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Table 1 Partial application of combined free energy perturbation integral method
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Year Target protein Number of ligands Corrlation RMSD (kcal/mol) Reference
2015 BACE,CDK2,JNKI1,etc 199 0.75 1. 10 [20]
2015 Lysozyme, DNA Ligase, MCL1,etc 96 0. 81 1.14 [21]
2016 BRD4 11 0. 84 0. 60 [12]
2016 BACE1 50 0.67—0.83 0.57—1.04 [22]
2016 GPCR 45 0. 62 0.58—1.56 [23]
2016 CDK2,ERK2 24 0.81 2—3 [24]
2017 CDK2,PTP1B,MCL1,etc 55 0.80—0. 90 0.80—1. 40 [26]

BRDs 2 0.75 0.81

2017 pRrD2 1 0. 48 1.76 [27]




A R,2020 £,27 %, % 5 8§ Guangxi Sciences,2020,Vol.27 No.5

HR#E SEEHEMRRYIEREEGMHALXFHEA

k1

Continued table 1
My kS| Ny FEE LiEPS 3 SUmmYImRE %0
Year Targets Number of ligands Corrlation RMSD (kcal/mol) Reference
2018 AChE 8 0.79 — [28]
2018 PDZ 18 peptides — 1.2 [29]
2018 Galectin-3 8 0.7—0.9 0.48—0.72 [30]
2019 CDK2,JNK1,TYK2,etc 101 0.69—0. 94 0.62—1.54 [25]
2019 Lysozyme, AKT1,THR,etc 36 0.8—0.98 0.57—1. 86 [31]
2019 Thrombin 10 — <1.0 [32]
2020 Lysozyme.CA Il ,SNDI ,etc 87 mutation — 1.11 [33]
2020 BACE,CDK2,MCL1,etc 134 0.48-—0. 80 0.91—1.41 [11]
2020 DHQase 6 0.85+0.15 4,28+0.69 [34]
2020 DM 5 0.8 082 [35]

TE " RN R IEAT R Y L3R
Note:" —" means the correlation is not compared
2.2 BEA- /MY FEARMESEERN

255 A MBI R E AN TFESY
S5 G GPE AT BRVE TR L A ) T 06 2 B i Y Ak
E W, AT 25 W F & %R b Ik, Bhati %5 5
WEERGE TR ZHEA S — A 2 m B R B Y
R EETEA S NEA LS5 A/ g7 ik
A g R B, H 5 SR A X R 35 3
0.80—0. 90, 2017 4F Aldeghi 25" i 45 & H i fiE
BRI A Bromodomain (BRD) ZE #0131 #4) i&
FEPE 56 M R IR A S W 3 P T B S 2R 22
0. 81 kecal/mol, HLARRAEIRF] 0. 755 53 4b i WH 58 &
BRI A /N 53 - Bl ok e 5 P 19 T 3 2 00T $2 ms ok B vfE
Wk WKW o3 7 1 % TR B R B2 . Pan-
el M g A Al AR R BUA 1k o s R B 4
JOR-E P 25 T T T v R B Y 2 O 22 B/ ik
#) 0. 37 keal/mol, it — L '€ T 454 A I AE LA
31 B YL

e EAR e B H R R AR
PR TR R R MRS E M R A DR A 1SR e Ak T
[l JB5E P 3 B 1) 5 SR L A S B o FH b 9800 B 8 e
— M GG . B0 Qian VY 3T R S 5 #9
456 A M BB AR 43 1 VA L W A i 3 A 4 o PR
(Protein Macrophage Migration Inhibitory Factor)
5HAMGRIE 454 B B 6e R R N TR
I OPLS-AA/M 135 J¢ CM5 JE5HL i 36 F 5205 R
WECE S T A I AE A A R RE S SR A R —

B4 (—8.8040. 74) Ml (—8. 46 £0. 85) keal/
mol, LK K (—8. 9840, 28) keal/mol; ZR i , 24 ik
A CHARMM Fil AMBER ¥ ® & Fidss& HHfE
TR W A 25 A [ RE B iR 223K 6 keal/mol,
55— 75 i » Loeffler %57 G5 & 1 H RERAL U414 1F
il F2 385 F AR A TN 431 5 R B % E B
RE (RN & At s 1 5[], ke IR & 0k AR 1E )
TR = G =S 7 Wl i NI [ | S0 IV W S R i
BT E¥AE G B, B L2250/ F 0. 2 keal/mol,
DL 25 R, DU [ A T 53 5101 R0 D0 39 2 8007 5 3%
FIS5 A AR 00N T F 3535 25 T BB M AR R /N, 6 keal/
mol WHIMRZMBATREEH TERA S /Ny Fr
SHORIC L R FEES 1 B0 55— J7 T 3% B 3% ¢ DT
BLi 15 2800 T e 8 2 OCHE %, H anfi] 4 A
TEHIE A 1 15 280 JM 02 52 By e R ep i — A
M. RAF Aldeghi %5V AN 40 T 454 A RETT
SR LRy 5 U R R R L Abel S50 4R Bl 3% 45
A A MBI — L0 5N 0 HATd %A
— NG — W TR N v T S (R R L AT
R RS, Wi, 5 bR b, % ZX T
B SRR TR S B TS R, 7E
filt A Be o O R - by FE AU G A
T
2.3 FBkKSEEREE (logP ) HIiTE

logP R W/ — A4 5 521 Y 3 Ak 24 1
JOT T2 M AE AR 0 A AR B W A G T,



%5 & G ML - http: //gxkx. ijournal. cn/gxkx/ch

A4S G A B RE T B 73 X logP (5 logD) Y11
L AU 2 Wy 4 4 B A 2 v R LA Y
NN E S [F B A R Tt E A G,
L logP 5 B Wk B 5 I 3K (SAMPL) W
KB IE ISR EMIE ., Sar.454 A
FH B TP AR A vk X o F BN AL G Y logP it
2B AE R R RS BE . BN Garrido N TR
RE TG T EERE (o =1—8) 1 logP &, & S H
A A B B (OPLS-AA/TraPPE J13) Jir
R logP TN AE 5 52 50 (8 19 F- H 152 2240 0. 1 4>
log #ifii, Bannan " Q1H# T — 48 F 41 /0N
FHMHAER IF R G TR 7R E b R O
ot PR BE v B iR K o3 TE R B, 45 R 5 50 0 1 Y AE OC 1k
(R)435120 0. 70 1 0. 83,
TR logP W E AR AT LU LA #/0
Gy F 25 RE B 5 0 A 4R AR B K 5 4 S A R
Bilhn, Lia 555 R 454 A i ae s BUm A5 B
N T2 TAK-438"" (— A B B e 135 4
1 BH 7 510D AS [6] 3 BUAR A A5 A9 logP . & logP 5
T T 28 A A AR R A2 OC 3R L TA S B U A 3 i
WA /NGy AR B R AR R . T R AR L &
logP WZS Ak, I WL T b 5 P A e 1 /N 43 30 i 500 |
AN TR SRR 5 S RIE R O R . IR A RS IR,
FIBACTI A 1Y logP 7224k 2 7 B0iZ R H L6 Py i
TGP E K2 7 AR A A
2.4 EASMFEESEXHHN
EAH/NMrFEGREAER N FEREOR
BE NPT EER S KAHEAER ., — Bk, 505
F 3 1 BEPLA: W T R B L R b B AR
TWETE R S b A s e L SRl LR X 2 B i
G (X-ray) A% g 4k £ R (NMR) 5% ¥ R HL 5
(Cryo-EMDSEHR FBefg i ih i kb 5 S &E A
P R A EAE A, RO S LGS
G IR I — 2 X i Sk A G W HEAT A 38 b 25 R P Ak
S LAl . (H bR pY SE 5 T B — MRS B A L
PRAEWT 2 FERT AL R 2 0 A 8, IR U AT DAA B
456 H BB o 2 e o B b 00 A 5
SFFMEARA. B T4 A WM %
R OR L AT R 43 3 i 2 w8 5/ ok 7 X
FEAG TR AT R PR 0 B DR 2 B o AR AR 110 %o 42
FAY, Liu 2550000 DA AR 45 4 B0 00 12 b o i 3k
108 1 104 A~ 5 2t 1) it A4 5 4 4 g il 4, I 0
PR 5 2 o 0k 42 - 55 — RO 3 FRXE 4 B R

SER TP /N G T X [l SRR 5 A R R A2 U
e BV FH [)— S 28 19 B AS ) 90 00 0k A7 38 Sk
BEXHBE— A /NGS5 0 R B 3 A4 3 1 19 %o 42 Ay A
CHorp 1A 5 A &85 4 o 132 30 1) I 0 #2825 1
AL i 5 3h F) 2E R e M A BT el BBk 35 % —55 %0
WAL, TR KFEML T — 2 M EH-Nr T4 A
TEPETN A A R B9 R B Bl ) 2 AR e
OB A B % 1 Ak 43 1 % 12 i A 00 5 — e B i
T Bl A R R e S B Liu &5 N
55 AR (I 104 A SR 25 0 B Ak G itk AT
EENTEA MMM, K 72%(75/104) &
G as AR LS G F AR fICHE AR 4 1k 1E o b
PO . RS R R R 3730 22455 A e
WAL B 3 1 5 /N F A A s R AT,
B, Zhang %5 s T i 25 A B B RE LI B4 ik
T 37 28 56 IR 3 (COVID-19) Bz Ho 4 il 771 Fs
7555 (Remdesivir) A 2% &4 2 7000 A9 B 58 A, AS AT
W1 Sty 2 74 =5 7T 68 19 45 G 00 s, A1t 48 i 45 5 A
2T 5 AR ) OGRS R L O ik — 2D T B
T P A A ) B R 4 S R AR . D3 Ak, Aldeghi
ST TN AR 1] BRD 8 R RT3 PN 4 F
il 770 1) &35 A% X R LA A 0 A L S B T 9
AR 222 R 1. 76 keal/mol, HAH KA N 0. 48,
5T 2R W Y 1 8 /N o 2 G K 100 A
RI4yF 3l J1 2 1 45 4 il BRI R 40 1 6 2 1 -/ 43
P 18] 11K 40 25 48 Al 5 ORR RIS 2 A AL 25 45 A
2 AN TRVER -/ o3 45 A 106 1 10000 A8 bt A
N 75 X 2R 5 /N g F 4 A A S 5 T v T AT 4
ST BE .

3 RE¥

ARICREAR T VLo T80 S22 AR5 A
1 RE PR AR L A 25 W e B L . BB 3 i R e
THEEALIY K R (g T EDB AL # 2 GPU 35
Oy 7 B O S AU T R R R OOk AR
BRUCS 53— T B B 2 R B R A
WRERWA N T N2 TS B 17
JOF 2 T A A VR T ) 3 AN W R T e
B D9 o3 80 3 2 9 R ACER 899 7

IS S A IR R AL RITK (i
BB H AT C AR T IR AT B . i
FEsetup" 2 3 1] 3 7 F i 3£ 3 9 3h 1 2 440 5 1
AL FF 7 (SR AR 19 A S Ak B 5 IR T al-



A R,2020 £,27 %, % 5 8§ Guangxi Sciences,2020,Vol.27 No.5

HEHE S0 0 0ERIARS R ITELNT L B

chemy-analysis"™* Fl MBAR" 4 43§ T H | 7] a7 4k
Jo 30 B A b 35 A3 A, Qi B ) AR AL AR
SRR I A WS AT 2R B R Y B O iR 22
GIAT . SRR T 5 R B AR R K R A
G H MBIk T I, AR 45 & A
BB PR AL 2 R Y S AR 25 W 00T vl 4%
HhnEZAE .

&% ik

1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

FRENKEL D,SMIT B. Understanding molecular simu-
lation: From algorithms to applications [ M]. Second edi-
tion. San Diego: Academic Press,2002.
PRIERE 0% N k. 4y R e 5 9 gk [ M.
JERT A2z Tk i Rt . 2007,
The nobel prize in chemistry 2013 [EB/OL]. https://
www. nobelprize. org/prizes/chemistry/2013/summa-
ry/.
PAUL S M,MYTELKA D S,DUNWIDDIE C T,et al.
How to improve R & D productivity: The pharmaceuti-
cal industrys grand challenge [J]. Nature Reviews Drug
Discovery,2010,9(3) :203-214.
PRASAD V,MAILANKODY S. Research and develop-
ment spending to bring a single cancer drug to market
and revenues after approval [J]. JAMA Internal Medi-
cine,2017,177(11) :1569-1575.
WANG E,SUN H, WANG J, et al. End-point binding
free energy calculation with MM/PBSA and MM/GB-
SA: Strategies and applications in drug design [J].
Chemical Reviews,2019,119(16) :9478-9508.
HOMEYER N, GOHLKE H. Free energy calculations
by the molecular mechanics Poisson-Boltzmann surface
area method [J]. Molecular Informatics, 2012,31(2):
114-122.
HANSEN N, VAN GUNSTEREN W F. Practical as-
pects of free-energy calculations: A review []]. Journal
of Chemical Theory and Computation, 2014, 10 (7).
2632-2647.
SUN H.,DUAN L.CHEN F,et al. Assessing the per-
formance of MM/PBSA and MM/GBSA methods. 7.
Entropy effects on the performance of end-point binding
free energy calculation approaches [ J]. Physical Chemis-
try Chemical Physics,2018,20(21) :14450-14460.
WANG E,LIU H,WANG ],et al. Development and e-
valuation of MM/GBSA based on a variable dielectric
GB model for predicting protein-ligand binding affini-

ties [ J]. Journal of Chemical Information and Model-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

ing,2020,60(11):5353-5365.

HE X,LIU S,LEE T S,et al. Fast,accurate,and relia-
ble protocols for routine calculations of protein-ligand
binding affinities in drug design projects using AMBER
GPU-TI with ff14SB/GAFF [J]. ACS Omega, 2020,
5(9):4611-4619.

ALDEGHI M, HEIFETZ A,BODKIN M J,et al. Ac-
curate calculation of the absolute free energy of binding
for drug molecules [J]. Chemical Science,2016,7(1):
207-218.

CHIPOT C,POHORILLE A. Free energy calcula-
tions: Theory and applications in chemistry and biology
[M]. Berlin: Springer, 2007,

WILLIAMS-NOONAN B J,YURIEV E,CHALMERS
D K. Free energy methods in drug design: Prospects of
"alchemical perturbation" in medicinal chemistry []].
Journal of Medicinal Chemistry,2018,61(3) :638-649.
KIRKWOOD ] G. Statistical mechanics of fluid mix-
tures [ J]. The Journal of Chemical Physics, 1935,
3(5):300-313.

BERNARDI R C,MELO M C R,SCHULTEN K. En-
hanced sampling techniques in molecular dynamics
simulations of biological systems [ J]. Biochimica et
Biophysica Acta:General Subjects,2015,1850(5):872-
8717.

BRI AF i BR 27 A B RAE T 1545 A ik
LI, A5 . 2018,30(7) :921-931.

BORESCH S, TETTINGER F,LEITGEB M,et al.
Absolute binding free energies: A quantitative approach
for their calculation [J]. The Journal of Physical Chem-
istry B,2003,107(35):9535-9551.

LAURY M L,WANG Z,GORDON A S,et al. Abso-
lute binding free energies for the SAMPL6 cucurbit[ 8]
uril host-guest challenge via the AMOEBA polarizable
force field [J]. Journal of Computer-Aided Molecular
Design,2018,32(10) :1087-1095.

WANG L,WU Y,DENG Y,et al. Accurate and reliable
prediction of relative ligand binding potency in prospec-
tive drug discovery by way of a modern free-energy cal-
culation protocol and force field [J]. Journal of the A-
merican Chemical Society,2015,137(7):2695-2703.
STEINBRECHER T B,DAHLGREN M,CAPPEL D,
et al. Accurate binding free energy predictions in frag-
ment optimization [ J]. Journal of Chemical Information
and Modeling,2015,55(11):2411-2420.

CIORDIA M,PEREZ-BENITO L,DELGADO F,et al.

Application of free energy perturbation for the design



(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

%5 & G ML - http: //gxkx. ijournal. cn/gxkx/ch

of BACE] inhibitors [J]. Journal of Chemical Informa-
tion and Modeling,2016,56(9) :1856-1871.
LENSELINK E B.LOUVEL J,FORTTI A F,et al. Pre-
dicting binding affinities for GPCR ligands using free-
energy perturbation [J]. ACS Omega,2016,1(2):293-
304.

ARAKI M,KAMIYA N,SATO M,et al. The effect of
conformational flexibility on binding free energy esti-
mation between kinases and their inhibitors [J]. Jour-
nal of Chemical Information and Modeling, 2016,
56(12):2445-2456.

L1 Z,HUANG Y, WU Y,et al. Absolute binding free
energy calculation and design of a subnanomolar inhibi-
tor of phosphodiesterase-10 [J]. Journal of Medicinal
Chemistry,2019,62(4):2099-2111.

BHATI A P,WAN S,WRIGHT D W,et al. Rapid, ac-
curate, precise,and reliable relative free energy predic-
tion using ensemble based thermodynamic integration
[J]. Journal of Chemical Theory and Computation,
2017,13(1) :210-222.

ALDEGHI M, HEIFETZ A,BODKIN M J,et al. Pre-
dictions of ligand selectivity from absolute binding free
energy calculations [J]. Journal of the American Chem-
ical Society,2017,139(2):946-957.

NASCIMENTO E C M,OLIVA M, ANDRES ]J. Bind-
ing free energy calculations to rationalize the interac-
tions of huprines with acetylcholinesterase [ J]. Journal
of Computer - Aided Molecular Design, 2018, 32 (5):
607-622.

PANEL N,VILLA F,FUENTES E J,et al. Accurate
PDZ/peptide binding specificity with additive and po-
larizable free energy simulations [J]. Biophysical Jour-
nal,2018,114(5):1091-1102.

MANZONI F,RYDE U. Assessing the stability of
free- energy perturbation calculations by performing
variations in the method [J]. Journal of Computer-Ai-
ded Molecular Design,2018,32(4) :529-536.

FRATEV F,SIRIMULLA S. An improved free energy
perturbation FEP+ sampling protocol for flexible lig-
and - binding domains [ J]. Scientific Reports, 2019,
9(1):16829.

MONDAL D,FLORIAN J,WARSHEL A. Exploring
the effectiveness of binding free energy calculations
[J]. The Journal of Physical Chemistry B, 2019,
123(42):8910-8915.

DUAN J,LUPYAN D,WANG L. Improving the accu-

racy of protein thermostability predictions for single

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

point mutations [ J]. Biophysical Journal,2020,119(1) :
115-127.

NGO S T, NGUYEN T H,TUNG N T,et al. Over-
sampling free energy perturbation simulation in deter-
mination of the ligand-binding free energy [J]. Journal
of Computational Chemistry,2020,41(7):611-618.
SINGH N,LI W. Absolute binding free energy calcula-
tions for highly flexible protein MDM2 and its inhibi-
tors [ J]. International Journal of Molecular Sciences,
2020,21(13):4765.

QIAN Y,DE VACA I C,VILSECK ] Z,et al. Absolute
free energy of binding calculations for macrophage mi-
gration inhibitory factor in complex with a druglike in-
hibitor [ J]. The Journal of Physical Chemistry B,
2019,123(41) :8675-8685.

LOEFFLER H H,BOSISIO S,MATOS G D R,et al.
Reproducibility of free energy calculations across dif-
ferent molecular simulation software packages [ ] ].
Journal of Chemical Theory and Computation, 2018,
14(11) :5567-5582.

ALDEGHI M,BLUCK ] P,BIGGIN P C. Absolute al-
chemical free energy calculations for ligand binding: A
beginner's guide [J]. Methods in Molecular Biology.,
2018,1762:199-232.

ABEL R,WANG L,MOBLEY D L,et al. A critical re-
view of validation, blind testing, and real-world use of
alchemical protein-ligand binding free energy calcula-
tions [J]. Current Topics in Medicinal Chemistry,
2017,17(23) :2577-2585.

MATOS G D R,KYU D Y, LOEFFLER H H,et al.
Approaches for calculating solvation free energies and
enthalpies demonstrated with an update of the freesolv
database [J]. Journal of Chemical & Engineering Data,
2017,62(5) :1559-1569.

BANNAN C C,CALABRO G,KYU D Y,et al. Calcu-
lating partition coefficients of small molecules in octa-
[J]. Journal of
Chemical Theory and Computation,2016,12(8):4015-
4024.

BHATNAGAR N,KAMATH G,CHELST I, et al. Di-

nol/water and cyclohexane/water

rect calculation of 1-octanol-water partition coefficients
from adaptive biasing force molecular dynamics simula-
tions [J]. The Journal of Chemical Physics, 2012,
137(1):014502.

KLIMOVICH P V,MOBLEY D L. Predicting hydra-
tion free energies using all-atom molecular dynamics

simulations and multiple starting conformations []].



[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

A R,2020 £,27 %, % 5 8§ Guangxi Sciences,2020,Vol.27 No.5

HEHE S0 0 0ERIARS R ITELNT L B

Journal of Computer-Aided Molecular Design, 2010,
24(4) :307-316.

GUTHRIE J P. A blind challenge for computational
solvation free energies:Introduction and overview [J].
The Journal of Physical Chemistry B, 2009,113(14) .
4501-4507.

GARRIDO N M,QUEIMADA A J,JORGE M,et al. 1-
octanol/water partition coefficients of n-alkanes from
molecular simulations of absolute solvation {ree ener-
gies [ J]. Journal of Chemical Theory and Computa-
tion,2009,5(9) :2436-2446.

LIU K,KOKUBO H. Uncovering abnormal changes in
logP after fluorination using molecular dynamics simu-
lations [ J]. Journal of Computer-Aided Molecular De-
sign,2019,33(3) :345-356.

X e, VE SR A T R R 25 ) B g T S 4 2R 1R AL T )
F S JR L 1. vl Il PR 245 B2 53R 97 %, 2018, 23(3)
352-360.

ARIKAWA Y,NISHIDA H,KURASAWA O,et al.
Discovery of a novel pyrrole derivative 1-[ 5-(2-fluoro-
phenyD)-1-(pyridin-3-ylsulfonyl) -1 H -pyrrol-3-yl]-n-
methylmethanamine fumarate (TAK-438) as a potassi-
um-competitive acid blocker (P-CAB) []]. Journal of
Medicinal Chemistry,2012,55(9) :4446-4456.

LIU K, WATANABE E,KOKUBO H. Exploring the
stability of ligand binding modes to proteins by molec-
ular dynamics simulations [J]. Journal of Computer-
Aided Molecular Design,2017,31(2):201-211.

LIU K,KOKUBO H. Exploring the stability of ligand
binding modes to proteins by molecular dynamics sim-
ulations: A cross-docking study [J]. Journal of Chemi-
cal Information and Modeling, 2017, 57 (10): 2514 -
2522.

GUTERRES H,IM W. Improving protein-ligand doc-
king results with high-throughput molecular dynamics
simulations [ J]. Journal of Chemical Information and
Modeling,2020,60(4) :2189-2198.

LIU K,KOKUBO H. Prediction of ligand binding

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

mode among multiple cross-docking poses by molecular
dynamics simulations [J]. Journal of Computer-Aided
Molecular Design,2020,34(11):1195-1205.

ZHANG L,ZHOU R. Structural basis of the potential
binding mechanism of remdesivir to SARS-CoV -2
RNA-dependent RNA polymerase [J]. The Journal of
Physical Chemistry B,2020,124(32) :6955-6962.

LEE T S,CERUTTI D S, MERMELSTEIN D, et al.
GPU-accelerated molecular dynamics and free energy
methods in amberl8: Performance enhancements and
new features [J]. Journal of Chemical Information and
Modeling,2018,58(10) :2043-2050.

LEE T S,HU Y, SHERBORNE B, et al. Toward fast
and accurate binding affinity prediction with pmemdG-
TI: An efficient implementation of GPU - accelerated
thermodynamic integration [ J]. Journal of Chemical
Theory and Computation,2017,13(7) :3077-3084.
ROOS K,WU C,DAMM W, et al. OPLS3e: Extending
force field coverage for drug-like small molecules [J].
Journal of Chemical Theory and Computation, 2019,
15(3) :1863-1874.

TIAN C.KASAVAJHALA K,.BELFON K A A.et al.
ff19SB: Amino-acid-specific protein backbone parame-
ters trained against quantum mechanics energy surfaces
in solution [ J]. Journal of Chemical Theory and Com-
putation,2020,16(1) :528-552.

LOEFFLER H H,MICHEL J,WOODS C. FESetup:
Automating setup for alchemical free energy simula-
tions [ J]. Journal of Chemical Information and Model-
ing,2015,55(12) :2485-2490.

KLIMOVICH P V,SHIRTS M R,MOBLEY D L.
Guidelines for the analysis of free energy calculations
[J]. Journal of Computer - Aided Molecular Design,
2015,29(5) :397-411.

SHIRTS M R.CHODERA ] D. Statistically optimal a-
nalysis of samples from multiple equilibrium states
[J]. The Journal of Chemical Physics,2008,129(12)
124105.



%5 & G ML - http: //gxkx. ijournal. cn/gxkx/ch

Application and Research Progress of Binding Free Energy Per-
turbation Calculation in Drug Discovery
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Abstract: Molecular Mechanics/Poisson Boltzmann (or Generalized Born) Surface Area (MM/PB(GB)SA)
based on molecular dynamics is has achieved great success in the process of drug development. Compared
with MM/PB(GB) SA calculation, the combined free energy perturbation (FEP) integral method can accu-
rately calculate the combined free energy by constructing a rigorous thermodynamic cycle, but because of its
huge amount of calculation,it is relatively less used in practice. In recent years,with the development of high-
performance computers and the innovation of dynamic simulation technology,the calculation of combined free
energy based on the perturbation integral method of combined free energy has gradually become a research
hotspot. This article briefly introduces the calculation process of the combined free energy perturbation inte-
gral method based on molecular dynamics and its associated confined potential enhanced dynamic sampling
technology,and demonstrates the application prospects of the combined free energy perturbation integration
method in drug development through specific examples.

Key word: molecular dynamics,free energy calculation, perturbation theory,thermodynamic cycle,drug design
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