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ABSTRACT

To search of a new porcine pheromonal odorants, the comparative molecular similarity indices analysis (CoMSIA)
between porcine odorant binding protein (pOBP) as receptor and ligands of green odorants 2-(cyclohexyloxy)tetra-
hydrofurane derivatives as substrate molecule were conducted and disscused quantitatively. In the optimized Co-
MSIA model (I-AI) with chirality (It Ci(R), Cx(9) in substrate molecules and atom based fit alignment (AF) of the
odorants, the statistical PLS results showed the best predictability of the binding affinities based on the LOO
cross-validated value r’,. (q*=0.856) and non cross-validated conventional coefficient (nov= 0.964). The structural
distinctions of the highest active molecules were able to understand from the interaction between pOBP and green
odorants in the contour maps with CoMSIA model.
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Fig. 1. Compound used as template for molecular alignment show-

ing: In bold face is shown the reference atoms used in multifit

alignment protocol of the SYBYL program The Ci' and C; atoms in

substrate molecules are chiral center.
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Table 1. Observed (Obs.) and predicted (Pred.) binding affinity constants (£/{Od.]s) of 2-(cyclohexyloxy)tetrahydrofuranes by the optimized

CoMSIA models with two alignments

Atom based fit Field fit
No. IUPAC name of odorants Obs.
Pred.” Dev.” Pred.” Dev.”

1 2-(1-methylcyclohexyloxy)tetrahydrofurane 5.96 5.86 0.10 5.85 0.11
2 2-( cis-2-methylcyclohexyloxyJtetrahydrofurane 578 5.81 —0.03 5.78 0.00
3 2-(trans2-methylcyclohexyloxy)tetrahydrofurane 5.89 6.00 —011 6.06 -017
4 2-(cis-3-methylcyclohexyloxy)tetrahydrofurane 6.05 6.05 0.00 6.08 —-0.03
5 2-(trans-3-methylcyclohexyloxy)tetrahydrofurane 6.29 6.27 0.02 6.25 0.04
69 2-(cis-4-methylcyclohexyloxy)tetrahydrofurane 6.11 5.46 0.65 5.45 0.66
7 2-(trans-4-methylcyclohexyloxy)tetrahydrofurane 5.72 5.46 0.26 5.45 0.27
89 2-(cis-4-isopropylcyclohexyloxy)tetrahydrofurane 4.34 491 —0.57 491 —057
9 2-(trans-4-isopropylcyclohexyloxy)tetrahydrofurane 4.99 5.08 —0.09 5.06 —-0.07
10 2-{ cis-4- tertbutylcyclohexyloxy)tetrahydrofurane 461 4.46 0.15 449 0.12
11 2-(trans-4- tert-butylcyclohexyloxy Jtetrahydrofurane 438 4.46 —0.08 449 -0.11
129 2-(4-methylphenoxy)tetrahydrofurane 5.65 557 0.08 5.53 0.12
13 2-(4-ethylphenoxy)tetrahydrofurane 5.29 542 -0.13 5.37 —0.08
14 2-(4-isopropylphenoxy)tetrahydrofurane 497 5.02 —0.05 5.04 -0.07
15 2-(4- tertbutylphenoxyl)tetrahydrofurane 496 499 —0.03 497 -0.01
Press” 0.14 0.16
Test. Ave.” 043 045

® Predicted values by the best models, I-Al and I-F1, Y difference of observed (Obs.p{Od.]50) values and predicted (Pred.p{Od.]s) values,

9 test set compound, 4 predictive residual sum of squares of the training set., *

Table 2. Statistical results of CoMSIA models” with two alignment
types and chilarity (I C1(R) & Cx(9) in substrate molecule

Fields PLS analyses

Model

S E H A Po? Poer” Sz®
A1 N 085 0964 0129
[-A2 NN 0.801 0.929 0.183
1-A3 v v 0.822 0.925 0.188
A4 S A 0.838 0.928 0.184
I-A5 S Y 0.837 0.927 0.185
I-F19 y 0857 0963 0133
I-F2 Y 0.807 0.922 0.191
I-F3 ) d 0.836 0.924 0.189
I-F4 N N 0.839 0.920 0.194
I-F5 ) NN 0.836 0.919 0.195

Abbreviation: S=steric, E=electrostatic, H=hydrophobic, A=H-bond
acceptor.,, Alignment: A; atom based fit, F: field fit, ¥ n: 12 &
number of components; 2, b cross-validated rz, 9 non-cross-vali-
dated 1%, 9 standard error estimate. © the optimized model (grid:
15A).

average residual of test set.
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Plso=0.793 Obs plse+1.106; ¢*=0.808 2 r= 0.923)F LA
o}
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I-A5 29 2 S35F AAsth dhvkshy,
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Table 3. Statistical results of CoMSIA models with two alignment types and chilarity (I ~IV) in substrate molecule

Chiralities Cr(R), Cx(S) Ci{(R), CAR Ci(8), C(R) Cr(9), C(9)
Models No. I-A7? I-F1 o-A I-F II-A II-F V-A IV-F
Fields 5 ) H S H H SHA H
Grid(A) 15 15 3.0 15 3.0 3.0 25 25
Components 2 2 2 2 2 2 2 2
o (@) 0.856 0.857 0.828 0.806 0843 0.847 0.837 0.849
Poc? 0964 0.963 0.936 0.935 0960 0.962 0.958 0.963
Seene? 0129 0133 0.173 0.175 0.138 0.128 0.140 0.132
F-value® 12200 | 11583 66.363 64.339 106.79 124.76 103.20 116.51
Steric 1000 | 1.000 - 1.000 - - 0432 -
Hydrophobic - i - 1.000 - 1.000 1.000 0.482 1.000
Acceptor - : - - - - - 0.086 -

Abbreviation: S=steric field, H=hydrophobic field, A=hydrogen bond acceptor field, ¥ The best model, ¥ cross-validated r, ® non-cross-
validated rz, 9 standard error estimate, 9 fraction of explained versus unexplained variance.
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Fig. 3. Relationships between observed binding affinity constants
(Obs.) and predicted binding affinity constants (Pred.) by CoMSIA
model I-Al. (For data set; Predpls= 0.7930bs.plst1.106, n=15, s=
0.223, F=74.997, q’=0.808 & r=0.923).

6.8 8.5

fa

Aom 243 2po|(Se=l-F1> FADE I-A1 22 o] I-F1
o] w3zl TG 53], A1 EEE FEHR
AF B8 grid 1A 270 A= 3FEUS tigoz
A~1)3 GAZH AHA7)ge] 2 EIERAAT=2,
n=11, 1’ =0.613, r’nv=0.904, Sge=0.255 = F=37.68)3} data
set(1~15)2 Ao 2 Aol 23 270 f =g
BE(FA4=3, n=15, r’0=0.692, ne=0928, Sge=0.197 %
F=47,042)°l vlsted @A 3] Fadt Rdo[rt ZF 4] ui
g oM 7P %53 Zd(A1~Ad4 D FI~FHES A8
sto] A2 Table 3014 BE 298 vlws 23, 9=
Aol I CRCHHN &AM Fr=d A1 Bdo] 71

¥5 3k dllo]gv) A1 2ol th$h attenuation factor

o



R EERRERIESE

(@)st AF8F FRhte) BAZRE(Fig 2 FX) atte-
nuation factor: a =0.3°] o FA A<l HFE 2v|s

£ A3 249 F 20]Ark A7l 249 471 28]
olfit= 3HE9 Fn)7t 120107] WiFolth 2R E &
Z8 A9 313848 39(Obs.A0d Js0) 9 CoMSIA 22 I-Al
ol oato] ArE &llZgh(Pred. AOd)s) ] #AE UEHR
(Fig. 3 %) 2 Aol SAHRE wjg- F55t7] Wil
15 o]&dtd 2 3t o] 714" 2-(cyclohexyloxy)
tetrahydrofurane -+ =AE 9 #ZZHObs.AO0d ) E oS
& 9lg Fow WIHA =3, PRESS #te] 4712
1o} field fitR U} atom based fite} 737} t ¥t <%
3& yetEh

CoMSIA S1E 24

5712 CoMSIA field 9] 7|8 Loty 9lste A
A g A5 Edlo] u2 S A% (Fig 4 F2)o 2Jstd ol
F CoMSIA field= 53} 2o] i@k =, cyclohexyl
T C LA ol e AAH R Aa(green) ZH W
floll A et blue)ys BlE X717 =9des B 2
stelo] F71E z1o2 wehE It 12 CoMFA K2
w2R(Sung 5, 2006), H< Mol A 28] Fio]

%]

A XY g3td F, 22 Fepd S dsst
A A58 (cyan) ¥ H-AF 2
5 3L%(Fig. 5 %)% cyclohexyl it
Aol aFAdol F45 I1Ya 2-
tetrahydrofuranyl 124 2bAaU2} 9] X]oll= H-Z23 A
ol ST Aol A3 WY A HAg RS
AlskaL et
01433} 7o) 2-(cyclohexyloxy)tetrahydrofurane =4
E9] A#7|(R) Wt WE 729 pOBP Atol 2§ 2
s #3 FeALS EUE A HEEAY BAE A
A A& Aoz Pdnh 2 EE vg drolMs
ligand based approach 'H(Reddy 5, 1999) 2= 2 %
ol v 714 B FAAY 28-33 848

& ol AREAY AF FA FHoE B85 AP

.
)

Positive charge

favor \
- 4

!

Sterie favor

M

N

¥
i

Fig. 4. CoMSIA contour maps with I-A5 model for the steric field
and electrostatic field (stdev*coeff) on the binding affinity between
POBP and 2-(cyclohexyloxy)tetrahydrofurane derivatives. The most
active 3-methyl substituent (5) is shown in capped sticks.
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Fig. 5. COMSIA contour maps with A5 model for the hydrophobic
field and hydrogen bond acceptor field (stdev*coeff) on the binding
affinity between pOBP and 2-(cyclohexyloxy)tetrahydrofurane deri-
vatives. The most active 3-methyl substituent (5) is shown in
capped sticks.
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