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SUPPLEMENTAL METHODS 

NS3-4A expression and purification for affinity enrichment - The NS3-4A single chain protein 

was constructed according to Dimasi et al. (1) with the HCV replicon I389/NS3-3'UTR (AJ242654). 

The pMALc4E expression vector (New England BioLabs) containing the NS3-4A single chain insert 

was transformed into TOP10 F´ cells. 200 mL 2xYT medium inoculated with a starter culture were 

grown at 37 °C and 180 rpm to an OD600 of about 0.5 and protein production was induced with the 

addition of 0.4 mM IPTG. After protein production for 3 h at 30 °C the cells were collected by 

centrifugation and the cell pellets were stored at -20 °C over night. The pellet was thawed on ice and 

resuspended in 1/10 lysis buffer (50 mM TrisHCl pH 8, 0.1 % Triton X100, 50 µg/mL DNAseI, 1 

mg/mL lysozyme, 500 mM NaCl, 5 mM ß-mercaptoethanol, 5 mM imidazole, 10 % glycerol). The 

cells were lysed for 30 min at 4°C under agitation. Insoluble material was removed by centrifugation 

at 14,000 rpm and 4 °C for 20 min. The supernatant containing the soluble cytosolic proteins was used 

for protein purification. HIS-Select nickel affinity gel was washed with 10 gel volumes wash buffer 

(50 mM TrisHCl pH 8, 300 mM NaCl, 10 % glycerol, 0.05 % Tween 20, 5 mM ß-mercaptoethanol, 10 

mM imidazole) and centrifuged for 5 min at 5000 g and 4 °C. The cell extract was added to the HIS-

Select gel and incubated for 30 min at 4 °C in an overhead shaker. The HIS-Select gel was washed 3 

times with 10 volumes wash buffer and bound protein was eluted with two volumes of HIS-Select 

elution buffer (wash buffer with 250 mM imidazole) for 15 min at 4 °C in an overhead shaker. The gel 

was removed by centrifugation and the elution fraction dialyzed against 50 mM TrisHCl pH 7.5, 300 

mM NaCl, 20 % (v/v) glycerol, 0.05 % (v/v) Tween 20, 5 mM DTT for 4 h at 4 °C (VISKING dialysis 

membrane, 14 kDa cut off). After dialysis the protein solution was stored at -80 °C.  

NS3-4A expression and purification for crystallization - For large batch expression the NS3-4A 

construct was cloned into the pET28c expression vector (Novagen). The pET28c expression 

containing the NS3-4A single chain insert was transformed into E. coli Rosetta2 (DE3) cells. 2 L TB 

medium in Fernbach flasks inoculated with a starter culture were incubated at 37 °C and 130 rpm for 

3.5 h and at 18 °C and 130 rpm for 2 h. Expression was induced by addition of 0.4 mM IPTG and the 

culture was incubated at 18 °C for 22 h. The harvest cell pellets were stored at -20 °C over night, 

thawed on ice, resuspended in 1/10 lysis buffer (50 mM TrisHCl pH 8, 500 mM NaCl, 5 mM 

imidazole, 5 mM ß-mercaptoethanol, 0.2 % LDAO, 10 % (v/v) glycerol; 25µg/mL DNAseI) and lysed 

with a homogenizer (TS Series Benchtop; Constant Systems Ltd). The insoluble material was removed 

by centrifugation twice at 16,000 rpm and 4 °C for 20 min. The cell extract containing the soluble 

cytosolic proteins was loaded onto the Profinia protein purification instrument (BioRad). The protein 

was finally eluted after two purification steps from the desalting cartridge in 50 mM Na-acetate pH 

6.3, 500 mM NaCl, 5 mM DTT, 0.6 mM LDAO, 10 % (v/v) glycerol and stored at -80 °C. 

Peptide expression and purification - The peptides K5-66, K6-10, CP5-46 and CP5-46-4D5E for 

NS3-4A activity measurements were produced with the pMAL expression system (New England 

BioLabs) similar to the MBP-NS3-4A protease. The DNA encoding the peptide was inserted into the 
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pMAL-c4E vector down-stream from the malE gene, which encodes the maltose-binding protein 

(MBP). For PCR amplification the corresponding peptide phagemid DNA served as a template. The 3` 

primer introduced a 3` PstI restriction site and a C-terminal His6-Tag with a GS-linker. The 5` KpnI 

restriction site was not used due to its location at the C-terminal constant region of the library peptide. 

Therefore the pMAL-c4E vector was prepared by cutting with KpnI and adjacent removal of 3’ 

overhang with T4 polymerase. The blunt ended vector was cut with PstI and dephosphorylated. The 5` 

blunt end of phosphorylated peptide insert was ligated into the pMAL-c4E vector and transformed into 

E. coli Top10 F´cells. The MBP fusion peptides were produced in soluble form at 30 °C. The MBP-

peptides were purified by IMAC and the buffer of the elution fraction was exchanged using an 

Amicon Ultra-4 centrifugal filter (10 kDa; Millipore). The peptides in buffer M2235 (50 mM HEPES 

pH 7.8, 100 mM NaCl, 20 % (v/v) glycerol, 5 mM DTT, 0.6 mM LDAO) were stored at -80 °C until 

usage. 

Cosmix-plexing - In the first restriction reaction 5 µg of the library phagemid DNA was cleaved at 

the BsrDI type IIs restriction enzyme site located inside the library peptide. The DNA (2 µg/µL) was 

ligated with the Quick Ligation Kit (New England BioLabs) to form concatemers. The ligase was 

inactivated for 20 min at 65 °C and the DNA was diluted 1:8 with ddH2O and the concatemers were 

cleaved with the restriction enzyme BglI at a site located outside of the library sequence. After the 

second restriction the phagemid DNA was ligated at a concentration < 20 ng/µL to favor 

intramolecular ligation. The ligated DNA was transformed into electro-competent E. coli Top 10 F` λ+ 

cells. 

Cell culture replicon assay - For the replicon assay 4 x 106 cells (Lunet N#3 hCD81_G-

Luc_BLR) were transfected by electroporation (270 V, 975 µF, 4 mm cuvette) with 5 µg in vitro-

transcribed HCV Con1 replicon ‘i341 PiLuc/3-3´/ET’ RNA (2). The cells were seeded on a 96 well 

plate (20000 cells/well in 200 µL medium) and incubated at 37 °C for 4-5 h. After incubation 

inhibitory peptides were added in different concentrations. Addition of water or buffer was used as a 

negative control, while 1 ng/mL IFN was used as positive control. The medium of the cells was 

changed to the medium containing the inhibitors in different concentrations (duplicates) or the 

controls. The cells were incubated for 48 h with the inhibitors and then used for a luciferase assay. The 

cells were washed once with 1xPBS and lysed by sonication/trypsin. After substrate addition the 

firefly luciferase activity was detected with a plate luminometer. Luciferase levels are tightly 

correlated to the replication of the replicon. For analysis of cell viability the gaussia luciferase activity 

was measured. 

Specificity of NS3-4A inhibition - The inhibition of the serine proteases swine trypsin (Carl Roth), 

bovine chymotrypsin (Carl Roth) and human neutrophil elastase (MD Biosciences) by peptide CP5-46 

was tested. Trypsin: 5 µM protease, 800 µM substrate N-α-benzoyl-DL-Arg-pNA in 100 mM TrisHCl 

pH 8, 20 mM CaCl2. Chymotrypsin: 300 nM protease, 200 µM substrate Succinyl-Ala-Ala-Pro-Phe-

pNA in 40mM HEPES pH 7.5, 15mM CaCl2. Elastase: 20 nM protease, 200 µM substrate Succinyl-
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Ala-Ala-Ala-pNA in 100mM TrisHCl pH 8, 20mM CaCl2. The concentration of peptide CP5-46 and 

positive control aprotinin was 50 µM. For negative control reactions inhibitors were omitted. 

Absorbance increase of free p-nitroanilin at 405 nm was recorded every 30 s for 20 min with a 

microplate reader (Tecan Sunrise). The velocity of the absorbance increase was normalized to the 

control reaction (100%). Each measurement was carried out in duplicate. 

Packaging of peptide phage display library CPL19YS-2 - The peptide phage display library 

CPL19YS-2 was existent in E. coli Top 10 F` λ+ cells. The library peptide comprises 33 aa from which 

26 aa are variable. At degenerate codons the amino acids Glu, Lys, Gln and Trp are absent. Due to 

three type IIs restriction sites, which are also integrated in the library peptide sequence, the peptide 

scaffold consists of four cassettes, allowing recombination of the peptide coding region with the 

cosmix-plexing method (3). The theoretical complexity of variants in the whole library is 1.6 × 1025, 

but the highest complexity within a single cassette is 5.5 × 107 resulting in a 3-fold coverage of the 

actual library which comprises approximately 1.8 × 108 independent clones. For packaging into 

phagemid particles 200 mL 2xYT medium with 100 µg/mL ampicillin and 6 µg/mL tetracycline were 

inoculated from a glycerol stock to an OD600 of about 0.1. The culture was grown at 37 °C (180 rpm) 

to an OD600 of 0.5 before cells were infected with 2.5 × 1011 cfu of M13K07. The culture was 

incubated without agitation at 37 °C for 30 min and grown over night at 37 °C and 180 rpm. The 

culture was cooled on ice and centrifuged at 8000 rpm, 4 °C for 20 min. The supernatant was mixed 

with 0.2 volume (v/v) of 2.5 M NaCl / 20 % (w/v) PEG 6000 and incubated on ice for at least 2 h. The 

phage were precipitated by centrifugation at 8000 rpm and 4 °C for 60 min. The supernatant was 

carefully decanted and the remaining liquid removed. The pellet was resuspended in 1 mL of 

appropriate buffer and cleared by 10 min centrifugation at 13000 rpm at room temperature. NaN3 (0.02 

% final concentration) was added to the phage solution to prevent growing of bacteria. The phage titer 

was determined by infection of E. coli cells and subsequent cultivation on selective agar plates with 

100 µg/mL ampicillin and 6 µg/mL tetracycline.  

 
 

1. Dimasi, N., Pasquo, A., Martin, F., Di Marco, S., Steinkuhler, C., Cortese, R., and Sollazzo, 
M. (1998) Engineering, characterization and phage display of hepatitis C virus NS3 protease 
and NS4A cofactor peptide as a single-chain protein. Protein Eng 11, 1257-1265 

2. Lohmann, V., Hoffmann, S., Herian, U., Penin, F., and Bartenschlager, R. (2003) Viral and 
cellular determinants of hepatitis C virus RNA replication in cell culture. J Virol 77, 3007-
3019 

3. Collins, J., Horn, N., Wadenback, J., and Szardenings, M. (2001) Cosmix-plexing: a novel 
recombinatorial approach for evolutionary selection from combinatorial libraries. J Biotechnol 
74, 317-338 
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SUPPLEMENTAL FIGURES 

 
 

 
 
Fig. S1. CPL19YS-2 library sequence. The four colored boxes indicate the four cassettes of the 
library; conserved amino acids are written in single letter code beneath the nucleotide sequence. The 
recognition sequences and restriction sites of restriction enzymes are labeled, the three type IIs 
restriction enzyme sites are marked with colored boxes. Standard IUPAC abbreviations are used for 
degenerate nucleotide combinations: H= A, C or T; M= A or C; N = A, C, G or T; S= C or G; V= A, C 
or G; and Y= C or T. The principle of open-ended recombination in display libraries using type IIs 
restriction enzymes has been described (cosmix-plexing (1)): It relies on the fact that the cohesive ends 
generated are non-symmetric; novel variants as well as parental forms occur randomly but efficiently, 
whereby cleaved plasmids reform on ligation with the cassettes reassembled in the same order and 
orientation as they were in the original library albeit mostly in in novel combinations. In addition to 
the central constant cysteine there are 7 other positions at which cysteine may be encoded at a 
probability of 1 in 12: The probability of generating one or two disulfide-linked loops (of length 4 to 
8) within the variable cassettes is some 58% and 0.4% respectively. Although this latter parameter was 
considered as an advantage in providing increased possibilities of secondary structure (reducing 
entropy) within the peptide disulfide loops did not play a role in the structures of the peptide 
inhibitors. 
 
 

 
Fig. S2. A. Phage ELISA with enriched clones after cosmix-plexing. Binding of peptide presenting 
phage particles to NS3-4A protease. MBP-NS3-4A (1 µg) was immobilized over anti-MBP IgG (200 
ng), 5 × 108 phages/well in 1xPBS, detection of bound phage by anti-M13 IgG HRP conjugate, 10 
washing steps with 1xPBS before and after addition of detection antibody. Abbreviation: con; peptide 
presenting phage particles incubated on immobilized maltose binding protein, negative control with 
M13K07 helper phage. Measurements were carried out in duplicate. B. Specificity of the peptide CP5-
46 for NS3-4A protease. The inhibition of the serine proteases chymotrypsin (white bars), trypsin 
(black bars) and elastase (dashed bars) were tested. The negative control reactions were carried out 
with each enzyme lacking inhibitors. The raw data slopes for each protease were normalized to the 
respective negative control reaction (setting to 100%). Each measurement was carried out in duplicate. 
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Fig. S3. Inhibition of NS3-4A activity by peptide K5-66 (triangle), CP5-46 (square) and CP5-46-4D5E 
(circle). Corresponding IC50 values are displayed at intersection of dashed lines. The standard deviations 
were calculated from two independent experiments. 
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Fig. S4. Structure of peptide CP5-46-A bound to the NS3-4A protease. A. Un-biased Fo-Fc electron 
density map of CP5-46A contoured with 2.5 δ. CP5-46A residues are superposed from refined 
coordinates. B. Refined 2Fo-Fc electron density map of CP5-46A contoured with 1.0 δ. Note that the 
site chain of Arg5 shows high flexibility and hence weak electron density (see also B-factors in Figure 
3D). C. The backbone of CP5-46-A (green) is moved away to avoid clashing of Leu9 with NS3 
Phe154. In contrast the backbone of substrate 4A5B (orange, PDB code: 3M5M, see also Figure 4 A) 
is much closer coordinated. For sake of clarity N-terminal residues of CP5-46-A and 4A5B are not 
displayed (red star). 
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Fig. S5. Structure of the modified peptide CP5-46A-4D5E. A. Comparison of CP5-46-A (green) and 
CP5-46A-4D5E (yellow and grey) bound to the NS3-4A protease. Carbons of chain C and D of 
CP5-46A-4D5E are yellow and grey, respectively. Substituted residues are labeled red. Structures 
were aligned based on NS3-4A residues. Note that Aps4 and Glu5 are slightly different coordinated 
in monomer A and B in the NS3-4A protease (see close up of the overlaid peptides in inset). B. 
Refined 2Fo-Fc electron density map of CP5-46A-4D5E chain C contoured with 1.0 δ. C. Refined 
2Fo-Fc electron density map of CP5-46A-4D5E chain D contoured with 1.0 δ. D. Close-up on N-
terminal region of CP5-46A-4D5E coordination. The suggested interaction of Asp4 with NS3 
Lys165 (blue) has apparently not formed in the co-complex. Carbons of chain C and D of CP5-46A-
4D5E are yellow and grey, respectively. 
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Fig. S6. In silico models of the resistance mutation R155K (A) and A156V (B). CP5-46-A peptide is 
shown in stick representation with transparent surface (green). R155 and A156 are displayed with 
carbons and transparent surface in light-blue. Likely rotamers are numbered Rot 1-Rot 4 and colored 
in orange. Numbers in brackets show likelihood of occurrence for each particular rotamer. Mutations 
and rotamers were generated with PyMol (2). A. None of the four most likely rotamers of A155K 
clash with Tyr8 of the inhibitory peptide CP-46-A. The closest interaction would be rotamer 2 (see 
superposition with R155). B. With 73.8 % occurrence rotamer 1 of the three Val rotamers fits best and 
is likely not to clash with Tyr8 of CP-46-A. 

 

 

 
 



10 
	  



11 
	  

 
Fig. S7. Genotype analysis and in silico modeling. Representatives for each genotype were aligned using 
MultAlin (3). Genotype dependent mutations close to the binding region of CP-46-A were checked for any 
rotamer that is likely to clash and interfere with inhibitor binding and classified in five groups; blue: no 
interaction, side chain facing away from CP5-46-A; green: no interaction, mutation is pointing to CP5-46-A, 
but far away and no influence/steric clash; yellow: mutation close to CP5-46-A, but no steric clash; orange: 
NS3 mutation close to CP5-46-A, likely clash with peptide depending on specific rotamer; red: NS3 mutation 
clashing with CP5-46-A. Genotype dependent mutations are displayed color-coded in surface representation 
(A-F), whereas only close and likely interfering residues (yellow-orange-red) are labeled. Only those NS3-4A 
residues (colored in black) that are in close proximity to the binding pocket for CP5-46-A are displayed, 
remaining protease residues were omitted for the sake of clarity. A summary of this genotype analysis is 
displayed in a table G. Table headers are mutation sites of NS3 close to CP5-46-A binding. Only two mutations 
V132L and H57Y might directly interfere with CP5-46A binding. Both mutations are close to the active site, 
but not close to the ‘tyrosine’-finger binding pocket (see B, C and F). 
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PDB 
code 

protein name UniProt Sequence 

2vk5 hydrolase  Q59310  PGYYA 
2nxw lyase  P51852  PGYYA 
3dkm ligase  Q9ULT8  PGYDP 
3ml1 oxidoreductase  P39185  PGYDA 
3p1a transferase  Q99640  PGYDP 
2gwn unknown 

function  
Q7MVW1  PGYYA 

2e7u isomerase  Q5SJS4  PGYYA 
3v2u transcription   PGYDA 
3vkg motor protein   PGYDA 
2qqp virus  Q80IX5  PGYDP 

 

E 

Fig. S8.  Search of the tyrosine-‘finger’ pattern PGY[DY][PA] with PDBeMotif. Found structures 
were aligned in PyMol (2) with the CP5-46-A structure (blue, residues PGYDP) and grouped in 4 
groups for the sake of clarity (A-C). A. 2qqp, 2nsm, 3p1a, 3vkg (palegreen). B. 3v2u (turquoise), 2e7u 
(sand). C. 3ml1 (palegreen), 2vk5 (grey). D. 2gwn (pink), 2nxw (yellow). E. Table of related primary 
sequences found in the Protein Database.  
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SUPPLEMENTAL TABLES 
 
Table S1. Cleavage of peptide CP5-46 by the NS3-4A protease. 10 µM peptide in buffer M2235 (4) 
were incubated with 1 µM NS3-4A for 16 h at 30°C and analyzed by LC/MS. Control: peptide without 
protease, NS3-4A: peptide incubated with protease. 

 Area CP5-46 
[mAU x min] % 

control 8.187 100 
NS3-4A 7.838 95.7 

 

 
Table S2. X-ray data collection and refinement statistics 

Data collection NS3-4A + CP-46-A in 
house data 

NS3-4A + CP-46A-
4D5E BESSY 14.1 

Space group P61 P61 

Cell dimensions   
a, b, c (Å) 93.3, 93.3, 83.0 92.9, 92.9, 82.8 
a, b, g (°) 90.0, 90.0, 120.0 90.0, 90.0, 120.0 
Resolution (Å) 19.7 - 2.05 80.5-2.2 
(highest shell (Å)) (2.10 -2.05) (2.3 - 2.2) 
Rmerge 12.4 (60.4) 9.6 (59.0) 
I/sI 14.01 (3.6) 12.7 (2.7) 
Completeness (%) 99.9 (100) 99.7 (99.4) 
Redundancy 6.9 (6.7) 4.4 (4.4) 
 
Refinement   

No. Reflections 24470 19595 

Rwork/Rfree 19.8/24.5 18.5/23.9 

B-factors   
- protein 23 33 
- peptide 31 50 
R.m.s deviations   
Bond lengths (Å) 0.010 0.009 
Bond angles (°) 1.39 1.36 
Ramachandran   
 favored /outliers 98.3/0 98.5/0 
Molprobity 
score/percentile 
 

1.62/94th 1.43/99th 

PDB code 4a1t 4a1v 
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Table S3. Comparison of IC50 values of CP5-46-A variants. Amino acids substitutions have been 
made to enhance binding to the S1´ and S4 subsites of the protease: Leu10 at position P1´ was 
modified to E or Q trying to facilitate hydrogen bond interactions with N3/4A residue Gln51 and 
His57 by occupying residual space in S1´. Additionally, substitutions with Q, E or D of peptide 
residue Leu6 at position P4 were generated.  

Peptide Sequence IC50 [nM] 
CP5-46-A GELGRLVYLLDGPGYDPIHCD 124.0 
CP5-46-A-4D5E GELDELVYLLDGPGYDPIHS 22.8 
CP5-46-A-6D GELGRDVYLLDGPGYDPIHS 2.7 µM 
CP5-46-A-6E GELGREVYLLDGPGYDPIHS >> 1µM 
CP5-46-A-6Q GELGRQVYLLDGPGYDPIHS >> 1µM 
CP5-46-A-10Q GELGRLVYLQDGPGYDPIHS >> 1µM 
CP5-46-A-10E GELGRLVYLEDGPGYDPIHS >> 1µM 

 
 
Table S4. Activity of wild type MBP-NS3-4A and mutant MBP-NS3-4A protease A156V. The assay 
was carried out in buffer M2235 (4) with 5 µM substrate M-2235 (Bachem) and 1 nM protease. RFU: 
Relative Fluorescence Units. 

 Activity 
[RFU/min] % 

NS3-4A wt 20.6 100 
NS3-4A A156V 19.93 96.7 

 
 
Table S5. Peptides (black) fused to cell penetrating peptides (blue) or part of the ubiquitin protein 
(residues 42 – 54, orange). 

Peptide name Sequence 
Ant-K5-66-A RQIKIWFQNRRMKWKKGELGRLVYLLDGPGYDPI 

Tat-K5-66-A GRKKRRQRRRPPQGELGRLVYLLDGPGYDPI 

Nona-arg-K5-66-A RRRRRRRRRGELGRLVYLLDGPGYDPI 

PTD-5-K5-66-A RRQRRTSKLMKRGELGRLVYLLDGPGYDPI 

CPP-Control 1 RLIFAGKQLEDGRGELGRVYLLDGPGYDPI 

CPP-Control 2 RQIKIWFQNRRMKWKKYVGIPRDLGLDGYEPLG 
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Table S6. Examination of the NS3-4A protease/CP5-46-A inhibitor interface. All data were generated 
using PDBePISA (5). A. Summarized overall statistics of the interface from NS3-4A (chain A) and 
CP5-46-A (chain C) from PDBePISA (5). Half of CP5-46-A’s solvent-accessible surface (1043 Å2) 
conceals about 9% (809 Å2) of NS3 surface. B. Hydrogen bonds between NS3-4A (chain A) and CP5-
46-A (chain C). C. Hydrogen bonds between NS3-4A (chain B) and CP5-46-A (chain D).  
A 

 NS3-4A (chain A) CP5-46-A (chain C) 
Number of atoms 

interface 
surface 
total  

 
114  (8.1%)    
763  (53.9%)    
1415  (100.0%) 

 
82  (62.1%)    
127  (96.2%)    
132  (100.0%) 

   
Number of residues 

interface  
surface 
total 

 
36  (18.7%)    
170  (88.1%)    
193  (100.0%)  

 
16  (94.1%)    
17  (100.0%)    
17  (100.0%) 

   
Solvent-accessible area, Å2  

interface  
total 

 
808.8  (8.9%)    
9072.3  (100.0%) 

 
1042.7  (46.0%)    
2266.1  (100.0%) 

   
Solvation energy, kcal/mol  

isolated structure  
gain at complex formation  
average gain  

 
-184.4  (100.0%)    
-3.8  (2.1%)    
-1.9  (1.0%)    

 
-5.9  (100.0%)   
-9.6  (162.6%)   
-9.8  (165.1%)  

 

B       C 

  NS3-4A 
(chain A) 

Dist. 
[Å] 

CP5-46-A 
(chain C)    NS3-4A 

(chain B) 
Dist. 
[Å] 

CP5-46-A 
(chain D) 

1 CYS 159 [O]  2.74 ARG   5 [N]   1 CYS 159 [O] 3.15 ARG   5 [N] 
2 ALA 157 [O]  2.60 VAL    7 [N]   2 ALA 157 [O] 2.72 VAL   7 [N] 
3 SER 139 [OG]  3.68 LEU  10 [N]   3 SER 139 [OG] 3.90 LEU  10 [N] 
4 SER   42 [O]  3.09 ASP  11 [N]   4 SER  42 [O] 3.16 ASP  11 [N] 
5 SER   37 [OG]  2.98 GLY  14 [N]   5 SER  37 [OG] 2.91 GLY  14 [N] 
6 SER     7 [OG]  2.53 TYR  15 [OH]  6 SER   7 [OG] 2.50 TYR  15 [OH] 
7 CYS 159 [N]  2.81 ARG   5 [O]   7 CYS 159 [N] 2.87 ARG   5 [O] 
8 ALA 157 [N]  2.79 VAL    7 [O]   8 ALA 157 [N] 3.02 VAL   7 [O] 
9 ARG 155 [NH2]  2.91 TYR    8 [OH]  9 ARG 155 [NH1] 2.51 TYR   8 [OH] 
10 GLY  137 [N]  2.51 LEU    9 [O]   10 GLY 137 [N] 2.67 LEU   9 [O] 
11 SER    42 [N]  2.89 ASP  11 [O]   11 SER  42 [N] 2.97 ASP  11 [O] 
12 SER    42 [OG]  2.70 GLY  12 [O]   12 SER  42 [N] 3.31 GLY  12 [O] 
13 SER    42 [N]  3.40 GLY  12 [O]   13 SER  42 [OG] 2.59 GLY  12 [O] 
14 ARG 109 [NH1]  3.10 GLY  14 [O]   14 ARG 109 [NH1] 2.95 GLY  14 [O] 
15 ARG 109 [NH1] 2.84 TYR  15 [O]   15 ARG 109 [NH1] 2.85 TYR  15 [O] 
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Table S7. Comparison of the binding interfaces of NS3-4A with CP5-46-A and peptidomimetic 
inhibitors ITMN-191 and boceprevir. Data for interfaces was acquired using the PDBePISA (5) server. 
A. Comparison of the interfaces of peptide and peptidomimetic inhibitors with NS3/A. CP5-46-A 
covers ~9% (809 Å2), while ITMN-191 and boceprevir covers only ~4% (386 Å2) and 3% (301 Å2) of 
NS3 surface, respectively. B. Comparison of CP5-46-A ΔC (lacking the C-terminal residues 11-21) 
with CP5-46-A ΔN (lacking the N-terminal residues 4-10). The N-terminal half of the peptide buries 
the same area (4%) of NS3 (NS3-4A ΔC) as ITMN-191 (4%) or boceprevir (3%). The C-terminal half, 
comprising the ‘tyrosine’ –finger motif is coordinated by eight hydrogen bonds and covers 5% (454 
Å2) at the prime (S′) sites of NS3 (NS3-4A ΔN).  

A 
 NS3-4A 

(chain A) 
This study 

CP5-46-A 
(chain C) 
This study 

NS3-4A 
PDB code: 

3M5L 

ITMN-191 
PDB code: 

3M5L 

NS3-4A 
PDB code: 

2OC8 

boceprevir 
PDB code: 

2OC8 
Number of atoms 

interface 
surface 
total  

 
114 (8%) 

763 (54%) 
1415 (100%) 

 
82 (62%) 

127 (96%) 
132 (100%) 

 
67 (5%) 

803 (57%) 
1419 (100%) 

 
41 (80%) 
48 (94%) 

51 (100.0%) 

 
50 (4%) 

776 (57%) 
1353 (100%) 

 
28 (76%) 
33 (89%) 

37 (100%) 
       
Number of residues 

interface  
 

 
36 (19%) 

 

 
16 (94%) 

 

 
23 (12%) 

 

 
- 
 

 
20 (10.9%) 

 

 
-  
  

Solvent-accessible 
area, Å2  

interface  
total 

 
 

809 (9%) 
9072. 

 
 

1043 (46%) 
2266 

 
 

386 (4%) 
9538 

 
 

604 (66%) 
912 

 
 

301 (3%) 
9492  

 
 

478 (66%) 
729  

Number of H-bonds 
Interface 
 

Number of covalent 
bonds 

Interface 
 

 
15 

 
 
 
- 

 
15 

 
 
 
- 

 
8 
 
 
 
- 

 
8 
 
 
 
- 

 
7 
 
 
 

1 

 
7 
 
 
 

1 

 

B 
 NS3-4A ΔC CP5-46-A ΔC NS3-4A ΔN CP5-46-A ΔN 
Number of atoms 

interface 
surface 
total  

 
62  

763  
1415  

 
40  
70  
74  

 
60 

763 
1415 

 
43 
57 
58 

     
Number of residues 

interface  
 

 
20  

 

 
9  
 

 
20 

 

 
7 
 

Solvent-accessible 
area, Å2  

interface  
total 

 
 

391 (4%) 
9072 

 
 

483 (~ 44%) 
1217 

 
 

454 (5%) 
9072 

 
 

627 (~ 56%) 
1162 

Number of H-bonds 
interface  

 
7 

 
7 

 
8 

 
8 
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