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Abstract

Bruton'’s tyrosine kinase (BTK) is becoming an increasingly attractive target for drug discovery
due to its critical role in multiple pathways and a variety of diseases. Understanding the binding
mechanism and key residues in BTK-inhibitor interaction is crucial for effective drug discovery. In
this study, a BTK inhibitor developed by Roche (RN-486) was selected. The MM/GBSA method and
the normal mode entropy were used to calculate the binding free energy between the target and
the inhibitor. Meanwhile, Residue-based free energy decomposition method was used to reveal
the contribution of the major residues. The results showed that the binding mainly from hydro-
phobic interaction and electrostatic interaction. Leu408 and Val416 were two important hydro-
phobic residues, which had van der Waals interaction with RN-486. The charged residues Lys430,
Tyr476 and Asp539 interact with RN-486 electrically. The results indicate that the main binding
sites and interaction mechanism between inhibitor and target, which are expected to provide
theoretical guidance for the subsequent design and development of inhibitors targeting BTK.
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1. 3]

A -1 IS % UL I (Bruton”s tyrosine Kinase) A& i B 245 W A (1 #4 i, 7EY697 B 4RSI e R
K, AR AR A RIS TEC WG SR % 7 2 —, JUTAE A I I 4t i b 2 A HE FL A E L]

BTK =& B 4liffifiJ5i 52 & (BCR)(5 Tl Mk Y B i 7, 25 B AMMIE R A i 3 ek &
B . B 4P 2R (BCR) L H AT & (Pre-BCR) AT 15 5441 B 4HfIfads . b A IhRE[2]. BTK
ZEMEAE 5 AN, AN B E] C Bk %CN: PHL TH. SH2. SH3. Kinase [3]. 2007 4, M Celera J:[X41
SR AR S B AT R, — /N AT DB I T R A A 31 ATP 456380 11 Cys481 BR JE 1 1 BTK
JiG[4]. B BT BTK 017 Ibrutinib s @it iE F it 5 Cysd81 7 s A R H AT 1
ghitr, BHIE BTK ML 59540, M40l BTK A9y, brutinib XA 75 B 4 MM 8 50 AH 5 IF%
P e a0 R LR R L K R L RIS K B 4R bk TR S A B T R [5]. B IR
A FEITER /N4 55 RN-486 55 1brutinib AN 152, Ibrutinib LA #0517, 17 RN-486 LLIEILM I
5 BTK ¥EAR45&[6]. IGKKIL Cysd8l (IRAS f5, Ml S QLM s 525, XSS
25 T 251 7] [8] [9], RN-486 iX AL 45 & (4l ) v DR PIX M 2451, 485 BTK 52
BRI AH B 45 A VE ML BRI T, XN SR T R AT BTK #E [ 4015 71 $2 (46 58 4 (O BRAR SR o

73 ¥8) 1% (molecular dynamics, MD)BEAUAIZE & B H Ge v 52 BB BOFE Fe 40 7510 5 #E AR 2 A 45 S
FAPHIKEZETH, ASCRAE TSR TN MM/PB (GB) SA [10] [11]J7 15 LK TR 3E R H HBE 2 iR
JiERUEE RN-486 5 BTK BUARIAS & B HEE, B 1 JBR T/ FHHFRIF o 745 kS BTK
BERRI A SAREE K . A, A B I A R REAE e T SR BT AR LA ) 71 B2 AT AN B 45 & 7 55 B AN
HIRIE S
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Figure 1. RN-486 with BTK complex structure chart and plane structure of RN-486
1. RN-486 5 BTK HYE &¥I45HIE LK RN-486 1 47 F 4514 E

2. IERMSE
2.1. FFEIHEFEWM

78K R 2 (PDB) 3R EUR AW i R 4549, PDBID N SPOG [1211F A/ T8l 11 v .
ARSI AMBER 71337 5 78 J1 54, AR T 13280k f114SB =4, /NrT 4
FEI I35 50H gaff J13g ek, /NG T IR FL Ay A 38 DL R S 404 G (8 Amber Tools #1 Antechamber 2
F, AR Tleap Bkt S AW AGHAT AR . A PSR IED TIP3P K& T, KETULEE
HA IR R FRESRE N 12 A 1T 730 )L A ARG R E R 1, A& RUK,
TELIRIE IR F R, RACBERIK, e it R T AR RAL . TR — Bt (] RS 7 . 1k RTE
NVT RZEH M 0 K 18 AR 3] 300 K, AR 1ns; BEJS7E NPT REFH AT FHERAL, FE 2 ns, B4R
J£79 300 K, JE5E4 101 kPa; /5 FAE NPT REFH#EAT 10 ns (7013 /12640, IR KN 2.0 fs,
100 fs 77—, 754013 J72#RGd FE fh R H SHAKE [13]50ik 5 & S 4 i 46, PME [14]
JiiEE R AR AR, AR EVE R AT E N 10 A

22. ZEBEHENITEH

MMIGBSA (43T /12T L BR 2% 2 LR IR 73k, i  E RS TVE I —Fh, DL T30 1 SR
PERIE S AR B J5 72 R il 250 SR AN 2 IR 45 4 B thRE[15] - 454 B el A A8 Fgs Sk 1 oF 5000 591 el
AMBER16 H#] perl A4 mm_pbsa.pl 1 nmode Bt 52 i, GB B “igh” W& v 2, Mi/5 2 ns HHY
Bz 2] A EL 100 WA T MM/GBSA (i85, THES AR i i R 1K TR 7, RA I A
T BN T I AR SR bR R 45 A B g

AG =AE,, +AE,, +AG,, +AG AS (1)

nonpol T

X, AE,, 1 AE,,, 70 B A /NGy -7 400 1 750 5 40 b 2 3 A oA EL A RV A AR AR Y, 28 =T
AG o FRMETE R B B REXS 255 B B RERI TR, BB VYT AG, 0 R AEMMER NS 45 & E h RE M TR,
i Jr T AS FoR A X 4 & H BB oTlk, B g ik Sep RN . 50U AG,,, 0 TF
AT i AT S R AR (SASA) R 21, A A3k

AG,, ... = /ASASA+ 3 @)

nonpolar

X,y F1pRFEEL y=0.00542 kcal/(mol-A), 4 =0.92 kcal/mol.
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3. BRMTTL
3.1 AR EMSBEHEEHE

TV E SR R 1 R R e DA S5 & B AR R B A, BATLWIIE M RAIE NS %
S5, R T BTK 2 E8E 1 5 # W 2 (root-mean-square displacement, RMSD), F-4:fi] 7 RMSD BT
)AL T R (] 2). a2 B, 45d 10 ns () MD 4L, & R RMSD & F& 52 /£ RMSD FRI{E I 51
JOEAE 1.2 A KA, TEMBRHEZES 529 0.0138 11 0.1175, ¥t B FTA 1R RE AL T A X P4 RPIRAS, BRI
FATN AT IX Bz R B AR & B Hag 2 A .
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Figure 2. Molecular dynamics simulation of the root mean square devia-
tion of 5P9G main chain atoms

B 2. 3 FEhHFELL 5PIG TR FHIHIRIBE

32. HRERSSH

AT 2 ns H ELEE 21 9 E 100 Wi T MMIGBSA (45 & H B g5, Wk 1R, 44
At S 5 M, FHEMATIEMH(AE,, ) EEEMEIEH(AE,, )« BIEEFIEHRE(AG,, ). Ak
VTR 1 B BE( AG gnpor VIS 2545 1 BHBERI TTRR( T AS )o Forlr, JEAEHEARFLAEH L ¥ e RH ELAE AN ARAR
PV E RBEF N UG, BRI TN T FIA BTK $EARRI45 &, Mkt va ) e A Ay EqE, BR
ANFN T /NGy FAN R S EEbR B 25 G o TR 9 75 P A B RVBORE AR AR PR Y 7004 VAR SR AR T 454 B HR
REMBE N, JOAEAEAH BAR F EE R AR ) B A X KA 2, Bk, JaBAesd BARRTE/ N 3l S
BUARIA 45 A Pl S R .

Table 1. Binding Free Energy of RN-486 and BTK Target Calculated by MM/GBSA Method (in Kcal/mol)
= 1. MM/GBSA 753£ 1T 8 RN-486 5 BTK #BAREZE & B BB (BRI keal/mol)

Compex AE,, AE,,, AG AG -TAS AG

pol nonpol

5P9G —60.26 —62.78 73.52 —7.96 20.62 —-36.85
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W 2 fow, W EETIREEM A mRe s, KBS A HBRERT 1 keal/mol (FRIEFIH, JHF 11
AR 25 A B R DTIRECR, B e REI/NIEATHES . LYS430 7E5 m486 45& I H Hfig s K,
AT DAE R 1 E AR R SE A FOR WiE . Wl 3 Fos, BEER LYS430 R4t T & H SR T3 A,
55 ma8e i h AR T F AR T RGR AR BAEH . BRitbz 4b, LYS430 5 m486 AT #-
WERAMEAE, EERMAL, & MEE SN 3.3 ARs5.2 A, PR LYS430. TYR476. ASP539 5
rn486 AH EAFH BT R ae i AL AE FH REXT 45 & B i Re A B 2 Tk, JEAR PR MET471. LEU408.
VALA416 5 486 #H HAF FH At 3 IR AR F R85 FE AR 1 B8 10 KN A 84 B S 1) 22031 o DA S 2R (Al
R AR LEU4A08 A, Wi 4 s, '©5 ma86 LR 1 i ANER () m-ke A AR, AEAF FHERAL,
R INPEES Sy 3.9 A F1 4.8 A,

Table 2. Interactions of RN-486 with key residuals in BTK target (in kcal/mol)
%< 2. RN-486 5 BTK #Efrh EE 5% EAHEE/ER (1L kcal/mol)

Residues AE,, AE,,, AG,, AG,, AG

LYS430 -0.47 -124 9.73 -0.16 -3.30
MET471 -1.13 —2.73 0.89 —0.05 -3.01
TYR476 -1.84 -3.85 2.87 -0.08 —-2.89
ASP539 -1.31 —6.12 5.16 -0.21 —2.48
LEU408 -2.82 -0.89 1.69 -0.42 —2.44
VAL416 —2.10 —0.48 0.65 —-0.20 —2.13
LEU528 -1.75 -0.36 041 -0.25 -1.95
GLN412 —1.60 —0.46 0.61 —-0.22 -1.68
GLY480 -1.29 -0.42 0.45 -0.20 -1.47
ASN479 -1.19 —-0.78 0.95 -0.11 -1.12
ALA4T8 -1.06 -1.07 1.20 -0.10 -1.03

Figure 3. The hydrogen bond and n-alkyl interaction of Lys430 with RN-486
[ 3.LYS430 5 RN-486 WE# S n-kEHEIER
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Figure 4. The hydrophobic interaction of Lys430 with RN-486
[E 4. LEU408 5 RN-486 BB /K HEE1ER
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