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ABSTRACT

The 34 potently pig pheromonal odorants (1-32, 5755 & 7113) through structure-based virtual screening and li-
gand-based virtual screening method were selected and their ADMET and pharmacokinetics characters were eva-
luated and discussed quantitatively. The pheromonal odorants were projected on the following pre-calculated mo-
dels, Caco-2 cell permeability, blood-brain barrier permeation, hERG inhibition and volume-distribution. From the
results of in silico study, it is found that an optimal compound (31) either penetrating or have a little (Pcacc=—8.143)
for Caco-2 cell permeability, moderate penetrating ability (Pess=0.082) for blood-brain barrier permeation, the low
QT prolongation (Prerc=1.137) for the hERG K channel inhibition, and low distribution into tissues (Pyp=—5.468)
for volume-distribution. Therefore, it is predicted that the compound (31) a topical application may be preferable

from these based foundings.
(Key words :

ADMET (absorption, distribution, metabolism, excretion & toxicity), Blood brain barrier, Caco-2
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#| 2 & (pheromone) YA YE(GAAE 2 whggo})
EHE IFFES o274 F g7 o]&Hh Cell-
cell(FHZohzFEl Fale] & Fed "quorum sens-
ing'o] dEmon, A WErt FolXW ol& Q3o
autoinducers &= AE 2434 (bioluminescence), ¥
2+ d(sporulation), M Hl(mating), 5<12 & (virulen-
ce factor expression) 12|3l AJET(biofirm) FA ol
o] Fo] ZIthBassler, 2002). S(terrestrial) AWE 37 ol A]
ety A3 EL AAEY] Y8t FA HF FEEL
T 7 71sA R sREHoa g $4A4E 2
ZAS LA ANEE] st pEAdo] 4

Y53 Al(vomeronasal system): F2 H] 324
E% 53l gt Ao R oW TtHCatherine
7t F8A
s

434 UtHAmadou &, 2003). 1Y F7F 47
9 olF7l ¥ AL WA EHE 93 wkgEe
doll ot A3}t heterologous systems®] §53}7] Wi
o]thMcClintock %, 2003). GAHE A A S B3t
A IRTEY AGA )2IAA] 384 72 (chemo-
sensory) A% W= Gprotein A& A=7F FU3
Ao 7 Au 9 rHDohiman 5, 2002). ©]#13 vz o
32 FERE Xray 20U A5 vl f2 2y
(Kubinyi, 1998)l 23t} w2 A &1 3 91O Prote-
in Data Bank (PDB)(Berman &, 2000a; Bernstein &, 1977)
+ @A) 52,0007N(www.resb.org) o]’3e] @A FRER
24 5o] o]]gt A& K SHbioinformatics) S F-F3F2
ZA(Berman 5, 2000b; Westbrook, 2003) Al &$ k&
Mol Atk =& F1 Arh

ZHle s M HIRORE JHFE M (virtual scr-
eening; VS)¥ %114 BAl(high-through-put screening;
HTS) W Eo] ol &5 9 o (Hertzberg 5, 2000), %
g A5 2R d% 35tE(lead compound)®] 2l
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7|EA o2 o]§5= =T Eo|tHAbagyan 5, 2001; Bri-

7 =4 wEo] 30~40%Y] FFEEC] APFETHCald-
well 5, 2001; Kerns 5, 2003; Kennedy %, 1997). 1
EE virtual libraryE ©]-8¢ M= 33E S4A AD-
MET(Ekins, 20000 SHA #olz t}Foz 2vi(Ba-
jorath, 2001a; Walters 5, 1998) #}8%4 B & (chemoinfor-
matics) F-oollA] WA =0]E o] gkom(Bajorath, 2001
b), A% g HAst 27] GAA E8-38H8 &
BT olde}, FEFTHTYH ADMET 54& 1183}
oF ¥THEkins, 2000). ol WL in silico 71HS 3}
FEEd dig FEFHTH EAH 54 diF dF
2dEo] #&Ho|(Van de Waterbeemd, 1996) FE2 7}
2 Ibsd AE SgHEEe] Skt glen, o] 7iye)
A FEL S3FES FAHA ¥ IS SFES
o] 48 & glvh HolthEkins, %, 2000). 53], VSHE
&9 3PEE9 ADMET 5432 HEZ &4 &7
FrHKlebe, 2006; Hajduk 5, 2005; Whitty 5, 2006; Ch-
en &, 2006).

£ dFdAE A dAEE 25 99E(pOoBP)ol
3to] Z4% tetrahydrofuranyldl 3B A3
el g 3 A ARH 1284 A (3D-QSAR)
o B477 oS IAFER T, 20080 PR
2 FEH 22 & Jeid Aoz d4dsE A
A3l 3}5HE(1-32, 5755 E 7113)(Sung 5, 2008), 5%
FoR FEEHAEQ BT} ADMETE in silico ¥'E
o= A3t B4t AESTL

- U

'LB % SB JHEM

gtee) 7|2% 7MIE M (Ligand Based; LB-VS) H
o s ZH (A F, 2008b) cyclohexyloxytetrahydro-
furane FE=AEY virtual library2HE F28 IJFE
(Fig. NES W22 320 7|2 7MEA(structure
based; SB-VS)& AA|3H3T). SB-VSw= Ehe 22rEF
o] g 3xkH 2ol oEHo|a B Ko o
virtual hgapd% o] &% =7(docking)(Brooijmans 5,
2003; Abagyan 5, 2001) Ao W P& FAS
2+ FES FUEE de nowvd ) Wgoln. ols} o)
ZX o= LB-VSE dlu] AEH 4L YehllEs &4
A A, “2H-8-2Kagonist) ¥ Z ¥ Hantagonist) 5 FI
(template) 0.2 Ao} = FEHY T2 FAM
T3 X87] A7, dustering, A F2-84 B4
(QSAR; ‘quantitative structure-activity relationship) (Ku-
binyi, 1997), ¢Feld AX FE 33YAA e A
T ABRES AMSlE LR vkd e B4S
YehllE B2 8118k ol vi(Verkman, 2004).

AH3 o 2XEY

VSER-EH F28 FEE(1~32)9 £4 T2 o
#7238} Cartesian space®|X] AMPAC (Ver. 6.0, www.

semichem.com)2] Hamiltonian AM1 H-& ©]-838t4 7]3}t
3t HAstg AAE olRolRon, F3HEES] A
AR (eV)E Table 10 Astoith. 28] 7)o Hx=
2 FZ9(SB-VS) IFFEGHS Z 7113y EIAZT
(Sung %, 2008). EA=7](molecular docking)ll ©]-&-€
NA B F8ARA salivary lipocalin (SAL) T2
(PDB code; 1GM6)< protein data bank (http://www.
pdborg.com)Z 58], 1)1 71d #Ae] t=sg 8
A g Alole] ExI%7]L Molegro 2007 (Ver. 2.00)
(http://www.moegro.com) Z2IAE o]-§3tq WIS
131912, tetrahydrofurane 3}HE} virtual library
(data set)S o]83ld BAETE HAS =7 3
A WHSAHE FAHOE 7A oig ohu] =4t VeSS
subsetZ A 2]3}31.21, Moldock optimizer minimiza-
tion WHOZ (X7 pose; 50 ¥ minimization; 2,000 st-
ep) 100 keal/mol B U9} 71 HA3E dock score (-RS;
keal/mol) & ZeE ddA] F2E Ik

ADMET A&

A A28 A SIgE] e Caco2 HEFIA,
85 ¥ (blood-brain barrier; BBB) T34, HE54
(QT prolongation; hERG K inhibition) ¥ %29 £%
£ (volume of distribution; VD) 5, ADMET®] tj& ¢
%2 VolSurf (Ver 4.0, www.moldiscovery.com) X271
Hoz Axsla, EAEY e B (probe)Ed E
(H0)%} carbonyl-715 229 AHO)E o83l 0549
3394 AR FrolA FESATE Volsurfs 33H17)
Az Axe tigt Ars} g 22k A2 2] A
22X AR (grid field)o] W2 AHE-ETHKubiny, 1997).
71A BEAET probe 9t 7H4] FZ A& (H-bond, B
718 2 Lennard-Jones &)2] HA| o4& GRID force
field & ©|-&¢ potential energy©|th. & probet 712 &
Ao} geishu]gulsts, 283 &4 probest carbon-
yl probe(0 YAHEL FE-AEY F5389 oy
o o]gHth AXPHAA AFA probeEA AA U=
£ 8 A(Eentro=Eyy —Exp) @ 20] ARFRATHGRID; Ver.
2.0, Molecular Discovery Ltd, London, GB, 2002). 7]
NA Eoropy= 88 8NN 25 539 o]dA<
dosta ARolw Eyd EAES EE & AlolodlA
Wyl BAl A AES, 183 Epd s 221 8™
oA & Exte} 54 A8 Abele] FAAY 4I5AE
£ Yehdit). 2822 VolSurf descriptorsi= 33Hd 33t
AolA AE BAEY AHo] BadA UtHCrudani
Z, 2000; Crivori 5, 2000). »
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7HgAvs)el weE 71" BAEL tetrahydrofurane
E}e] furanyl-7]91 4 hetero i8¢} NCCO)N, NC(O)
NS 7|18 2oz EXHMWL) 300 38 HEshs
IFEES WO E Chembridge product library®} Tri-
pos LeadQuestoll X F233131 X3, ¢ T4 1



7 S22 g WA BAEe) SFEESH S42 ADMET

B Aoz oF FH RIEES YR virtual
docking analysis& E/\] o AAsATE 1 A}, SAL(1-
GM6)ell th3te] docking score (Rerank Score, RS)&= —60
keal/mol ©]8} T1E]1 Affinity (AF)E —18 kJ/mol®] 7t
< Zke F7E E¥hE 244005 Eelskslon, o]F RS9t
AF gko] 7F w2 307 22]i LB-VSY| <& A= 2
Mol S=EE1 R 3)0] FEH (Y 5, 2008b) 1 AR
£ Table 19| AEslal 1 T34 Flg 10 z4z; A
sFsic), F‘:B’]— xl;ﬂx%o Jﬂiiﬁo 1/}1:/].% Ho=z o;‘ﬂ}\l
= 33709 617} BAES FE5954 4 £9-318
A A, 183 Caco2-AM1 %314, BBB-AM1 F3}4,
hERG-AMI R N =1 VD-AMI R E¥ g7 o)
AAE mEE5o] H83te] ADMETE oﬂ—o}ﬂ a1 A
€ Table 1¢] A2Jat3ick Gl F5 gl diste] HE
8}31A} Caco-2 Cell lined AT &E20] in-vivod A 2
5 Agol digk d9rARQl o)F 2dE, 2D PLS score
< 33EE0] Caco2 A|E w&d gt Fatel o &
el e dES ATl welbA Fig. 2 Caco2 Al

hu

¥ 9% T4 Edg 183 Fig 32 ] Ao o
@ oFg TS d3d 2UEd 34 28 Fapyol
$82, 200 FeA 48 Fidel wed 747 e
ey

AREMT} 2o 2F 2N
EE e AEEAE A28 Human Ether-a-
go-go Related Gene (hERG) K'channel®] ¢tz oA €l
Th hERG Aol g o5& A 548 ddsies 5
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L3 AEFH AFol, = MLl T23 A
o2 p¥x 9t} Fig 4% hERG K'channel o]

e o] A S48 A5 224 hERGO dis)
of 24 AL W AsAlE, 2 FE2N dF A9
AzA gdEh L3 y(PLS scores)H] #olA Puere
<=05 o]3te] FFEL A3, —05<Purc<0 @S 2t 3}
FEE2 Asl/MI A, 0<Purc<05 B etasS v
As/A B L)AL Pure>05 o138 w2 = 5}6“:%%
WERGE ASSHA i S22 e ofgd o
EEXRAH(VD)2 @33 35 AlofolA °k‘j«] ot
s o] g AdA qa}:_q Fye Agdn, @48
(plasma compartment)2t} #¥je] #3917} A= AL
okgo]l ¥ 8 v 23 e fEAdd A4S ¢
ujtal oFEe] trkdh spebE aeja Askeky @Al

og 534 el vD2 ®@HY. WekA Fig 55 VD
of g e%lz FAEAM Ao 52 %%~ o=
oFeo] Ao A £XgE, 12u FEH A5 ¥
£ VD g2 okzo] 23 FA 2X —% LrEpdch
L 5§
Caco-2 N ZF3}
F2 7z 7123 7PFEM o 2(SB-VS) 229 3y
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Fig. 1. Structures of predicted potently pig pheromonal_analogues (1~32, 5755 & 7113) by ligand-based and structure-based virtual sc-

reening.
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Table 1. Docking écores, total internal energy, and pharmacokinetic scores of predicted potently pheromonal analogues

Docking scores Pharmacokinetic scores

No. _— " Total energy (eV) T T e ooy
1 ~7635 ~1951 ~2,720.500 -1977 0,508 ~3.098 2591
2 ~76.18 -19.92 ~2,875.665 -2586 0121 ~2.368 3255
3 —7475 -19.79 ~2,875.631 ~1411 -0.093 ~2.261 1.785
4 —7044 ~19.15 ~3,080.831 ~2.758 0289 ~1094 3.075
5 ~78.68 -1877 -2,583.053 —0.703 ~0385 —2678 2.646
6 -8082 -1851 ~2,738.677 ~1846 ~1619 ~2314 2412
7 ~7622 -2236 2,967,555 -1513 —0.366 —0.001 3577
8 -7727 ~2241 ~3,082.604 ~0427 ~1303 ~1836 1284
9 ~73.80 -2155 ~3,187.656 ~0281 ~0363 -0403 3.600
10 -7767 -2068 ~2,583.333 ~3.150 ~2.000 -2243 1.969
1 -8035 -19.79 ~2,739.008 -2.79 ~1.648 ~0.969 204
12 —~78.60 —2455 ~3,032.445 -2419 ~0.989 —0470 1.934
13 —6791 ~23.37 ~3,636.187 —0.506 0751 ~1655 2.865
1 —8955 -2436 —3,636.224 - 0551 0.843 ~1317 3211
15 ~9458 ~24.29 —3,480.906 -142 2160 -1332 3289
16 ~95.21 -2423 ~3,480943 ~1799 2.859 ~0.839 3.146
17 ~88.90 ~2417 ~3,188.230 -0276 -0.955 ~1535 0.948
18 ~80.01 ~2658 ~3,161.002 0517 —0.267 ~1917 4376
19 ~7496 -27.39 ~3,200871 1.861 ~1913 ~1.086 3414
20 —80.04 -2492 ~3,123.320 0.684 0.835 —0.665 2.715
21 ~75.24 -2323 ~3,123.410 0.663 —0419 -1116 2.909
2 -8568 -23.46 ~3123343 0511 0.000 —0871 3.407
23 -770 ~2439 ~3,590.074 0.226 ~0.450 -2.047 2.400
2% ~7638 -2532 ~3,229.306 0289 1117 ~1612 4786
25 ~75.91 ~28.84 ~3,425.544 1305 0341 ~1.666 4598
26 ~78.47 -32.54 —3,380473 ~1.500 0526 ~1631 7.082
27 ~7259 -3086 -3973.121 -123 -0.326 ~0152 3.170
28 ~7226 ~26.90 ~3,657.615 0482 0571 —0207 4555
29 ~7649 -24.60 ~3,726.328 ~1.070 0.639 -1276 3370
30 ~76.00 -28.65 3,299,535 2686 0.685 —2081 4180
31 ~68.30 ~20.83 2,554,663 -8143 0.082 1137 ~5.468
2 -69.33 -19.22 ~2,554.683 ~7.416 1106 0719 ~4.463
5755 -50.72 ~12.82 ~2,886.229 -448 ~5129 4449 1727
7113 -7035 ~2721 —4,246845 —0.065 0144 -1217 2844

¥ Rerank score (kcal/mol) affinity (kJ/mol), ¢ predicted Caco2 cell permeable, ¥ predlcted blood-brain barrier permeation, @ predicted hERG
K" channel inhibition, ? predicted volume-distribution.
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Fig. 2. Caco-2 permeable model from PLS score plot for the Vol-
Surf of the selected compounds by virtual screening, (Red open
circles represent penetrating compounds. Blue open circles repre-
sent non-penetrating compounds. Filled circles represent the pre-
diction of compounds.)
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Fig. 3. BBB permeable model from PLS score plot for the Vol-
Surf of the selected compounds by virtual screening. (Red op-
en circles represent penetrating compounds. Blue open circles re-

present nonpenetrating compounds. Filled circles represent the pre-
diction of compounds.)

i, AFZSA(AF) 26(AF=—32.54 kJ/mol)¥] 3}¢E0]
W 2L Aew 4&Ht a3 fizd 7]z
PR o Z(LB-VS) IZE B3HE, 31(RS=-6830) 2
3(RS=—69.33)¢] =7 AFoj= SB-VSEHE &9 3¢
Bro doith B4 2309 ol &9 gom F5%
712 BAL 544 3 edel % =YPe AAfa
£, Fig. 2& VS2HE F2¥ sEES oz @
Caco2 Al &5 T3 oA A4 o] H& A

Rt

PLS scores (PC )

i i i i A i i
i =i =l =3 ede AN u £ Wy % s

PLS scores (PC 1)

Fig. 4. hERG K channel inhibition model from PLS score plot
for the VolSurf of the selected compounds by virtual screening.
(Red open circles represent hERG K’ channel inhibition compo-
unds. Blue open circles represent hERG K' channel non-inhibition
compounds. Filled circles represent the prediction of compounds.)
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Fig. 5. VD model from PLS score plot for the VolSurf of the se-
lected compounds by virtual screening. (Red open circles re-
present low drug distribution into tissues. Blue open circles re-
present high drug distribution into tissues. Filled circles represent
the prediction of compounds.)

< Fa FEA AL G BiAde ouldt) mdo
HEE = o F SPgES] 24 H(y; PLS scores)Z Puwn<
4x10"%cm/fse —1, 4x10 *<Pep<ax10 %cm/s= 0, 23] 3L
Pue>4x10 *em/st +19) Lo 2 742 =M, 12 F
FAdo| nstAY F3g, 18 19 FS 33 (epi-
thelial) A¥E T34 5 J& FHo| oS TAITL
VSEEE F2d IFEEL PLS B4A|, FAES 29
A 7Vg w2 BAKSDEP0.722)E YER oM, 31(Pua=
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B
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offt

—8.143) B 32(Poe= —7416)¥H FFEEL Caco2 A FE
F3 4 gle g9l fX3ta drh 53, 519 F}E
o] 5 score’} +12 AT FHRTPE FHH JEE ¢
U 2345 JedE 358 & 9. 18, 7er)E
PLS Ao & 4&37ke BXHSDEP)E ¢jr]sts, ol
g 71&71o fx3kE SEEQ, 13 2 575552 Caco2
AEFIHY S0l FAEES e

gy R

Ao RE HEE A Laj4do) L FETo] o
AH FEA9 FEE HE o|PHA &A s Ao
gy Aot} 27 2Ad e EAEH] e =3
A vl £ Ui @ FHP0] ¥ 122 FAH
o FF e A FHr} o] Rl ¢ NAHZA
AH &30 o 7L o]F Y PR AlE)
P & BA @AS AgsH WeE B8 H4E
2 Eozit}. 43 @BBB)l tiE IE EFHHL 4=
3 29S8 Yehd Fg 3914 A4 9L BBB FiAS,
23l FEA 9L BBBY FHAE VEhA] £gE 9
ulgict, ojw) oFEe] &3/ BBBS} WML o]Fojof
313, AFE B2 EFH xS odte it &
‘4 YEHdth 2D PLS score x{PLS scores) 9] 9%
FHAA y(PLS scores) %] o5gko] Pep<—03 0|5}
#E Ze gEES FHE & e 9nsty, -03
<Pgpp<+0.3 HElol| EA= IFEEL Fpol| AP,
22|32l x (PLS scores) & 2% JAA P03 o]
o & ZE 3FgEL BBl FHAo] wig & 3%
EYE o & dvh BN R 229 JUEE
& PLS ¥4, FHES 3004 7 @& HAHSDEP=
0498)E WUEP o™, dSgho] —0.3<Pepp<t0.32] HH <]
& 2 F3E(Q 0121, 3; —0.093, 4; 0.289, 22; 0.000
2 31; 0.082)2 BBBY W& 5 (Pes)ol W HAF
£ 45T F Atk V1L7)E R HAASPLS) B4
o w2 dZgke] SDEPEzHE 9vlsiH, o) T 7]&
7)ol 91A3e 33E4, 9, 10 E 29)52 BBB 749 o]
g dSo] FAEEE Uepd

hERG K* A dA3)

= FEES AEEAE #9E B9 olE, Hu-
man Ether-a-go-go Related Gene (hERG) K' channel]
Aptat BAETE hERG Ado] e A2 44 S48
wAe Fa% AT X Foly, & st glo]
A F8% kg oE uEHm gth Fig 4& hERG K
channel 2hol]l o kB AP S Q53 md=z
A A 4L hERG H] AAIE, 18n F249 dge
hERG A#AZA EHHATE wehA y(PLS scores) %2
FANA Purc<—05 ©]3e] S22 A8, —0.5<Piugre<
e 2 AEEELS ASRAYN, 0<Pure<05 WY
SFEES HA /A, 183 Puxc>05 0149 3HEE
£& hERGE A#eA] &e AMEERE 448 ¢+ gtk
VSERE &9 SIFEEL PLS B4 FHES 49
A 71 28 AANSDEP=1.173)F YEMNY O™, 31 (Piere
=1.137) ¥ 32:(Purc0719) FHFEL Pure>05 ©l4<]
A5ZE JePd 2 2% hERG K channelo] W& A4
o] ¥5& 4 U oy, UnA FF¥EELS hERG

K channelg A&t 43 54& g

Htk d7)dA 7187 PLS BAd wE &=z
HZHSDEP)E 9u|shH, 712714 YAI8HE 313E(26 &
)2 Y 54 50 .

g0 FEEHN

ofEo] REEH (VD)) e dF EYEA Fig. 5 F
o] Aol &L W& VD oz FEo] 2Ad H
EXge, aga F2Y 952 & VD oz oEol
ZAd A £XEE Yepdth oF FES] yH(PLS
scores)2 log HEEA —15~042 HHdA FFES
9] ofl&3gko] Pyp<—08 °J3te] @ e FHFELS )
&) VD>6.3 l/kg 1%, —08<Pyp<—05 B IFEE
2 32<VD<6.3 lkg, —05<Py<—02 BHY FLFEEL
1.6<VD<3.2 kg 2L Pyp>—02 o149 #& 2& 3%
EES B8] VD16 kg2 747} R@AHTH VSE
e 229 AFEEL PLS B4, FAES 204 713
W HAHSDEP=0240)2 “FERAISH, 31H(Pyp=—5468)
4 RHPyp=—4463) SFEL P LEEA won,
ZAo} F5A £2 Fxs}t v Feg 48 F
AL TG, A 71719 FEA 7]&7)E PLS B4
o W2 Sz AAE s, o2d 7L 9
Ashe FAREE1Y, 23, 24 L 2502 VDI th3k oZo)
A3 ehdth

olAF 2L AE ZAEZHE Caco2 MEFHA
A 3133 W FFEEL ATFA JFIRA ¥
FHA R FHE Rl Aol /M HEE e
2 =), E3 BBB T 4% JFER 9
29 SPEEL 2, 3, 4, 22 283 311 Fo)a, A%
EA4E feslE hERG K channeld] tidle] X3}Ado]
@ FEEEE 31 2 3298 5o FHT £, VD
7t 92 SE(R1 2 2)5L 27 Vo] 88 E¥UL Y
& Aoz JAHAY. 222 3HE(4-(tetrahydrofu-
ran-2-yloxy)cyclohexyl)methan amonium (31)(’d &, 2008a)
< 92 A% 247 P EXHA g3 2FolY &
Al 227t 42 A4S Ued A= HSHe F
A HA AZE A SRHER IAHAT
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