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Molecular recognition mechanism and motion of HCV
NS3/4A protease with Faldaprevir analogue

Li Liangl, Jianping Hul’z, Wenyi Dul, Ke Zuol, Wei Liul, and Xiaojun Gou'

1 Key Laboratory of Medicinal and Edible Plants Resources Development of Sichuan Education Department, Sichuan Industrial
Institute of Antibiotics, Chengdu University, Chengdu 610106, Sichuan, China
2 College of Chemistry, Leshan Normal University, Leshan 614004, Sichuan, China

Abstract: Faldaprevir analogue molecule (FAM) has been reported to effectively inhibit the catalytic activity of HCV
NS3/4A protease, making it a potential lead compound against HCV. A series of HCV NS3/4A protease crystal structures
were analyzed by bioinformatics methods, and the FAM-HCV NS3/4A protease crystal structure was chosen for this study.
A 20.4 ns molecular dynamics simulation of the complex consists of HCV NS3/4A protease and FAM was conducted. The
key amino acid residues for interaction and the binding driving force for the molecular recognition between the protease
and FAM were identified from the hydrogen bonds and binding free energy analyses. With the driving force of hydrogen
bonds and van der Waals, FAM specifically bind to the active pocket of HCV NS3/4A protease, including V130—-S137,
F152-D166, D77-D79 and V55, which agreed with the experimental data. The effect of R155K, D168E/V and V170T
site-directed mutagenesis on FAM molecular recognition was analyzed for their effect on drug resistance, which provided
the possible molecular explanation of FAM resistance. Finally, the system conformational change was explored by using
free energy landscape and conformational cluster. The result showed four kinds of dominant conformation, which provides

theoretical basis for subsequent design of Faldaprevir analogue inhibitors based on the structure of HCV NS3/4A protease.

Keywords: HCV NS3/4A protease, Faldaprevir analogue molecule, molecular dynamics simulation, binding free energy,
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%1 HCV NS3/4A PR LM%

Table 1 The structural biological information of HCV NS3/4A PR
PDB Res.(A)  Polymer Sequence Ligand
4U01 2.80 Nonamer NS3: A1-S182, NS4A: K220-S232  Macrocyclic inhibitor, chloride ion, zinc ion
4K8B 2.80 Dimer NS3: 13-M179, NS4A: G221-S232  FAM, sulfate ion, zinc ion
4131 1.93 Dimer NS3: A1-S182, NS4A: K220-S232  Macrocyclic inhibitor, sodium ion
4132 2.30 Dimer NS3: A1-S182, NS4A: K220-S232  Macrocyclic inhibitor, sodium ion
4133 1.90 Dimer NS3: A1-S182, NS4A: K220-S232  Macrocyclic inhibitor, sodium ion
3LOX" 2.65 Dimer NS3: A1-S181, NS4A: K20-K41 Linear inhibitor, beta-mercaptoethanol, zinc ion
3LON" 2.20 Dimer NS3: A1-S181, NS4A: K20-K41 Linear inhibitor, beta-mercaptoethanol, zinc ion
30YP" 2.76 Dimer NS3: A1-M175, NS4A: G221-S232  Peptidomimetic inhibitor, zinc ion
2XCN" 3.02 Dimer NS3: A1-R180, NS4A: K20-K40 Linear inhibitor, magnesium ion, zinc ion
20BO" 2.60 Dimer NS3: M-1-G182, NS4A: K19-K41 Linear inhibitor, beta-mercaptoethanol, zinc ion
2A4Q* 2.45 Dimer NS3: A1-S181, NS4A: K20-K41 Linear inhibitor, beta-mercaptoethanol, zinc ion
2F9U" 2.60 Dimer NS3: A1-S183, NS4A: K19-K41 Linear inhibitor, zinc ion
IRTL" 2.75 Dimer NS3: A1-R180, NS4A: K20-K40 Linear inhibitor, zinc ion
1W3C 2.30 Dimer NS3: I13-E176, NS4A: G221-G233  Linear inhibitor
1DY8 2.40 Dimer NS3: A1-M175, NS4A: G221-S232  Linear inhibitor
1DY9 2.10 Dimer NS3: A1-M175, NS4A: G221-S232 Linear inhibitor, zinc ion
1DXP 2.40 Dimer NS3: AI-M175, NS4A: G221-S232  Glycerol, zinc ion

Due to the missing residues in the monomer of NS3 or NS4A, the data presented in the table is the relatively complete one.
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17.08 kJ/mol
0.68 73.78 kJ/mol
177
*2 HBHEXNESBEHBEMIH (kJ/mol)
Table 2 The contribution to binding free energy by each kind of energy (kJ/mol)

Item Protease FAM Complex Delta
ELE —6 762.52+156.40 —180.34+5.18 -6 959.93+158.87 —17.08+6.37
VDW N -1 50.5.78+3.55 17.84+0.94 -1 561.72+2.64 —73.78+5.84
ELEpp -5 081.33+125.82 — 42.89+0.38 -5 073.30£129.40 50.92+4.45
VDW5pp 101.12+0.64 6.48+0.12 98.89+0.66 —8.70+0.18
H —5424.77+£56.56 —71.954+9.58 -5 545.37+£58.18 —48.65+2.64
TS 4 066.81+9.64 87.87+£0.38 4 137.76+11.01 —16.92+1.00
AGying -31.73
AG.y, —43.49MM
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(-8.70 kJ/mol) PR
(50.92 kJ/mol) " FAM PR 3
FAM PR (Ki=0.02 pmol/L)
—48.65 kJ/mol 4 HCV NS3/4A PR FAM
—-16.92 kJ/mol
—-31.73 kJ/mol [12] FAM FAM
B ligand2
AGeyp O N30 Resid ligand1
A FAM E,4w
Eele Egb
Egosur
- ligand1
HCV NS3/4APR FAM FAM
3 B F154-A157°
130] - - R130° -Y134°
135° - [1] HCV NS3/4A
0.35 nm ligandl  ligand2 V55’ FAM
A B FAM Freq Welsch 31
V55
Freq V55° FAM
3 FAM Al57 R155 S139 HCV NS3/4A F154-A157
X-ray [12] R130-Y134 FAM V55
S139 HCV NS3/4A PR FAM
R155 Al57
% 3 FAM #1 HCV NS3/4A PR Z i8] T £ B B S 58
Table 3 The hydrogen bonds between FAM and HCV NS3/4A protease
Donor Acceptor Distance (nm) Angle (°) Freq (%)
Ligand1-N28-H11 A157-O0 0.2854+0.008 160.17+8.83 82.86
Ligand1-N30-H1 A157-O0 0.2902+0.007 153.90+7.74 32.28
Ligand1-N41-H40 R155-0 0.2896+0.007 164.63+8.57 19.63
Ligand2-N41-H40 A157°-O0 0.2858+0.008 149.76+9.85 79.03
Ligand2-N30-H1 A157°-O0 0.2863+0.008 149.05+10.35 74.38
S139°-0OG-HG ligand2-042 0.2803+0.011 157.01£10.87 30.95
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6A ligand2 line ligand2 (FAM) stick
(FAM) 0.4 nm H57°
D79°-D81° V132°-S139° FAM -1
F154’-D168’ solid-ribbon A FAM
stick B
stick FAM ligandl 6B FAM

&4 HCVNS3/4A EFM5SEY FAM S5 EVIHEXEAEMEESBER (kI/mol)
Table 4 The energy decomposition of the key residues in HCV NS3/4A protease significantly concerned with
binding ligand FAM. (kJ/mol)

No. Resid Evdw Eele Egp e Er
1 Ligand1 -9.82+1.57 —1.05+1.01 4.28+0.40 —1.05+0.08 —7.65+1.13
2 R155° —1.65+0.95 —6.00+0.61 3.91+0.18 —0.19+0.00 —3.94+0.24
3 Vs55° —3.76+0.55 —1.22+0.43 1.97+0.26 —0.38+0.04 —3.39+0.37
4 F154° -2.36+0.54 —0.92+0.67 0.77+0.23 —0.26+0.02 —2.77+0.16
5 1153° —2.61+0.12 —0.49+0.67 1.31+0.50 —0.16+0.02 —1.94+0.21
6 Al56° —1.30+0.16 —0.29+0.03 0.28+0.13 —0.09+0.02 —1.41+0.10
7 G152 —1.01+0.26 0.33£0.10 —0.19+0.05 —0.04+0.01 —-0.92+0.30
8 Y134’ -1.60+0.22 —1.53+0.72 2.40+0.94 —0.16+0.03 —0.89+0.57
9 S133° —0.94+0.21 0.18+0.23 —0.03+0.30 —0.01+0.00 —0.80+0.14
10 ALST -0.91+0.23 0.35+0.25 0.01+0.25 —0.12+0.03 —0.68+0.15
11 T76 —0.67+0.40 0.07+0.07 0.10+0.06 —0.12+0.06 —0.61+0.42
12 T54 —-0.65+0.33 —-0.29+0.19 0.54+0.32 —-0.15+0.04 —-0.56+0.23
13 G137’ —-0.93+0.47 —2.01+1.81 2.52+1.37 —0.09+0.01 —0.51+0.65
14 R130’ —-0.65+0.70 —-0.13+0.25 0.41+0.41 —0.14+0.02 —-0.50+0.86
A B
I ¢ ’{139 ms
A \
’D79’\;\_ S8 168°
% (

=
ligand1
Al56 | ligan Y56

/

6 HCV NS3/4A PR 5/K%) FAM & &1 E
Fig. 6 The map of the binding mode between HCV NS3/4A protease and FAM.
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Fig. 8 The free energy landscape map of the system.
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Fig. 10 The representative conformation of cluster analysis.
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