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ABSTRACT

To search the potent pig pheromonal odorants through receptor-based approach methods, molecular dockings
between 680 Flavornets as substrate molecule and pig odorants binding proteins OBP (1HQP) and PBP (1GM6)
as receptor, and QSPR (quantitative structure-property relationship) analyses from physico-chemical parameters of
Flavornets and their docking scores (DS) were performed and discussed quantitatively. From the basis on the find-
ings, the optimal value (MSA)p=407.595 A? of MSA (molecular surface area; A), and RB (number of rotational
bond) had the Flavornets will be able to increase DS. Therefore, it is expected that the stearyl alcohol from DS
and H-bond type between substrate and receptor would be shows the character as potent pig pheromonal odorant.

(Key words : Docking scores, Receptor-based approach, pOBP (1HQP) and PBP (1GM6), Potent pig pheromonal

odorants, QSPR)
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EFe H2E 2% @A (pheromone binding pro-
teins; PBP)& |2 2253 Zgtste] Axed 2dg
LERdATtHCavaggioni 5, 1990). S1%] PBP= ElW Aol A
#1]5 = Bl o] &A1 (Marchese 5, 1998), 3124 W
A EZ2e] 14 @A (odorant binding proteins; OBP)
= v Aot 32 FEAe] Aue] X3k (Pelosi,
2001), #HFF=(Pelosi 5, 1982)3 3 (Pelosi®} Maida,
1995)ell SlolA WA Q14 AEE 3= 7R84 dhaldo]
ok OBP= dubyoz 444 e 44 98S 3
© 7HAS Adl 211 lipocalin®] superfamilyol] <3
THPaine®} Flower, 2000). PBP2} OBP: E%F lipocalin®]
superfamilyl] £s}™, 73202 §FAFStaL s}st HEH)
o A% Ad A HZE T dA) B2 43
Aol BAARIE Aoz LA tkPelosi, 1996).

53], 77 HA(Boar)e] E}Yell S5 =(Loebel 5, 2000)
PBPE salivary lipocalin(SAL)o|2} 3}¥, PBP %o &)
3t # 22 (andreostenone L= andreo-stenol)& ¢
HA 9] v Fo OBP WHEEte] 2 @48 u

E}dth(Reed 5, 1974). ©]31 PBPO| H&2 HAZE A &
T RAEY] AEE oy, HlHYe] B 3 7|9
FEAE A 2 AgstHor 8498 2 she A
© 7 ZZdtBrennan, 2001). HA9] SALS = Hof
A EHEE OBP 9 avhdla) 7234 0% FALSHH(Sha-
han %, 1987) 3 @ o2 RE AL OBPS o9& Eu|A
oAl Bo]A= lipocalin Atol9] F& frAMIS o] 37
& 53k tefdtA EvEs 22 pheromonal ligands
of thgt A H 22 BF#Ho| vkScaloni, 2001). 1t
ohe}, WA E-3 A= OBPY +x Ao #
Aell &g A5l Bag vk oW (Krzymowski 5,
1999), =2 AAES] 2lsle] PBPol thh virtual screen-
ing(Sung 5, 2008)7} tetrahydrofuranyld] =+ #|2& 4
sHgrEo] AlrE v 5, 2009) AT

2 delde FA4Yd MEe @A Aze 4 4
S gz, o 7hA {39 WAl B2 (flavornet)
HA A2 B £-stek v S Hstal re-
ceptor-based approach 'Y 2 Z(Reddy®t Parill, 1999)
T+ 84(pOBP: THQP ¥ PBP: 1GM6)°l tigt ¥4 =
7)(Gohlke$} Kiebe, 2002)0 wjA= A=A 72444 &
Z(QSPR; quantitative structure-property relationship)el|

* o] =EL 201095 AR(aHH7|e)e] Ao dmdTAte] A4S ol £3E A7 (No. 2010-0001351).
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¥ F8A(0OBP ¥ PBP)Y tid WAl =29 2% A
34 =7 239(DS, docking scores)oll TX) &
A 72974 BA(QSPR)(Basak 5, 1999; Living-
stone, 1996), 18] HA| FHZE FAxHandrostenol; A L
androstenone; B)¢} -f-A13t £8]-318 Heu|EE 7pR=
UAEAE AEsly] $8te] TSAR Z21%(Ver. 3.3)
(TSAR, 2000)2.2 WAEAL 1F DS 445 £ 15
F9 29-3% AGrEHE Adstd 7+5d °F 10,2007)
9] data-base(F, 20105 &85} A =33 Ea)-318
e 25 X% MM(molecular mass; amu), ¥32}
FHA: MSA(molecular surface area; A%, ¥} -3
MV(molecular volume; A%, HA #52} 583 TDMto-
tal dipole moment; ), 2e=ZdE: MR(molar refracti-
vity; ecm’/mol), E% A4 X% SFi(shape flexibility in-
dex), 31775 2 %< RB(rotatable bonds; No.), Randic
A4 RTl(randic topological index; No.), X-ZA 4
=254 DMX(dipole moment X component), Z-ZA]
=7 5-&: DMZ(dipole moment Z component), Wie-
ner A5 W(wiener indices), 4] AFAl: logP(parti-
tion hydrophobicity) ¥ AR 454: TL(total lipole) 5

o]giv

2SR oiE =

6807112 WA £, Flavorne(Acree®} Arn, 2006)3 PDB
(protein data bank)(http://www. pdb.org)E< A #H=
A % B) #79 F 4£3(OBP: 1THQP ¥ PBP: 1-
GMé6) T WHSE(IHQP; PRZ160, 1GM6; ¥, GOL-
1167 2 9%, NAG1168)(Massimiliano %, 2001; Spine-
i &, 2002)°) th3te Surflex-Dock X2 1%(Sybyl; Ver.
8.1)2 o] &3] AH(ZF, 2010)9 T AT FHHoZ
A 578 A8t DSkd)E 33tk Surflex-Dock
9] score’} BFFE= AL Van der Waals surface A}e]<]
Al 2A oA A3 JFE Fu W Pl st
of AstE AJsta YA, rotational entropy, &7
3}, 54 H- 2% ¥ crach 5€ A3

EUH X9 =F

TEA g FA =AE FEHoz H3s] e}
o FEAQ TEE FAE A9 dFO2 protein
preparations AAIBIGTE 4&AY I IPE RS
PDBEHEH E#2 2o, ¥ gt=2 M9
3l F&sla Qo) weE B BRE AAINIAY 3R
¥ETh 1 ¥, ananalyze selected structureS ©]-&3}]
TEAE EAET. o] AAFE AXNA HE F£A9
TE F ARE AoE ddHE i 3 23& )
A=, oldf o=t F7]9] A (termini treatment)S

oln

BN

A}, =3, FAEES A fEt & 4At
E AFA7IAY 9E FHY A 2 E714 obrx
Ate] protonation stateZ AR FiL HIE FH}|=
3}H, fix side chain amidesZ ©]-83l4 amide FA}&E
7 ANS¢t GLN9| 7717t 44830l 7Hsdt=s 23
& F7)%= g}

QSPR 2H9| |

714 BA2A FANEAn=680)5°] A HZE £}
o] F $§A|(pOBP: THQP % PBP: 1GM6)° =74], 7]
4784 F SHES YA EAEAES DS v
AE 840E B4 Y5t AR 72U 54
o] Wzl 2 E9-348 g e(EEIHEH DS
ol A TSAR T2 13 (Ver. 3.3)(TSAR, 2000)3}
SAS T2 I (Ver 9.2) 2. Z(SAS, 2002) QSPR EE&S
T3t o FARA S ST ditFos 954
(20500 2 FBA(*=0.90)°] 71F3k 13d Bl %
5% RAZ 53T}

4 1

S1oi-st5} mj2jo|E

H2) HAz2A € BF A E8-33 e EHE
Ze WAEAE ddsy] st F HEE B39 &
2-318t vlE HFFF 5% o Hodlel =g
(E,E)-farnesylacetate(l) 5, RAEAH1~7)% A7 HAZE
(8 2 9) ¥219] E-318 HFu|E 9FL Table 101 3
Fagth AEAEL MM 59 dEr fAE
#e Jehgleoy, Fuz AAE MSA ¥ RBE 2
2 2R YARAEe] & APtk 7 A-+84)
(OBPY PBP)9] =70 &g WAEAn=680)E2 E3-
518t selnlE e} DSoll &3 QSPR 2 2 (1) 2 4 (2)
g 7tz §=38k3, QSPR B2 1ol 3 ASgh(Pred.

=
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Pred. DS

Fig. 1. Relationship between docking scores (DS) and predict- -
ed docking scores (Pred. DS) by the QSPR model (I) (Pred. DS=
0.951DS+0.283, =680, s=0.682, F=4062.54, r’~0.857, *~0.849 & r=
0.926). ;
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Table 1. Compare of physico-chemical parameters of pig pheromone (A & B) and selected flavornets

119

No. Names MM My TDM DMX logP MR RTI MSA RB
1 (EE)-Farnesyl acetate 264.45 233.78 203 157 4.07 84.14 891 338.22 12
2 (E,E)-Farnesyl acetone 262.48 240.10 294 1.19 5.05 87.63 891 339.92 12
3 Ethyl hexadecanoate 284.54 258.40 2.08 0.14 5.99 86.60 9.81 372.94 16
4 Octadecanaldehyde 268.54 253.12 2.79 268 5.99 85.36 9.41 375.28 16
5 Oleic acid 28252 256.87 427 0.36 6.14 87.40 9.77 369.65 16
6 Perhydrofarnesyl acetone 268.54 246.45 292 267 6.36 85.08 891 356.74 12
7 Stearyl alcohol 270.56 250.28 164 0.32 6.49 86.55 9.41 377.83 16
8 Androstenol (A) 27449 233.73 1.45 0.45 4.38 84.23 9.53 27471 0
9 Androstenone (B) 27247 228.16 295 2.53 4.59 83.20 9.53 268.05 0

Notes: MM, molecular mass (amu); MV, molecular volume (A%; TDM, total dipole moment (); DMX, dipole moment X component; logP,
partition hydrophobicity; MR, molar refractivity (cm*/mol); RTI, Randic topological index; MSA, molecular surface area (A”); RB, number

of rotational bonds.

DS)Z EADS) Atelel BAE Fig. 19 vEhiSITh
83 AH5E QSPR Bdle] W Mud Eel-ss
F B &S MSA, RB, WI 2 SFI 50|tk

M2t =2

Table 200 #HZ2E E219} 5% b HAWe -
g deig g e WAERL~-7EY @A #9
# F egAd e DSFES Awsigdoh AR DS
7 PBPETE OBPll tiste] 2 @& uehlis 73k
Aok F FEAOBP 2 PBP)Y] 2AH F2E g vt
(Massimiliano 5, 2001; Spirelli 5, 2002), OBP(1HQP)<]

Table 2. Oder and docking scores (DS) of pig pheromone (A &
B) and selected flavornets to reaction pockets of the two recep-
tors OBP and PBP

OBP (1HQP) PBP (1GMS6)
No. Odor
PRZ160  GOL1167®  NAG1168”Y
1 Oil, Wax 843 5.86 425
2 Flower 10.54 5.53 355
3 Wax 991 248 3.95
4 oil 953 298 465
5 Fat 9.65 3.18 447
6 Fat 948 219 392
7 Soap 10.19 1.72 292
8 Musk 4.63 ~4.339 220
9 Sweaty” 528 ~6.70% 139

Notes: Binding pocket; ¥ cavity, ® out side; @ depending upon who
is doing the smelling, it is reported to be sweaty, urinous smell
and woody smell;  scrach.

A7) 14970 L3 vk L A(PRZ160)S 3870] o}n
A IR FAEe] vt T3, PBPIGME)E TAI8H
= A7 15870019, WF- 9h&EAGOL1167)> 4671,
g 93 S EANAGIIES)S 13742 ofr]xeit &
712 Zyz} o] ATk ey BE HREEAL AFAH
91 $4o] FAH<l AR} AEdk. Ela OBP
(IHQP) ¥+ X219 Van der Waals ¥ 22 4249 A?
Bi= 5493 A’0]Q1aL, PBP(IGMSG)Sl 7%, 2709 wkg-
XA FoA UF vhEFINGOLI67)] EHALS 287.3
A’ B3] 3394 A0 ¥ PBPET} OBPY}F oF 1.54] & w
WA FExpolglont, i EA3he XA (NAGLI68)
2 3 & Rio] JiEo] gl AARE /AR vl
7} E7bsskdoh

TAEEC ol

Fig. 201 ##] #A=EA 4 B) A5 H4is) oY
A (kcal/mol) & AlLFste] B3 #AAE AASTh Fig. 3
A= ¢8A PBPAGMe)S] WiF wHEFA(GOL1167)7
o] % HHEEANAGLI68)0 8 o=, stearyl alcohol
A7 ghstA 24 Reg AT VA w@
A ane dide] 22 FERFNAM Bosheets iERI
Aol cyan(FEM) a-helix TEE oFHiL B-sheet
T2% obd 7|ef F2E ZAIS Blojth. 181 Fig 4%
androstenol(8) A7t -84 PBP(IGM6)S| W% ¥HS-E

oxidation

reduction

B)

Fig. 2. General structures of pig pheromon androstenol (A) and
androstenone (B) molecule. (Minimized energy: A=36.993 kcal/mol
& B=31.236 kcal/mol).
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Table 3. H-bonds and their bond length (A) between selected
flavornets and two receptors (OBP and PBF)

PBP (1GMs6) OBP (1HQP)
GOL1167” NAG1168” PRZ1607
1 None SER-55(2.10), ASP-76(1.93) None
2 None None None
3 . None 255112;563((22055), SER-55(2.23), None
4 None LYS-77(1.96) None
5 None SER-55(1.87), LYS-77(1.98) PHE-35(2.05)
6 None - ASN-53(197) None
7 GLU-121 (1.89) ASN-53(2.12), LYS-77(2.06) None

89 TYR-123 (1.69) ASN-53(2.08), LYS-77(2.10) THR-18(2.36, 2.55)

97 None None None

Notes: Binding pocket; ¥ cavity, ” out side.,  pig pheromone; 8, an-
drostenol (A) & 9, androstenone (B).

ZA(GOL1167)°] =7 A] TRY-123 #&7)9} $4243H2 vet
A Aolm, Fig. 591 stearyl alcohol EA7} 2} uk3-
EFANAGI168)| =] F ofpu] =4t Z7](ASN-53 2
LYS77)%t 349 $22%S AU 283l Table
3= g WAEREY #2248 FYEL Aasisitk

LS

OBP SZA K9

HA, A AZE FAHA 2 B)Y] Eg]-815} detulg
o 7P FARE e ZE WARAE Adsiaal, §X
A2 EAte] g-53 gEvEY FAge 78k,
I B 5% HAH &3 WARER1~7)EL
(Table 1) A2 HZE £31e] MM, MR ¥ RTI A4=
FARER oY & 254 (logP)S YERRITE o] dF=E
FE H=2E A £9-38 Aguge o Jrke
+3% MWl &8s WA= octadecanaldehyde (4),
perhydrofarnesyl acetone(6) % stearyl alcohol(7) 5 370
9] ez gEHA

g, OBPIHQP)Y| gt WAl RAE(n=680)2] =7 A]
DSel mAE E8-35H4Q AAS dolrr] 9Jste o
% AAENE A=t v, PBP(IGMs)l digt
HAEAS] A DSl digt 9 AES] ¢std
=% 2D-QSPR E2(r*=0.577)¢] &34 o] OBP (1HQP)
of g 2drct w¥tr] wo|th weld OBPel g
=7/ DSHl digk tF IARA Ay, Weg Mddd
Ee]-3}8 Helue] 5 MSA, RB, WI 2 SFI 522 7}
F GEY BARE e FHIE QSPR AL oy
A @M R A 29 Zsith

DS=2.91x10"*MSA(x0.001)+0.174RB(+1.008x10 %)
—2.59x10 " WI(x2.0<10™*)— 0.33(:0.154),
(n=680, s=630.94, F=180521 & r=0.943) 1

2l (1) 2 QSPR Ed-& RB, MSA € WI £2o.&

RB % MSA”7} DSl 3&& wA& Holdlou, A9
A7} Aot 2 FFL wi¢ 2H& Aolth Fig. 12 QSPR
2o G =gk(Pred. DS)T FAIDS) Atol9] B
£ yehd Aoz gifEe WAEAEe] g =3
ata o™, QSPR ol A AR A5gh(Pred.
D)7 EAgHDS)TH] wH AN R FHAde] &
Se=0943)3t3lck. Eg A 2)¢F 22 QSPR 292 MSA
o g 284 #AE ERiE 22422 AR ZMSA)op
=408.958 A’9] MSAE Zt:= 740 D7t HUX & e
ek 28ja o] FAQge OBP(IHQP) WHe-E(PRZ-
160)9] Van der Waals EHH 4249 A3} H15:8 F7)0)0h

DS=(—5.135x10°)(MSA — 408.958)*+0.197SFI+7.082,
(n=680, $=625.57, F=1676.23 2 r=0.939) @)

ol bzl o), OBPo| Wi AR WA= F33t
oy, PBPO tid el 4 & olfE 2Y F
of ¥§td WA E¢-3s gevHe FF9 7 ou
39 oplxAt AVINY, F4 R A 54084
g Ru)) Fo| vhEr] WiFo® dwHch 53, Add
stearyl alcohol(7)2] MSAZk(377.83A%°] OBP(1HQP) ut
SEA mAA A HAYA FF e wE u
F At :

=9 £ A30f

HA HZE FAHA 2 B)o #93R] androstenol(A)
¥} 2832 androstenone(B)S] A3t JUXE Al
HIHA=36.993 kcal/mol E B=31.236 kcal/mol), B’} AR
t} ¢Hd3tej(A=5.75 kcal/mol) androstenol(A)©] andro-
stenone(B)Rt} & RHEAAE YEd FoE JSEHIS
o, o]E9 JYPBAE Fig. 201 JERAATL Fig. 3ole
& PBPY] W ¥HEEA(GOL1167)% &5 8h3-¥70
(NAG1168)°ll di3te] & o=, stearyl alcohol #2}7} ¢
A =48 EFS AAEST o2 A5 S 24
3t F 8)(OBP 2 PBP)o] tigh WA REAE(1~7)7%
HA] HAZE £248 E 9)9] DSHEH WA F3-2 Table
29] FEsgich OBP tiste] WAEAIES] HAZE £
2l Blate] £ DS HES YEE olFF e wH=E
2 2R WA EAESY 25 (logP)ol A3 ¥HEAY
254 o] 77] viEolrt. &3], (EE)-farnesyl acetone
(2) B perhydrofarnesyl acetone(7)9] DS& 22} 1054
2 10199 wi-¢- 2 ZHsEE e £, EA)
250l PBPO| wisle] 2 DS @S UehfE olf &
w3 g A0l 9443814 ¢] 77]7F OBPHEY}F PBP7F &3 A
T4 ol9e AN E FHIAY dFe] tEY] wE
° & Wokgvh E3 PBP &40 dig HA) HEE &
A= DSE WHEAdol £ androstenol(8)°] androste-
none(9)2.t}F oF7t ¥£431, OBP S-&Alo thaled= wid)
o] Aol ot R wEgEAE B0 F o]Folx]
2 @ot —DSgE JERSIT

+EHU +LHE

PBP(1GM6)2] W3 BH&-EA(GOL1167)°] Wt andro-
stenol(8) ¥Ae] =7 Al(Sung 5, 2008), androstenol &
#2] hydroxyl groupol] §AF WA F opulil F
7], Glu1213 TYR-123 Fol|A GLU-1219] carbonyl oxy-
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gen 97} androstenol #2H% hydroxyl group?] HY
b 2ol FAAgol EAEATE 1222 PRPell ¥ an-
drostenol #2}¢] =7JAJeF Zo] GLU-121 % TYR-123
AN 22 P vehie $AEAE gasia
2} 819k 1 AFEZEE Table 30l& F £&4 4, 72
REEEANA FAHE gA E-31% v ERE
(Table 1) Aubg WAEA1~7)¢ =] A28 B8
299 #4228y #¥E L83tk 53], androste-
none(9)& o FEANME F2ERE P ¥k
om, 9% wrSIANAGIIES) I E diAE ol it
7] ASN-53 H LYS779F FAATE F4shes A
YERNZITE &, Fig. 49l4%E TYR-123% phenyl 1184t
hydroxyl group®] OUA}9} androstenol ¥4+ hy- dro-
xyl group®] H 9ARtel] H24 Aoz A€ H-Z2
F(Heol; 1.e9Ayro] EA8I9iem, GLU-1219 andro-

Fig. 3. Docking pose of stearyl alcohol (7) in the two binding

=} 3= A
pockets (GOL1167 & NAG1168) of receptor PBP (1GM6). The a- s’tenol;z?}ﬂ 71 E}: L78ACILT. 3 OALEL 2=
helics were shown as helices or cylinders, while B-sheets were _O] e HE ;Zédr’ androsfinol(S) A I
shown as arrows and the loop regions as tubes. A4S Yehie dARAE stearyl alc0h01(7)°1‘§?iq.

wtebA Fig. 5% 583 PBP(IGM6)S] €)%ol $1x13 wh
SEFANAGL168)9 =7 ¥ stearyl alcohol(7)3 25A
AU ofujal ZA7|otel £AATE Hod diow
YERSITE &, stearyl alcohol T hydroxyl group®] O
A= LYS-77 F71% carboxyl groupe] aCYAtel] A%t
¥ amino group® H A=t F42F2.06A)S, LE)i
stearyl alcohol % hydroxyl group®] HYAH= ASN-53
Z¥71% carbonyl group®] ORIt TAZAF2124) %,
F& ddem FAE 219 FAAT o] FAFH ok
olefgt 27}x] Hejol oA FEA PBPIGMe)S)

RS ANAGLI68)o] =7 ¥ androstenol (8)%] 7
ok @k wd, AREel gstol( F, 2009) #A|
2N EBdz nud N-allyl-N'-(tetrahy drofuran-2-yl-
methyljoxalamide ##+2] &3] PBP(IGM6) W& 13-
A Bi%k DS 5.740|H, TYR-123 37)9} 448

Fig 4. H-bond (length; 1.73A) between androstenol (A) and TYR- Bt oLt o3 vke o) digl DSE 1.780.8 ASN-53,
123 amino acid residue (Brown: hydrophobic & Blue: hydrophi- SER-55 2 ASP-76 7|9} 3719 443t e SA5HS gt
lig) in the inner binding site (GOL1167) of receptor PBP (1GM6). skt webd EAER7 HX] HERE AL REH

HA) HZZA 2 B) BAe} FAE B2-38H] 44
& JtAoF stm, EA m-gH otulnal vk a4
AE PAste] G 71A-pEA & lghEo] AE
ofof & B, 7Fed Dsale]l Aok Rer Wojxin)
822 680709 flavomet(Acree®t Am, 2006) FollA st-
earyl alcohol(7) #2317} +-438HA androstenol(8) ®4+2] A
Aol 77k SFER AAHAT

=
AEE

gk
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