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ABSTRACT

The binding affinity constants (p(Od)so) and molecular docking scores (DS) between porcine odorant binding
proteins pOBP (1HQP) and pPBP (1GMS6) as receptor and a series of tetrahydrofuran-2-yl (A & B) analogues as
substrate, and their interactions were discussed quantitatively using three-dimensional quantitative structure-acti-
vity relationship (3D-QSAR) models. The statistical qualities of the optimized CoMFA models for pOBP were
better than those of the CoMSIA models. The binding affinity constants and DS between substrate and receptor
molecules were dependent upon steric and hydrophobic interaction. The DS constants of the substrates into the
binding site of OBP (IHQP) were bigger than those of PBP (1GM6). The resulting contour maps produced by the
optimized CoMFA model were used to identify the structural features relevant to the binding affinity in binding

site of pOBP.
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Table 1. Observed binding affinity constants (Obs.p[Odlsy) of
tetrahydrofuran- 2-yl analogues against pOBP and predicted con-
stants (Pred.p[Odls) by the optimized CoMFA model

[¢] @]
~ Cy X ¢,
O * ()OR
Y
R
(&) ®)

No. R (Sub.) Obs. Pred A%
1 1-Methyl 5.96 5.84 0.12
2 Cis-2-methyl 5.78 5.85 —0.07
3 Trans-2-methyl 5.89 5.88 0.01
4 Cis-3-methyl 6.05 6.12 —0.07
5 Trans-3-methyl 6.29 6.17 0.12
6 Cis-4-methyl 6.11 6.12 —0.01
7 Trans-4-methyl 572 5.89 -017
8 Cis-4-isopropyl 4.34 4.64 —0.30
9 Trans-4-isopropyl 4.99 4.80 0.19

10 Cis-4-tert-butyl 4.61 458 0.03

11 Trans-4-tert-butyl 4.38 4.37 0.01

12 4-Methyl 5.65 5.64 0.01

13 4-Ethyl 529 5.23 0.06

14 4-Isopropyl 497 5.00 —0.03

15 4-Tert-butyl 4.96 4.89 0.07

PRESS,” (Ave.)® 0.204 (0.085)

Notes: 2-cyclohexyloxytetrahydrofurane (A: 1~11), 2-phenoxyte-
trahydrofurane (B: 12~15), “difference of observed (Obs.p[Od]ss)
values and predicted (Pred.p[Od]s) values by optimized model in
Table 2, b)predictive residual sum of squares, “average residual.
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Fig. 1. Relationships between observed binding affinity constants
(Obs.plOdlse) to pOBP and calculated DS to pOBP(IHQP). DS=
—0.844 Obs.p[Od]ss+10.435, n=15, s=0.388, F=28.133, r*=0.684 & =
0.608.

Table 2. Summary of contribution ratio and statistical parameters of 3D-QSAR models for binding affinity constants

Contribution ratio (%) PLS Analyses
Receptors Models ) o P
S E Hy HA Grid(A) NC Co? e’ SEnc.” B
CoMFA? 44.7 129 4.5 - 2.0 2 0.856 0.969 0.124 185.499
OBP
CoMSIA - 45.1 54.9 - 15 2 0.343 0.838 0.282 30.958

Notes: Alignment; using the "align database” option of Sybyl, S; steric field, E; electrostatic field, Hy; hydropholgic field, HA; H-bond
acceptor field,, NC; number of component, dcross-validated 1°, Pnon-cross-validated 1°, “standard error estimate, Mfraction of explained

versus unexplained variance, e)op’cimizecl model.



10 &

Steric disfavor

Steric favor

Fig. 2. The steric contour maps of the optimized CoMFA model
displayed with compound 5 and the key amino acid residues in the
binding site (PRZ160) of pOBP (IHQP). Favor: 80% & disfavor: 20%.

Hydrophobic 4

favor Y16
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Fig. 3. COMFA-HINT contour maps of the CoMFA model displ-
ayed with compound 5 and the key amino acid residues in the
binding site (PRZ160) of pOBP (1HQP). Hydrophobic favor: 80%
& hydrophilic favor: 20%.
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Fig. 4. Pose of the highest docking scored (DS: 6.96) compound
(10) in binding site (PRZ160) of pOBP (1HQP). This picture was
generated with the MOLCAD program in SYBYL 8.1, with some
residues removed for clear visualization. The pOBP surface was ren-
dered with lipophilic potential.

o]zke] PRESS; 1.912, Hgk(Ave); 0.2820]%r}). 1212
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24 a9 547 i 7ou g% At 7
7+ Aesigich. £8, Fig 40l 2 7Hu]E&& Ve
7)8-8A Atol9] ApAdl st HESEALA MOL-
CAD 71¥& A&3t pOBP (1HQP)) wH&73H(PRZ160)
o) 254 8748 AASITH

]
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pOBPo] diste] #He AT AL (Obs.p[Odlso)°l
7)%8}o](Table 1) =¥ 8% CoMFA X9 (Table
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31 Al 7P AR vlenjgS vEplisied, Co-

Table 3. Calculated docking scores (DS; kcal/mol) of tetrahydro-
furan-2-yl analogues to pOBP and pPBP, and predicted DS
(Pred.) by the optimized CoMFA models

pOBP (IHQP) pPBP (1GM6)

A — A% DS  Pred A?
1 608 570 0.38 590 538 0.52
2 507 520 —013 627 568 0.59
3 606 611 —005 475 508 -033
4 500 506 ~006 491 514 -0
5 502 516 014 589 588 0.01
6 533 52 0.07 577 604 027
7 556 549 007 485 486  -001
8 658 637 021 375 334 041
9 652 628 0.24 269 273 —004

10 69% 717 —021 166 236 —070
11 660 660 0.00 15 103 0.50
12 532 530 002 553 579  —026
13 541 569 —028 369 367 0.02
14 641 647  —006 154 182  —028
15 624 621 003 113 108 0.05
PRESS 0426 1912
Ave. 0.130 0.281

Notes: 2-cyclohexyloxytetrahydrofuran (A: 1~11), 2-phenoxytetra-
hydrofuran (B: 12~15), ¥ difference of calculated DS and predic-
ted DS by optimized models in Table 4.
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0.211, n=15, s=0.122, F=364.561, 1*=0.965 ¥ q’=0.937)°. %
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ABAAE Fg 13 2o, kg fAE e A
(pOBP: DS=0.8440bs.p[Od]50+10.435, n=15, s=0.388, F=
28133, r’=0.684 ¥ q’=0.608)7} 7t} o] e wad
DS7} 255 99| 5 (log)Z HeM A H YT
Z BE Hole o= dudr]

718784 S1k 24

pOBPS] 79, 1THQP-2-isobutyl-3-methoxypyrazine
5o A TR ZHE(Massimiliano 5, 2001) &<lH
BHEH(PRZ160) W, =78 714822 10)] F2A 2
Frlgtelol DAY HH5kY CoMFA w99 AuZ, 2
719 E(%)yE JER QAT a5 BE Tan
(Fig. 2 2 3)9} 7|28AE A 02 25 A Agd] 9%
gk ohuat 715 YRR Al B3 53
o) A (Fig. 2)= =A%7] Asn863} A S ulx| e
=23 77 Phe35, Val37, Valg0, Gly116 2 Leull8 %,
6702 obw At @7)Eo] EAste] 25l 3
FAAE UEFE & F Aok 1 A, 712 3 E

=
W ohuleabate] el 2 2ot GAAR B

MZ N 2 of & |1

o &

LS | i)
35 e XL &% @0l Sk AEE B
Aok wd, A5 B3 F1%(Fig 3), CoMFA-HI-
NT mapell W2 (R)-cyclohexyl 3 phenyl”]¢] ether
A AA0) A F99o T4 A 87 (blue), 1e]
I cyclohexyl 2 phenyl”]®] FWHoll= AgA 287
(red)’t A% 1S S Aog didEAT

ZZ 2302 QSAR Y

T g g 71AEAEe] DS#(Table 3) A
2 pPBP( 1GM6)X.th pOBP (1HQP)dll tiet DS/t & 3k
S HSIh olE DS#tEd A%t =% pOBP ¥
pPBPel gk CoMFA REElEo] EA4 o8 %o i (Table
4) FdolQle}. 28y pOBPY tgh CoMSIA =g o
Z4(P=0381)0] EFFIA oL}, 484 (Fne=0.944)°] ¥
ssgdrh 2evh CoMSIA FHlol] wEw CoMFA 2d
of Blat] PG 71oulEE oy FH71 349
% 13 AFAF 387%E F EAF] vSE o
(E= Hy) 53|, H-2&A1780] 263%% Adte S4&
vehfick. pOBPol| tidt CoMFA E@e] DSell g 7]
A (%) QAT 42.6%, ARG 24.8% 1E)a A5
qAol 325%% #AS5H AFAEAAT 712 Co-
MFA E99] 79(Table 2)9} FAME o]t pPBP
o thE A$o)lE CoMFA 29 DSell thak 7]oju) &
(%)°] DA 441%, AANF 166% 2T 25AA%
39.1%% pOBPoll theh CoMFA E.9e] 7|o{H|-&7} H]%
& % 3KS> Hy>E)& WehiAch pOBP R pPBP F+ 7%
25, AAgH sl AAVdRn 2 7loues
Btk zAA % 3D-QSAR EHE9 O XHPRESS %
Ave.)9} 5 A7k(Table 3 ¥ Table 4)225E pOBPel| o
% CoMFA Edlo| pPBPell thdh CoMFA EHlHTH 435
g HA3tE Zdo|Utk

J1E-+88 4EHE

% 484 (pOBP % pPBP)l EHHE 71A A&
DS#HE Alele] #AE HEZ AF, vhg 2 (PBP(DS)=
—2.1630BP(DS)+16.706 (n=15, s=1.201, F=20.043 1°=0.607
2 =051 2L vhlE BAE JeERTh o] 25
pOBPel distel & DS#& dehli= 3hgh=-& pPBP

Table 4. Summary of contribution ratio and statistical parameters of 3D-QSAR models for DS

Contribution ratio (%) PLS Analyses
Receptors Models :
S E Hy HA Grid(A) NC e . SErev F

CoMFA? 42.6 24.8 325 - 15 2 0.584 0.930 0.181 80.294
pOBP

CoMSIA - 349 38.7 26.3 1.0 2 0.381 0.944 0.170 101.269

CoMFA? 4.1 16.6 39.1 - 2.0 2 0.796 0.963 0.381 158.317
pPBP

CoMSIA 15.7 - 38.0 46.3 25 2 0.693 0.923 0.157 71.976

Notes: Alignment; using the "align database” option of Sybyl, “optimized model.
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