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ABSTRACT

The interaction mechanisms mfvaprazan and its analogue revaprazan-7rpagssium-competitive acid blockers
(P-CABs)were studied bynduced-fit dockingmolecular dynamicand MM/GBSA binding free energy calculation
methods. The order of favorable binding interactisnrevaprazan-7h (neutral form) > revaprazan (mmoated
form) > revaprazan-7h (protonated form) > revaprazéneutral form). The calculation results indicatieat
enlarging the binding region of ligand witH*,K*-ATPase(such as residues Thr134, Thr135, Asp137, Asn138,
Trp899, GIlu900, GIn924, Tyr928, Phe988 and Asn388)ild increase the activity. Due to hydrogen boadd
electrostatic interactions, Asp137 in particulaosiid be a very important binding site for protorsiferm of ligand.
The findings could help for further rational desighnovel P-CABs.

Keywords: Revaprazan; Potassium-competitive acid blockekoplecular dynamics; protonated form;
H" K*-ATPase

INTRODUCTION

The gastric A, K*-ATPase fproton pump is the keytherapeutictarget forthe ulcer diseases such as gastric ulcers,
duodenal ulcers, gastro esophageal reflux dis€aB&D), and so on [1-3]t is a dimeric heterodimer composed of
o. subunit of about 1033 amino acids with 10 transnramd (TM) segments ands-subunit glycoprotein with 290
amino acids [4,5], which engages in ZXH'/1ATP electroneutral ion exchange to generate diomifold
H*-gradient across the mammalian canalicular memboétiee parietal cell [6,7].

Proton pump inhibitors (PPIs) such as omepraza@esdprazole, rabeprazole, pantoprazole, tenatdprazal
leminoprazole are considered as the first-lineapgrfor acid suppression [8]. However, PPIs exhibielayed
onset of acute effect and achieve full effect csiywly and incrementally over several dose cycBs primarily
due to their chemical structures and irreversiblahition of H*,K*-ATPase[10,11]. Now potassium-competitive
acid blockers (P-CABs) are found to overcome thmitditions of PPIs, which reversibly inhibit gastric
H* K*-ATPase by competing with the*kon the luminal surface and provide faster onselt langer duration of
action than conventional PPIs [9]. Revaprazany(#0.350 uM at pH 6.1) (Fig. 1) is the first P-CABedl clinically
in 2007 for the treatment of duodenal ulcer, gastlter and gastritis, and is undergoing phaselihical studies for
the treatment of GERD [12, 13]. Yo al [14] then synthesized revaprazan-7h (Fig. 1)eaaprazan analogue in
2010, which has higher activity (4¢=0.052 pM at pH 6.1). Although these compoundsairereak bases and have
a little difference in chemical structure, they aignificantly different in the inhibition activityAccording to the
pKa calculation using ACD/I-Lab [15], revaprazardaevaprazan-7h have pKa values of 7.26 + 0.10560 +
0.40, which are 69.89% and 26.04% protonated abH respectively. Hence there are two forms (r@éw@nd
protonatedorms) of the compounds interacting wilf,K*-ATPase.
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Fig.1. Chemical structures of revaprazan and revamzan-7h with their protonated form

So far the structure of gastric’ H*-ATPase is poorly defined, being currently limiteda resolution of 7 A (PDB
code: 3IXZ [16], resolution: 6.5 A; PDB code: 2XZB7], resolution: 7 A). So the aim of this papettésmodel
H"K*-ATPase structure by homology modeling and to itigage the different interactions betwedhK*-ATPase
and revaprazan (revaprazan-7h) includingutral and protonatedforms using molecular docking, molecular
dynamics and MM/GBSA calculation methods.

EXPERIMENTAL SECTION

Homology modeling

The sequence of the pig gastri¢, iK' -ATPase (1033 amino acids) was taken from the SRis$ Database (ID:
P09626) [18]. From the Protein Data Bank [19], tngstal structure of NaK*-ATPase in the fP state (PDB
code: 2ZXE) [20] was used as a template by BLASIIhermethod (http:// blast.ncbi.nlm.nih.gov/Blasfi) [21].
The sequence alignment was performed with the &M algorithm [22]. The homology model of pig
H* K'-ATPase was generated using MODELLER9v4 [23]. Tawltant structure of the'HK*-ATPase was subject
to the Protein Preparation Wizard module in Schrgei [24] as follows: adding hydrogens, assignirgtial
charges, and minimizing using the OPLS-2005 foreld {25] until RMSD 0.30 A. The final optimized el was
validated using the program PROCHECK [26] to asHesgjuality of the stereochemistry of the prosimicture.

Ligands preparation

LigPrep of Schrédinger software suit [27] was uBadhe preparation of revaprazan and revaprazamgé&ierating
3D structures from 2D (SDF) representation, andopeting energy minimization using MacroModel moduife
Schrddinger. Truncated Newton Conjugate GradieNtG&) minimization method was used with 500 itenagiand
convergence threshold of 0.05 (kJ/mol). While H@2i&] was used to generate possible ionization stateH 7.0 +
1.0.

Molecular docking

The docking simulations were performed usinduced-fit docking (IFD) method [29] in the Schidger software
suite [24], which had been reported to be a robmst accurate method to account for both ligand racdptor
flexibility [29,30]. The IFD protocol was carried out in three conseeusteps [31,32]. Firstly, the ligand was
docked into a rigid receptor model with scaled-doxan der Waals (vdW) radii. A vdW scaling of 0.5snssed for
both the protein and ligand non-polar atoms. ThidéGKP mode [33,34] was used for the initial dogkiand 20
ligand poses were retained for protein structueflnements.Previous biochemical and mutagenesis studies
[17,35-39] suggest that Ala335, Tyr799 and Cys81pig H ,K*-ATPase are the key amino acid residues in the
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luminal cavity. Therefore, dimensions for the cub@mundary box centered on the centroid of theseethesidues
were set to 22 A x 22 A x 22 fecondly, Prime program was used to generate thecéul-fit protein-ligand
complexes. Each of the 20 structures from the presvstep was subjected to side chain and backlsfinements.
All residues with at least one atom located withifl A of each corresponding ligand pose were ireduih the
Prime refinement [40]. The refined complexes weneked by Prime energy, and the receptor structuithén 30
kcal/mol of the minimum energy structure were pdsteough for a final round of Glide docking andsng.
Finally, each ligand was redocked into every refife@v-energy receptor structure produced in thesestep using
Glide XP mode at default settings. An IFD scord)§eore = 1.0 Glide_Gscore + 0.05 Prime_Energy)aheounts
for both the protein-ligand interaction energy #imel total energy of the system was calculated @ed to rank the
IFD poses. The best pose complex was chosen tmolecular dynamics.

Molecular dynamics

The docking models were subjected to molecular mhjos simulations using Desmond [41,42]. The systeas
embedded in the POPC (1-palmitoyl-2olesgglycero-3-phosphatidylchlorine) bilayer membramel asolvated
with an orthorhombic box of SPC water moleculesff@audistance: 8 A x 8 A x 10 A). Counter-ions (Navere
added to neutralize the system and 0.01M KCI wasduced. The final system was composed of appratein
120,000 atoms. Before the simulation, the modelewelaxed as follows: (1) two minimization stepssraining
the solute and unrestrained minimization) with maxin runs of 2000 and the convergence threshold for
minimization set to 1 kcal/mol/A. The minimizatiomethod was a hybrid of the steepest decent antelinmemory
Broyden-Fletcher-Goldfarb-Shanno (LBFGS) algorithn(®) after minimization, the simulation in the NVT
ensemble was run restraining all solute heavy atevitls temperature of 10 K for 20 ps, using Beremdse
thermostat; (3) a simulation in the NPT ensembggraiing all solute heavy atoms with temperaturé®K and
300K for 20 ps, respectively; (4) a simulation e tNPT ensemble, no restraints, with temperatur@06fK and
simulation time of 50 ps. Each model was equilibdain MD for 20 ns. Then 22 ns MD production rutisé¢ step:
2.0 fs) were performed through NPT ensemble at I80®ith 1.0132 bar pressure. Smooth particle meskalgw
method (Ewald tolerance: 1e-09) was employed tt thee long-range electrostatic interactions aBdiaradius cut
off was used for coulombic short range interactidii®e energies and frames of each trajectory wesrerded every

1 ps and 5 ps, respectively. MD trajectory analysés performed using Desmond utilities and VMD [4Bhe
ligand-protein complexes were visualized using PyM[34] and analyzed with Ligand Interactions module
embedded in Maestro 9.3 [45].

MM/GBSA calculations

Binding free energyAGying) calculations were performed for 40 snapshots etedafrom the last 2 ns stable MD
trajectory usingnolecular mechanics-generalized Born surface aid&/GBSA) method. MM/GBSA procedure in
Prime program [40, 46] was used to calculata,.q of the docked ligands according to the followingiatipns
[47]:

AC;l‘)ind = AEMM + Ac-:'solv (1)
AG,,, = AE,,, +AG,,, —~TAS 2

WhereAEyy is thedifferenceof the gas phase MM energgtween the complex and the sum of the energiéseof
protein and inhibitgrand include\E;ma (bond, angle, and dihedral energiesg e (electrostatic), andEypw
(van der Waals) energieaGg,, is the change of the solvation free energy upamdibg, and includes the
electrostatic solvation free enerdyGgg (polar contribution calculated using generalizedrrB model), and the
nonelectrostatic solvation componexGs, (nonpolar contribution estimated by solvent adtésssurface area).
TAS is the change of the conformational entropy ugiading, which calculated using normal-mode anal\Rigid
Rotor Harmonic Oscillator (RRHO) contained in Madadel module [48]AG ying Neglects the effect of entropy
contributions, whileAGy,q includes contributions from loss of ligand tratisiaal, rotational and vibrational
entropy (TAS).

RESULTS AND DISCUSSION

H* K*-ATPase homology model

The three-dimensional structure of N&'-ATPase (PDB code: 2ZXE; resolution: 2.4 A) [20]swselected as a
template, which shares 64% identity to piGkf-ATPase on the basis of sequence alignment andFigjs2). The

pig gastric H,K*-ATPase model is shown in Fig. 3. The stereocheynidtthe homology model was assessed using
Ramachandran plot generated with the program PRQEEHEhe Ramachandran plot indicates that 95.6%hef t
residues were located in the most favored zon8 4n allowed regions, 0.1% in generously allowedions and
0.1% in disallowed regions (Fig. 4). The dihedratsyalent and overall G-factors of this model ar60-0.05 and
0.08, respectively. The PROCHECK G-factors are abos ideally for the homology model and may tfene be
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regarded as structurally realistic.

PigHEATPase
2ZHE

PigHEATPase
2ZHE

PigHEATPase
ZERE
PigHEATPase
2Z5E

PigHEATPase
2Z5E

PigHEATPase
2Z5E

PigHEATPase
2Z5E

PigHEATPase
2ZXE

PigHKATPase
2ERE

PigHKATPase
2ERE

PigHEATPase
ZERE

PigHEATPase
27HE

PigHEATPase
2ZHE

1 10] 1 20] 1 =0] 1 E| 50 50 70 E
MGKENYELYSVELGTGPGGDOMAAKMSKKKAGEEGGKKKEK Ho'H o s A Kk a5l Ba
---------------------------------------- LDELKKEVSMDDHKLSLDELHNKYGTDLTRGLTNARAKEIL
0] 100 110 120] 130 140 150 160
rBRR G # A G C Al EGHELT allall G F
ARDGPNSLTPPPTTPEWIKFCROLFGGFSILLWIGAILCFLAVGIQAATEDEPANDNLVLGVVLSTVVIVTGCFSVVQEAK
UU 180 190 210] 220] 220

ol

F O (]
SSRIMDSFKNMVPQQAL\I‘IRDGEKSTINAEF\I‘\I‘AGDLVE\I‘KGGDRIPADLRIISAHGCKVDNSSLTGESEPOTRSPEFSSE
250] ZTU 280 230] 200} 310]

NPLETRNIAFFSTNCVEGTARGVVVYTGDRTVMGRIATLASGLEVGRTPIAIEIEHFIHIITG\I‘A\I‘FLGVSFFILSLILG‘(’
330 2340 350] 360 370 2350} 290}

A A
SWLEAVIFLIGIIVANVPEGLLATVTVCLTLTAKRMARKNCLVKNLEAVETLGSTSTICSDKTGTLTONRMTVAHMWFDNO

0 E R C A A AR FS T LB AM v

IHEADTTENOSGAAFDKTSATWSALSRIAALCNRAVFOAGODNVPILKRSVAGDASESALLKCIELCCGSVOGMRDRNPKI

490 S0 510 il 530 Sl il Shil]
C T LED P REIP o Bl
VEIPFNSTWNKYQLSIHEWNEKSSESRY LLYMKGAPERILDRCSTILLNGAEEP LKEDMKEAFONAY LELGGLGERVLGFCHE
E70 G0 531 £ £10] £ 30
vl B ollr ¢ BT BEY B m
RLPEDKYNEGVPFDADEPNFPTTDLCFVGLMAMIDPPRAAVPDAVGKCRSAGIKVIMVTGDHPITRKAIAKGVGIISEGNE
EE

D 4 (] DPSE \u' A THIP
TIEDIAARLNIPIGO\I’NPRDAKACV\I’HGSDLKDLSTEVLDDILHVHTEIVFARTSF‘QOKLIIVEGCQROGAIVAVTGDGVN
750 7E0] F70] F20] 790 200 210]
A K TWS
DSPALKKADIGWAMGISGSDYSKOQAADMILIDDKNFASTIY TGYFEFGRITFDOMIKKSTIAYTITSNIPEITPFIMFITGNYPLEP
220 240 0 230]
C F C F L R PRy F A A AD T A L
LGTVTILCIDLGTDM\I’PAI5LAYEOAESDIMKRQPRNPKTDKLVNERLISMF\YGOIGMIOALGGFFSYFVILAENGFLPMD
300] 40| 60 70
I HIES G LYQ ¥ EMCESI R L EA F AV F
LIGKRVRWDDRWISDVEDSFGOOWTVEORKIVEFTCHTSFFISIVVVOWADLIICKTRRNSIFOOG MKNKILIFGLFEET
320] 590] 1,000 1,010 1,020] 1,030] L 1,040] 1 1,050]
GC C MPNIEN FQ WP ] G CC S L
ALAAFLSYCPGTDYALRMYPLKPSWWFCAFPYSLIIFLYDEMRRFIIRRSPGGWYEQETY Y

Fig.2. Sequence alignment results between pig M -ATPase and the template N§K*-ATPase (2ZXE). The residues with identical,
strong and weak similarities in H,K*-ATPase are shown in dark blue, blue and light blueolor background, respectively. The alpha
helical, sheet and coil of secondary structure irhe template are colored by pink, light purple andight green

Fig.3. The pig gastric H,K*-ATPase model

Table 1 Glide docking Gscores and IFD scores of cquounds

Compounds Gscore IFD Score
Revaprazan -9.41 -1732.78
Revaprazan-7h -9.79 -1732.43
Revaprazan-1 -8.81 -1731.30

Revaprazan-7h-1 ~ -9.36 -1732.89
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Fig.4. Ramachandran plot of the pig H,K*-ATPase model

Molecular docking and molecular dynamics
The molecular docking between’,K*-ATPase and compounds was simulated by IFD metfibd.Glide Gscores

and IFD scores (the best pose) of compounds wererslin Table 1. The scores are not significantlifedént
among the compounds. Afterduced-fit docking, molecular dynamics simubais for the complexes with POPC
membrane in 0.01M KCI aqueous solution were runngu22 ns. To check the convergence of calculatantto
explore the dynamic stability of complexes, rootamequare deviations (RMSD) for the backbone ativom the
starting structure were analyzed, as shown inFid\fter 18 ns, The RMSD values for revaprazanapeazan-7h,
revaprazan-1 and revaprazan-7h-1 system remain#2®23 A, 1.91 + 0.13 A, 3.10 £ 0.18 A and 3.2D.47 A,
respectively. The systems tend to stable and égaiéd. Furthermore, root-mean-square fluctuatigrisISF)
versus H,K*-ATPase residue number for the complexes are nitlted in Fig. 6. RMSF distributions of the
complexes are relatively rigid in the active siégion (residues Leul4l in TM2, Ala335 in TM4, Tye7id TM5,
Leu809 in the TM5-6 loop, and Cys813 in TM6) asorépd in the literatures [17,35-39]. The RMSF valud
revaprazan-7h complex are smaller than other cowmplen many active sites such as Thrl34, Thr135,
Aspl137,Asn138, Met334, Ala335, Leu809, Trp899, GmIryr928 and Asn989 (listed in Table 2).
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Fig.5. RMSD for the backbone atoms of the complexesevaprazan, revaprazan-1, revaprazan-7h and reva@zan-7h-1 systems
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Fig.6. RMSF of each residue in the complexes: (Agvaprazan and revaprazan-7h; (B) revaprazan-1 andavaprazan-7h-1

Table 2. RMSF values (A) of important amino acid reidues in different complex systems

Residue Revaprazan Revaprazan-7h Revaprazan-1 r@eaag/h-1

Thrl34 3.20 1.26 3.06 2.75
Thrl35 3.36 1.29 3.13 2.05
Aspl37 191 1.46 1.70 1.54
Asn138 1.83 1.32 1.85 1.59
Leuldl 1.87 1.56 1.53 1.32

Met334 1.36 1.35 1.67 1.67
Ala335 1.19 1.08 1.38 1.19
Tyr799 0.81 1.05 1.18 1.59
Leu809 1.18 1.15 1.74 1.37
Cys813 0.95 1.16 1.29 2.44
lle814 1.18 1.33 1.37 3.95
Trp899 1.36 111 1.82 1.68
GIlu900 1.53 1.12 2.13 2.17
Tyr928 1.08 0.89 1.32 1.20
Phe988 2.16 1.24 1.14 1.53

Asn989 1.79 1.21 1.49 1.74

The smallest RMSF values of residues among thelerespare bold.

Interaction modes of ligands with H ,K*-ATPase

To investigate interaction modes in the binding@sitthe average structures from last 2 ns MD tajgovere
compared (Fig. 7). Although both revaprazan an@peazan-7h (neutral form) have hydrophobic intépast with
the key residues Leul4l, Ala335, Tyr799 and Cys#8i8,binding sites of revaprazan-7h are more thase of
revaprazan (Fig. 7(A) and Fig. 7(B)). Compareddweaprazan, revaprazan-7h has glycine interactioim @Giy812,
n- © stacking interaction with Tyr928, and polar intgien with Thr134, Thr135, Asn138, Thr815 and As&98
There are different interaction modes between miattx form and neutral form of ligand. Hydrogemagaf imine
and protonated nitrogen in revaprazan-1 formed dgein bonds with Asp137 (distance: 2.20 + 0.38 A 2129 +
0.39 A), while revaprazan-7h-1 also has hydrogemdbwith Asp137 (distance: 1.63 + 0.11 A) (Fig. 7@ Fig.
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7(D)). In addition, Asp137 has negative chargedranttions with all protonated ligands (+1 charg&#vaprazan-1

hasr- n stacking interactions with Tyr799 and Tyr802 sitankously.
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Fig.7. Interaction modes of ligands with H,K*-ATPase: (A) revaprazan; (B) revaprazan-7h; (C) reaprazan-1; (D) revaprazan-7h-1

Binding free energy of ligands with H,K*-ATPase

The binding free energies of all systems were ¢ated by MM/GBSA method. As listed in Table 3, th&’,,q and
AGping values show that the order of favorable bindingermction is revaprazan-7h > revaprazan-1 >
revaprazan-7h-1 > revaprazan. At pH 6.1, the pattmhform of revaprazan is in the majority (69.89%d)ile the
neutral form is the principal form of revaprazan{m8.96%). According to the protonated form peraget of
ligands, the binding free energiesd;;,g) of protonated and neutral mixtures of revapraaah revaprazan-7h at pH
6.1 are -37.82 and -45.90 kcal/mol, respectivelis tonsistent with the experimental results, Whidicate that the
activity of revaprazan-7h is higher than revaprazan

From Table 3, the four individual energy componéntg e, AEpw, AGgs, andAGs,) were carefully compared to
estimate which energy term has most impact on thdiry affinities. Both the van der WaalaHE,pw) and the
electrostatic £Ege) contributions are essential for ligands bindingH',K*-ATPase. For the neutral form, the
contributions ofAE,py are more favorable thafEge term. But for the protonated form, the major falde
contributor isAEg term. Among all ligands\E,pw andAGsa of revaprazan-7h is the most favorable (-53.558+ 0
and -4.71 £+ 0.28 kcal/mol). AlthoughEg, of revaprazan-7h-1 (-78.84 + 1.15 kcal/mol) is imto that of
revaprazan-1(-79.41 + 1.39 kcal/mdEpw of revaprazan-7h-1 is lower than other ligands.

Table 3. The binding free energies of ligands (kcahol)

Revaprazan Revaprazan-7h Revaprazan-1 Revaprazan-7h

AEinema -0.00+0.00 -0.01+0.00 -0.00+0.00 -0.00+0.00
AEgiec -6.36+0.19 -11.60+0.44 -79.41+1.39 -78.84+1.15
AEypw  -36.08+0.34  -53.55+0.38 -41.38+0.38 -34.20+0.47
AGgg 18.80+0.26 19.02+0.47 76.31+1.27 75.69+0.85
AGsa -2.12+0.21 -4.71+0.28 -0.75+0.32 -1.51+0.32
TAS -0.90+0.15 -2.14+0.10 -1.83+0.24 -0.93+0.19
AG ping -25.76+0.40  -50.85+0.94 -45.23+0.50 -38.87+0.72
AGying -24.86+0.37  -48.70+0.94 -43.40+0.54 -37.93+0.77

The binding free energy between ligands angKHATPase was decomposed into the contribution oh easidue,
which provides quantitative information of the kegsidues related to the detailed interaction meashanThe
energy comparisons of residues in binding sitesshmvn in Fig. 8. Besides revaprazan-7h and rezaprhave
similar binding energies of residues Leul4l, Met384335, Cys813, lle814 and GIlu900, the bindingrgies of
revaprazan-7h with residues Thrl134, Thrl135, Val3B&r802, Gly812, Trp899, GIn924 and Tyr928 are more
favorable than those of revaprazan (Fig. 8(A), &ad). There is the distinct difference between gwated and
neutral forms of ligands. Because of strong hydndgend and electrostatic interactions, the eneogyributions of
Aspl37 to protonated form are all more favorab#ntthose to neutral form, which reach the highekias (-19.80
+ 0.46 kcal/mol to revaprazan-1, -19.14 + 0.35 knal to revaprazan-7h-1). The binding energies of
revaprazan-7h-1 interacting with Asn138, Leu1413385 and 1le336 are higher than those of revaprazarhile
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lower than the binding energies of revaprazan-h wita331, Phe332, Tyr799, Leu809, Leu811, Gly81¢s813
and Tyr928 (Fig. 8(B), Table 4). Compared to thetgmated forms (revaprazan-1 and revaprazan-7h-1),
revaprazan-7h (neutral form) has strong interactidh Thr134, Thr135, Gly812, 1le814, Trp899, GliO®In924,
Tyr928, Phe988 and Asn989. Thus, the interactigioreof revaprazan-7h (neutral form) is larger toémer ligands
and its binding energig the highest. The calculation results demonstteieenlarging the binding region of ligand
would increase the activity. Using the competitiuehibitor 8-[(4-azidophenyl) methoxy]-1-trithiomath
-2,3-dimethylimidazo-(1,2-a) pyrimidium iodide, Msmnet al [49] suggested the binding site included the hahi
side between GIn127 and Asn138 in the TM1-2 loopigfH',K*-ATPase. Therefore, besides the classical binding
sites such as Leul4l, Ala335, Tyr799 and Cys818,interaction with Thr134, Thrl35, Aspl137 and Ash13
(especially the hydrogen bond and electrostatieraations with Asp137) should be very important FeCABs
binding to H,K*-ATPase.
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Fig.8. The comparison of energy decomposition foreisidues in binding sites of ligands. (A) revaprazaand revaprazan-7h; (B)
revaprazan-1 and revaprazan-7h-1
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Table 4 The binding energies (kcal/mol) of residueis binding sites

Residues Revaprazan Revaprazan-7h Revaprazan-1 prResa-7h-1

Thrl34 0.00+0.00 -3.48+0.16 0.06+0.01 0.04+0.01
Thrl35 -0.03+0.01  -2.92+0.15 -0.15+0.04 -0.84+0.10
Aspl37 0.48+0.18 0.91+0.17 -19.80+0.46 -19.14+0.35
Asn138 0.22+0.04 -0.55+0.23 -1.73+0.29 -5.54+0.61
Leul4l -2.95+0.11  -3.62+0.08 -0.96+0.07 -2.44+0.09
Val331 -0.29+0.04  -2.13#0.12 -4.93+0.12 -3.28+0.11
Met334 -3.06+0.16  -3.30+0.16 -1.30+0.08 -0.22+0.02
Ala335 -2.41+0.08  -2.23+0.14 -1.66+0.04 -4.16+0.20
Tyr799 -0.94+0.10  -0.22+0.14 -3.81+0.23 -2.60+0.20
Tyr802 -1.44+0.08  -1.33%+0.09 -2.49+0.12 -2.46+0.12
Leu809 -0.82+0.04  -2.33+0.16 -2.04+0.11 -0.31+0.05
Leu811 -0.17+0.02  -1.33+0.06 -1.25+0.09 0.01+0.00
Gly812 -1.22+0.06  -5.66+0.14 -1.21+0.11 -0.06+0.01
Cys813 -4.13+0.20  -3.43+0.30 -6.96+0.13 -1.18+0.19
lle814 -6.15+0.11  -5.11+0.36 -0.82+0.04 -0.12+0.08
Trp899 -0.76+0.11  -3.65%0.16 0.00+0.03 -0.03+0.00
GIlu900 -2.38+0.16  -3.12+0.09 -0.37+0.02 -0.49+0.01
GIn924 -1.34+0.15  -3.52+0.12 -0.24+0.03 0.00+0.00
Tyr928 -0.16+0.08  -4.72+0.17 -1.47+0.12 0.05+0.00
Phe988 -0.08£0.01  -1.59+0.08 0.00+0.01 0.01+0.00
Asn989 0.14+0.02 -1.53+0.05 -0.02+0.07 0.04+0.00
CONCLUSION

To compare the different interaction mechanismsveenhrevaprazan and revaprazan-fte\tral and protonated
forms) with H",K*-ATPase, molecular dynamiesid MM/GBSA binding free energy calculations weegfprmed.
The order of favorable binding interaction is renzg@n-7h > revaprazan-1 > revaprazan-7h-1 > rezapralhe
interaction region of revaprazan-7h (neutral forsnlarger than other ligands and its binding enésghe highest.
Besides the classical binding sites such as LeuAlBR35, Tyr799 and Cys813, enlarging the bindiagion of
ligand (Thrl34, Thr135, Asp137, Asn138, Trp899, 98I0, GIn924, Tyr928, Phe988 and Asn989) would asee
the activity. Due to hydrogen bonds and electrasiateractions, Asp137 in particular should beeayvimportant
binding site for protonated form of ligand. The atdation results could promote the rational desigmovel
P-CABs.
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