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Abstract

Objective: To screen the components with phosphoethanolamine methyltransferase (PEAMT) in-
hibitory activity from alkaloid database using molecular docking. Methods: The PEAMT was taken
as the drug target, and multiple rounds of virtual screening strategies, such as similarity screen-
ing, molecular docking technology and drug-like evaluation, were used to explore the hit mole-
cules from alkaloid compound database. AutoDock Vina, PyMOL and LigPlus software were used to
explore the binding mode and affinity of the hit molecules with the target protein. Result: 100
small molecules were obtained through similarity virtual screening, and 5 molecules with binding
energy lower than threshold were retained by molecular docking, 4 of them were in line with Li-
pinski’s Rule, including pioglitazone, 5’-adenylic acid, isoguanosine and adenosine, respectively.
Pioglitazone and 5’-adenylate were the best hit molecules because of high binding affinity with
PEAMT and similar modes of action to that of the original crystal complex. Conclusion: The virtual
screening strategy of similarity screening and molecular docking can provide research direction for
the development of Bursaphelenchus xylophilus PEAMT inhibitors.
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1. 5|15

FAKH 22 2 (Bursaphelenchus xylophilus) 3% El i T # Steiner 1 Biihrer T X 7E ¥ AF K HH#2 (Pinus pa-
lustris) A A4 HH R II[L], FIEAARS B FSBERVERIR T, @ MO ZEE B U, O 2 it
hEL SEEL mER. BAR. SE. #E T MAESEZ A EK2] [3] [4] [6]. FRE ST 1982 4E7E R i
ol B e R AR 5505 [3], BLOARIREEIR. =/ St ILOh. Wi, W84 16 MbX[4]. R
IR AL R 2 A SR R AR AR PN SR 451 IR M 2 AL B AR R R, B ARFl . BUw e
By ie R HME SR o A RREAA I — BUBRYMAE — R WA AT BET, o 3R (1 AR A I8 SRR B AL i 1 7™ B 1)
6] [7]. HRET, ERHARZEER, FEARIABEE 27 A0 E 5155 &5 NN B R R e
ZRPIET-B, (@ AFEFRER KBNS W1 W) B AR S IR EE I O R 5518 2 BB (8] [9] [10], A
A TE” EERAFLR BRI FIRES ORI E NS, Rk, FFREEIFRIIIAM 2
HOR B CZIAK L

PRI, BT G v T A AR e S e R L BRI IR L 8 TR 1 G IR el A R fi 7% AR L
WY, AIEBORICIAMER B, = B I FA 4 26 R RFIR R G R KR AE F[11]. BRIRR 2 BA
PIREE. KR AGPEMAEERE, BARAKIF KT R. "EMAFHE UL EER, %E
KEFH BAR RS TL BRI AR 2 BURAT #5407 73[12] [13] [14] [15] [16]. A o ) AR A0
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TEVERLG e —MRINI B BA VA EY), A @Rk BEdE, R4S o B, AR
W ARG R, FR ARG A figgtE, & MBSO ERRRFI[17]. (AEHNE) hid#kE
% (Radix sophorae Flavescentis). 4 #f(Stemono japonia)Fl 22 7 (Veratrum nigrum)% 2 Fud ¥ & 45 A Yo
gy, [ER A PG E R ER .. W S (matrine). 2 3kbi (aconitine). 75 2\ bl (wilfordine). /NEED
(berberine) F1 & 2% 1 i (strychnine) 25 22 il 4 40 i B 94 U S 30 5 558 0 O A% HOVE 14 [18] . AH 2% & FI(CN
103141490A)th CIESE, A H Al 43 G i S AT Al B OREARAED) ERBEHE | B E . /g
e AT i, HakEUIR 2R S S A SR B iR & R BRI, B IRRL 215 B OR S 7 AL 34
A BRIIF KT 5. I, AR A Y BA R & RO M 42 B % R B3 70 3 ARG SCHRIRGE
TEMMM LR b, BER 20 %% PR L #4672 i (Phosphoethanolamine methyltransferase, PEAMT) 3= 5] FH ik 2
W 1 PR EAY R B R AR B2 S R i I AR 6 ) SRR, DLBLZERRLIR I IE R AR KR E, TR,
TR LT fig Y L R Bl o R A ER AR S B, D 24 70 () BAB BEAR[19] o ASHIT 5T LA IR L B i R
SRR NGRS, DAY B ATRIE R R, S AE AL S R RS T A 2 A
APEFRIE . 41 X 45 S R A VE VP S 2 A0 TG SR ms,  DARAT I8 H BT KR A 2 T A P A A
Iy, TR AR AU YR PEAMT S0 T R IR R 5% .

2. R %
21 B

FEF EU TS AR 5 R R ARALE B 4P 0728 SR ] Open babel 3.1.1 %4411 fingerprints Fbk; KR =%
8 PG 1) /N o T IR R 2 P VT A SR A DruLiTo #044H[20]: S244 8 15 D et AR TG A7 1) B 2R PYRx 3K
5 o PRI LI BIZE linux 2248 F R AutoDock vina B f[21]; 324K & (1 S ECAA/N 7 7 | 4R
FAE R PyMOL v2.0 [22]% ¢ F1 LigPlus v.2.2 [23] 3K Rk AT FTARAL.

22. BEEARMNESHNESR

MAH T EE B 54E i RCSB PDB 8 R R £ I i F AR B R Wi AH DG I B0 0 1, DR oR VR I
“Bursaphelenchus xylophilus” , 3KEUFf F#E PDB ID & 6WLF [ [ 45 84 K 45 4 1 R Fe AR s- R [A]
RL R IR(SAH), Hor 2 A 1 =4 SRS I B 1 R NREUr X B2t B2 S5O R/
T Je R PyRx X & 1R 5 A IEAT BHIBR /K 70 SREECAR . AL R %467y pdbat #5056 R 510, Iz H
obabel iy 4 ¥4 FEEL I R 45 AL AL 3 pdbat R 3X,  AR i I8 I 1 BN S U R DR/ DR T A x4z
BWLF AR I HTE T s NIRIEXT B S A3, 385 R FH B AT 5 W B 28 28 1 35 5 AR e 22
& RMSD < 2.0 A [24] 9brifE, AN B SRR 5t 1 S8 B0 SR T A4 /N 231 1R 25 TR AE B B R, BT S 1)
MESHHITER LA WRBEEEAT AL DUFECAR S bt 15 AR O AR R RTINS 1R E A 5 568
BB RMSD 4 05788 A, /T 2.0 A, HARYEHESERIUS BTG WECA LT e 2 ES, R
BSHRE A,
2.3. ETEREME AZEHAEMETFE

PL 6WLF JR 45 B A&/ 737 SAH VR AR 5>+, FIFH babel 41 Open babel [#) fingerprints 4%
B TE A DDA & DB R 1) 412 AN/Ny FAE FP2, FP3 K FP4A [THE T T 58U 4 111 fr AH
WPERE, I REVNEATHEY, REEE 3 FharFHaEC N AU REGEL ST 200 NMF, T

Bioinformatics & Evolutionary Genomics (http://bioinformatics.psh.ugent.be/webtools/\Venn) Rl 7E £k 2: i venn

K, REZED T, RIS — it SRR 7 R B N1
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Figure 1. The crystal structure of PEAMT (PDB ID: 6 WLF)
1. PEAMT & {&Z5%3(PDB ID: 6WLF)

Table 1. Docking parameters of the target protein 6WLF
F* 1 $AER 6WLF fIxtiEs

RMSD LA BR ELINAN Ki
% 1
PDB ID HEREE (A) X+ y~ z)inm (X x y x z)/nm (nmoI-L_l)
3
)
BWLF ; 05788 39007, 36.4618, -158720 |10l 129292 19.93

2.4. BT 5 FHERELIIFIE

PLSZ AR 1 6WLF (1R AL SAH AT G, B S ENXT S5, N T 0B LU & s 1L
G IS T E 1K) 6WLF BVE AL s an ] 2 7R . 36 H obabel fir &4 22 i ARABA I 5 146 3R A 1) 431
e AT INE #% 2N i (sdf 350 pdbat #30) 5T, SRS TE linux R4t K H AutoDock vina # 4
W1 5ZMER 6WLF ZHT0 FXHE, 1HE4 AR, DRSS RECAE SAH 52K EE 6WLF 455 68m)
90% M [RIE[25], JEHNEE & REART BRME I AE VBN 73123547 28 245 (MW < 500; H-bond acceptors < 10;
H-bond donors <5; Rotatable bonds < 10 1 LogP < 5)i'Ffiti[26]. MESA K. k. o7&, BRI AR
B % AT e R A g TR GRS R /N o AT I VP AL, SRAS R PRI R AP 40T JFARSE X i (1)
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i HEAG (B0 keal-mol ™), FIFI AR K; = exp{(AG x1000)/(Ryy xT)} /N> T 5 #E AR 1 45 458
AH3(Ki), P T 4298 K, Rcal A 1.98719 cal/(mol-K) [27]. SEAIHEGBRIRT 2 25> 1 B A ftE by b/
53 . BE K PyMOL Hil LigPlus rI AL fi 1437 5 %2 A 8 11 6WLF [H][¥) 3D A1 2D FEHIE

Figure 2. The active site of the target protein 6WLF
B 2. $8SEA 6WLF FEMALS

3. &R
3.1. ETFHEOERERITFE

PL BWLF i 45 b Bl 45 K OB 701, MR8 FP2. FP3 K FP4 =Fkf Bl J5 30 9t S (R 200 #H
LPE R E2 W0 Venn BEIA0E 3 B, RBUIEA 100 NSES 7, HARET 20 N0 FIARIE R 505 T %
2 o AR EIHE A B, A= RS 7 PR AR AL R B = K23 T S7868 (S-Adenosyl-L-homocysteine,
SAH), B2k E 6WLF ()5 B, 1 — 0 Ul B AR R AOLIRE B vl S e A& e . I AR RO =
BT =L F43 AN IR (S1647) Bul i B (S1784) 1 7 5 1F(S9275)

41

Figure 3. Venn diagram of the top 200 molecules in the similarity calculation methods of FP2, FP3 and FP4
3. FP2, FP3 F1 FP4 Z#R{ETHE 75 7A AT 200 4~47FHJ Venn
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Table 2. Similarity coefficients of the top 20 molecules in FP2, FP3 and FP4 similarity calculation methods
% 2. FP2, FP3 #1 FP4 =BT E 75 AHET 20 D FRUBIME RS

MOL_ID 4 FP2 FP3 FP4
S7868 S-Adenosyl-L-homocysteine (SAH) 1.00 0.8125 0.8000
S1647 Adenosine 0.7086 0.5882 0.5161
S1784 VIRA-A (vidarabine) 0.7086 0.5882 0.5161
S9275 Isoguanosine 0.6899 0.5882 0.4571
S3610 Cordycepin 0.6887 0.5882 0.5161
S3190 N6-methyladenosine (M6A) 0.6887 0.5882 0.5161
S9351 2’-Deoxyadenosine monohydrate 0.6667 0.5882 0.5161
S9366 5’-Adenylic acid 0.6102 0.6250 0.5000
S2439 Guanosine 0.5966 0.5882 0.4571
S2442 Inosine 0.5928 0.5294 0.4054
S8095 Tubercidin 0.5926 0.5882 0.5161
S5678 Trans-Zeatin-riboside 0.5870 0.5882 0.4545
S9369 Xanthosine Dihydrate 0.5756 0.5294 0.3846
59368 ADP 0.5714 0.6250 0.5000
S2053 Cytidine 0.5610 0.5882 0.4412
S9007 2’-Deoxyguanosine monohydrate 0.5600 0.5882 0.4324
51985 ATP disodium 0.5561 0.8125 0.6250
S3757 2’-Deoxyinosine 0.5542 0.5294 0.4054
S9345 Disodium 5’-Inosinate 0.5542 0.5294 0.4054
S2518 NAD+ 0.5114 0.8750 0.5526
51876 Valaciclovir hydrochloride 0.4972 0.4706 0.3590

3.2. BT o FRHENEMTFE

FIH Autoduck vina BEERG G MAUTE TR 9 100 N4> T 52 K8 [ 6WLF T 7 X %, (R4S
REAR T B 5 DMWY T, Bl AT R ML, S&TAF 4 Mah 7, HEGRAD) Ki &3
RIS HA T4 3 . H ALK 51l (Pioglitazone) 5 PEAMT ()45 & 35 A 1 AR 45 S it & SAH 1
PG, Nt TR 7 o AR T T ImE IC AR /N9y T 5 PEAMT difA 2R (1 6WLF [ 48 7 20, SR A PyMOL
A1 LigPlus #4341 1 P4y b 40 15 6WLF /R AR, Wl 4 Fiok. BEAT%, DU S, 5°-
JRERR . S SHEMRE 4 Narrh oy 00T B2 A8 1 6WLF i) PHE8BL. TYR127. MET26. TRP123.
GLY61. ASP80. LEU124. ALA106. ASP105. ASN122. ARG64. PHE65. ASP57 Il GLY59 254 Hii
BREETE BT M V8 b o AR 2D A EAE FH (K 4 7)), RO 4 A i o7 E 2 516 D AS R i s R ik
F T B KA A ANVEUEAR BAE A, R UCHS SIS ASPS7. ARG64 Fil PHEGS & AR IRFETE il 3 4
A, 5-RHIR S ASP105 A ALAL06 Z ALK IL LR 2 MESE, 7515 ALAL06 TR 1 M8, 1M
JIRE N5 ALAL06. ASP105 28 LR 5k BTV 1y > S8, U BH 0B LA AN /K AR B AR P AR ) T A
I FHESEANES, WAMER R T A - EREAYNRuENE. FIR, MEE SRS R
rmlC A SAH FE AR B R B, SAH 5 ALAL106. ASN122. ARG64 K GLY59 ZFEMRIEILL T 6 4
SUBEE, JFS R DS I R IR R I LA AR B A A . Rk, 4 N FHIRE S PEAMT 24K
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KA SRR A KA EAE ], R RGm I as &1, BARRD U5 RS ARl rTRCN PEAMT

R L S, T T VLA SIEAT 5 IREF RN

IR R BRI S -

Table 3. Affinity and drug-like parameters of four hit molecules

R 3 AP THFEMDEELGHEXSY

i

SEM NS B SBA SAH B4, N PEAMT

e [ Kl
MOL_ID R CAS = (nmol-L?Y) Mw LogP HBA HBD nRB
S7868 SAH 979-92-0 19.93 384.41 -2.30 9 5 7
S2590 Pioglitazone 105355-27-9 19.93 356.44 3.09 4 1 7
S1647 Adenosine 58-61-7 91.11 267.24 -1.57 7 4 2
S9275 Isoguanosine 1818-71-9 46.37 283.24 -2.09 7 5 2
S9366 5'-Adenylic acid 61-19-8 39.16 347.22 —2.48 10 5 4
3G Ori;gi(:alligand %
: SP-105
ALA-60) GLYrél
6WLF-SAH
\\‘\_ /7Tﬂ‘§ <52 Leui24
/m X ‘ . JubS o (7%777
v,r,:;% g ‘ y ) iﬂw q ’ Asp57
/THR-I\ZI / 1
4
6WLF-Pioglitazone
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Ala60

6WLF-Adenosine

Figure 4. 3D (left) and 2D (right) binding modes of the hit molecules to PEAMT
& 4. 455 F5 PEAMT #9 3D (£E)F 2D (FE)E&ER

DOI: 10.12677/hjmce.2022.104033 325

ikl e


https://doi.org/10.12677/hjmce.2022.104033

4. 75

AT FE 0 A DAL A YRR R AT T CRE VR R S AR P TR 7 xR g e SR 2
VEVEAE S5 2 5E 0L, SRIRAG S habr 2k R kIR LW TP I e RS W A LR 4 SR ML DY A AN 73 1
IR RVCAS IR L S -BRTFIR . R SR, SN EAREME S EANL AT, ok, il
RETR, THILR 4 N7 SRR RPN H A Mg 8 (1 45 RO BAT AR DT 3, B 46
HI B N JRF I RE ST TE DAE A R IR I 2 A, BE— D R W] ek T 45 M (R AR DL B 3
W AA AV, VLA SIER 5°-IR IR 5 S R 4 FhA st & P i nld g gk AR TR 2B E
PEAMT RAER ALK ENE &Y, RABRSKSEENE. ILESIEIA 5 -fRERXT PEAMT HIZRA )
Sl (I SR RCAR AT, 9 PEAMT 78] (0 i CE AR A 4o (E L3 A 5 B0 Bl 37 2 0 5 AT 2
Psicusidt— BRIk . ASHITFURT U RA R £ BT IR L I i F 22k e A i) 700 ) O S A F 7 S8 s e W i &
%

E&WE

FHIRIA TR - BIE LR G AT H (CQYC20210309793) ¥ B # RIS A %I - FEAREAT 5T 5 RivR
PRZ T H (cstc2022ycjh-bgzxm0029) ¥ Bl
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