of binding affinity.
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Supplementary Figure 11. Species specificity analysis of Cp40. a) Superimposition of the crystal structure of
Cp40 (green) with human C3b (dark red) and 10 iterations of a homology model of mouse C3b (light red). b)
Visualization of amino acid differences between mouse and human C3b in MG4/MGS5 region of C3b. The
binding area of Cp40 (green) is shown in cyan. On the surface of human C3b (grey), identical residues are
shown in white, homologous residues in orange, and non-homologous in either pale red (outside the Cp40
binding site) or dark red (within the Cp40 binding site). ¢) Sequence alignment (CLUSTAL Omega) of C3 from
human, cynomolgous monkey, pig, cow, guinea pig, mouse and rat, with non-homologous binding site residues
highlighted in red.
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Supplementary Figure 12. HPLC chromatograms of Cp40 derivatives used in this study.
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Supplementary Figure 13. HPLC chromatograms of Cp40 derivatives used in this study.
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