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Fig. 1 The locations of the three mutations in WT (a) and molecular structure of HIV-1 protease inhibitor GRL-0519 (b)

The protease is displayed in a new cartoon representation, colored by the second structure, GRL-0519 is displayed in a ball and stick representation, and

the mutated residues are displayed in a ball with different colors as well as the labeled marks.

1 MHR57E

1.1 RGHEE
ANEER AP E & A R E

(PDB), WT. D30N. I54M Al V82A ff] PDB {15
439 /& 30K9. 4HDB. 4HE9 Fl 4HDFU. 7F 4 4
L2 {13 1 Bl el 11 P N 7 G I R M (2
s XK JUTAEFTA 8 B B0 ) 70 25



2017; 44 (9) TElE, F: HEAENR HIV-1 EEBERETR 5/ F GRL-0519 BIBEE(ER +785
Y #A RIS, BRI R, R T BN, S a2 5K R4, D, £

SEMRE SA 2 A4 mKST. ATRE2A
RARRTREE SR 2R 2 W R AR e
P, HHARK TA/E—2, 7 Asp25 ) OD2 Ji¥ |
WINT AR, GRS EEE Amber )
FF12SBP 137, /N F 171352 %156 FH Gaussian 032
£ HF/6-31G* /K- BB /N o i, HH
RESPEFE PG /Ny 74 R T HLAT, e KA
GAFFB 337 S 8 ffl 4 B R £ Antechamber T2 3
HAR BN 1328 K TIP3PIK ALY Y
A TOUA I\ TH R I K & 7V il B L RN e 1
R B & TG /NI B 2 104, [N T Al
RGUAME, WINT &EHHMEET.
1.2 S FEhAFEN

Iy T8 155K Bl Amber12 814 18Ok 58
B B SR A SHAKEPTA v IR il BT 2 &0 7 8
MRS, BB KL 2 fs, N PMERT iK1 5
KFEM A AR, AR T i a1,
A A AR FE (cutoff) N 12A. A T I 4 & 4]
RGUR FIRAG el X4 MEBERBET T
PP ReERAME, B EBE NI, ARERILE
L. ReEm/IMLZ G, KA 2 keal/(mol-A?) (1)
B i 5 B SR VA SR K132 30y, HRAE 70 ps FRASEHBLAN [i]
MRG0 K In#E] 300 K, FfiJ5 /& 90 ps KI5
J15 4T, B JE S 30 ns (VA B #) H HE MD
B, BRI AR R B 2 e R S PR IR AR
300 K, JEJ1&—"KSE. KH AmberTools ¥
Ptraj EERMENT T 85 (B 48 5 T T BRI %
)35 75 MR AW % (RMSD)~ 25 85 J5L 1 1 1) J7 AR % 3
(RMSF)~ A% 8h 1% 540
1.3 SIE 753%

SIE J5 %454 MD B HZE, AT DLpRid b 7
M B A SR 6 B HEe®. AR H,
M MD BB [ ¢ S5 20 ns LA 50 ps i) 8] 8] B
BT 400 MU AT SIE MIiHE. iHEZE B
RER T QR :
AGundp,Dinsc,y, O)=aX[E (D) +E s+ AG*+y - AMSA (p)]+C

ey

Hrb E, M B 2 0RO RA ST 03
THE B AR BAE HAE R BAER, A E
K W13 2500 MD IS 8— 3. AGR 24
HlFR 45 A S R M7 EE A4k, {5 BRI BEM
J7 TR EORTE R A2 SR AR A bs T FE AR B WL .
AMSA Yot T 0] 351 45 25175 T 107 770 vl R 3 T R )

LN BB A R,y VAT ORI REL p
SRR LG R RE, C R —ANREER
. fE4ATFET, o=0.1048, D,=2.25, p=1.1,
v=0.0129 kcal/(mol*A?), €=-2.89 kcal/mol. SIE i}
R Sietraj F2£ 542,

2 HR5WE

2.1 MD BB HIEh 1 F4FE

T VEH 30 ns Y MD AU P EIRAS AR
T MD L FR R G 5 R AR AL R e 2 AR Ak 2
ZH. AR R T RMSD 68 9% % MD
WtE s, W2 BRT 4 NR%H RMSD K
AR ] AR L B 0. IEE 4 ns FFUG, BT BB
RAEEE T FEIRS, HE T &5 20 ns HLHL
RMSD 1)~V ¥ {8, XFF WT. D30ON. I54M Fl
V&2A K %, “FIIMHE 7042 0.94A. 0.98A. 0.95A
A 1.04A. 1F 4 ML RGEH, WT REHFME
e/, XRPFRDT R ARG A E. B N#E
M A EH e E SR 2 TP 4T )5 B 20 ns [ MD
AL ENLTE .

2.5
—WT
—— :D30N
2.0 ——:154M
—: V82A

t/ns

Fig. 2 Root-mean-square deviations (RMSD) of the
backbone atoms in MD simulations as a function

of MD simulation time
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Fig. 3 The root mean square fluctuations (RMSFs) and the
principal component analysis (PCA) for the four systems
(a) The root mean square fluctuations (RMSFs) of C, atoms versus
residue number. (b) Comparison of the eigenvalues plotted against the
corresponding eigenvector indices obtained from the C, covariance

matrix conducted from the equilibrium phase of MD simulations.

Table 1 Binding free energies and energy components calculated by SIE method

WT D30N 154M V82A

ftem Mean Std Mean Std Mean Std Mean Std

AE -69.47 3.39 -67.53 3.42 -72.96 3.45 -69.75 3.23

AE, -25.74 2.21 -18.33 2.32 -18.24 2.44 -25.78 2.61

AG* 2532 1.84 21.15 1.98 2334 1.77 27.04 1.76
y+-AMSA -12.26 0.29 -12.06 0.3 -12.26 0.24 -12.47 0.28

ACyina -11.5 0.34 -10.93 0.35 -11.28 0.37 -11.37 0.32

AC*™ -12.77 -11.05 -11.61 -11.66

All values of energies are given in kcal/mol. AEnergy=Energy™™*~Energy™"™~Energy™-""; The experimental binding free energies are

calculated by the equation AC**=-RTInK,, where R is ideal gas constant, T is temperature in 300K, K; is the inhibition constants*.
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Table 2 Main hydrogen bonds involved in GRL-0519 binding pocket

WT D30N 154M V82A
Hydrogen bond

Occ/% Dist/A Occ/% Dist/A Occ/% Dist/A Occ/% Dist/A
GRL@O3"** Asp25@HD2-0OD2 100.00 2.64 38.10 2.74 100.00 2.64
Asp25'@OD1--GRL@H17-03 100.00 2.62 96.80 2.64 100.00 2.63
Asp25'@OD2---GRL@H17-03 50.75 3.10 97.75 2.66 49.65 3.07
Gly27@O---GRL@H19-N2 48.00 3.17 78.30 3.04
GRL@O7:** Asp29@H-N 98.75 2.97 98.85 2.95 50.20 3.00 96.90 3.03
GRL@O6" - Asp29@H-N 70.90 3.11 56.30 3.11 73.85 3.09
GRL@O6" - Asp30@H-N 74.70 3.20 82.50 3.12 66.60 3.17 47.10 3.27

GRL@O8: - Asp30'@H-N 30.00 3.24
Wat@O- -+ 1le50@H-N 85.25 3.08 63.60 3.04 98.75 2.99 98.45 2.98
Wat@O---11e50'@H-N 98.75 2.98 65.55 3.04 77.40 3.00 88.85 3.10
GRL@O4:--Wat@H1-O 99.95 275 70.40 2.83 100.00 2.72 100.00 2.76
GRL@O2:--Wat@H2-O 98.05 2.81 62.55 2.84 99.25 2.74 89.50 2.83

The hydrogen bonds are determined by an acceptor - donor distance (Dist) < 3.5A and a donor-H-+-acceptor angle > 120°. Occupancy (Occ) is

defined as the percentage of simulation time that a specific hydrogen bond exists.
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Study The Interaction Between The HIV-1 Protease and Its Mutations
With Inhibitor GRL-0519 by The Computational Method"

LI Gao-Feng", HU Guo-Dong"?", ZHANG Chen"?, JI Bao-Hua"?, WANG Ji-Hua'?>"
(" College of Physics and Electronic Information, Dezhou University, Dezhou 253023, China;
? Shandong Provincial Key Laboratory of Biophysics, Dezhou University, Dezhou 253023, China)

Abstract The spread of HIV-1 in the world is a serious threat to people’s physical and mental health. Residue
mutation of HIV-1 protease seriously weakened the effect of drug treatment. In order to study the effects of
mutations D30N, [54M and V82A on the interaction between protease and the inhibitor GRL-0519, we carried out
four 30 ns molecular dynamics (MD) simulations combined with the solvated interaction energy (SIE) method to
calculate the binding free energies of protease and inhibitor. The results show that polar interactions are
unfavorable for the mutated protease bonding to the inhibitor, and slightly favorable for WT, the polar interactions
are the main driven force for the drug resistance. The calculated total free energies are consistent with the
experimental data. In order to show the contribution of each residue to drug resistance, the van der Walls energies
of each residue were calculated by the molecular force field method, the hydrogen bonds between inhibitor and
protease were also analyzed. The van der Walls analysis implies that the V82A has smaller influence on the
binding model. There are five residues with van der Waals contribution larger than 0.4 kcal/mol for D30N, and six
residues for [54M. The hydrogen bond analysis suggests that D30N and 154M lost several hydrogen bonds relative
to in WT. The result was in accordance with the SIE results. Our study provides theoretical guidance for the design

of new and more potent inhibitors against HIV-1 protease variants.
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