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Abstract: Endothelin-1 analogs replaced by various amino acids at position 20 ([X*-ET-1) were
synthesized and evaluated for the ET, and ET,, receptor binding activities. In order to obtain the structural
requirements for the ET, and ET,; receptor binding activities, the quantitative structure-activity
relationships(QSAR) of sixteen analogs was investigated by the PLS method.

Endothelin-1{(ET-1) is a 21-amino acid peptide with two intramolecular disulfide linkages and
provides a potent constriction of various smooth muscles. Since the isolation of ET-1 from the cultured
porcine endothelial aortic cells', it has attracted a great interest of many groups for clinical purposes.
Several ET-1 analogs and linear or monocyclic fragment analogs have been synthesized and tested for
their biological activities. The importance of C-terminal amino acid(Trp) as well as the loop structure
linked by the disulfide bonds in ET-1 molecule has been reported”. In addition, Aramori et al.* have found
that a tripeptide (FR 139317) ia an ET, selective antagomst.

Recently two endothelin receptor subtypes(ET, and ETy) have been identified and characterized’.
These distributions and physiological roles in many species are different from each other. ET, receptor is
mainly distributed in peripheral tissues and its action is believed to mediate vasoconstriction. ETy receptor
is found predominantly in the central nervous system and endothelial cells. It is suggested that ET,
receptor controls vasodilation via a relaxing factor.

‘We have aimed at developing the specific antagonists for both ET, and ET;, receptors. ET-1 analogs
replaced by various amino acids at position 21((X*}-ET-1) or 20([X*]-ET-1) were synthesized and their
receptor binding activities were tested®’. In order to obtain the structural requirements for the ET, and
ET, receptor binding activities, we have performed a quantitative structure-activity relationships(QSAR)
analysis of [X*°]-ET-1 analogs using the PLS(partial least squares) method.

Sixteen ET-1 analogs([Xm]-EI‘-l) with the binding activities for ET, and ET, receptors were used
for this QSAR study(Due to the global conformation change of proline and D-proline analogs they were
deleted from a data set’). The receptor binding activity was expressed as a logarithm of the reciprocal of
1C,, value. IC,; is a millimolar concentration of an analog required to produce 50% inhibition. The
chemical structures and receptor binding activities are listed in Table 1. In this study thoracic aortic and rat
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Table 1. Physico-chemical parameters and receptor binding activities of ET-1
analogs ([X*"]-ET-1).

No. X T MR L Wi Wy Wg o log(1/1Csp)
ETa ETR
1 1le(ET-1) 2.04 19.59 3.75 327 513 1.42 -0.21 8983 1007
2 Phgd 1.86 25.35 406 4.24 495 1.48 0860 8.8 9.76

3 Chgb 2.51 26.69 573 3.20 5.18 1.46 -0.26 9.88 10.01
4 D-val 1.53 14.96 446 3.28 142 264 -019 9.00 9.05
5 Ala 056 565 3.59 2,29 264 1.42 0.00 7.53 9240
8 D-Nval 1.55 1496 552 3.51 146 3.83 -0.12 7.60 10.00
7 D-Leu 2.00 19.59 5587 3.24 143 393 -0.13 7.97 984
8 D-Phg 1.98 2535 4.06 424 148 485 0860 6.85 8.60
g Tmp 2.68 41.09 819 3.06 3.94 142 023 871 8.77
16 D-His 0.29 243580 6.86 3.13 142 264 023 6.13 7.55
11 D-Phe 2.01 3001 7.86 3.31 142 317 0.23 6.07 8.60
12 D-Ala 056 565 3.59 229 142 264 Q00 577 7.96
13 D-GIn -1.22 19.58 492 3.48 1.42 483 003 527 5.59
14 D-DeaC 261 24.24 4.00 455 1.89 460 -0.23 8.06 9.78
15 D-ile 2.04 1859 3.75 3.27 1.42 513 -0.21 759 940
16 D-Chg 251 26.69 573 3.20 1.46 5.18 -0.26 7.04 9.68

8 phenyl glycine PCyclohexy! glycime  CDiethyl alanine

brain membrane fraction were used as ET, and ET}, receptors, respectively.

The structural descriptors are seven physico-chemical parameters; hydrophobic substituent constant
x, molar refractivity MR, Iwamura parameters(l.,Wl,Wu,Wd) and Taft inductive constant o* of an amino
acid ressdue at position 20. The = and MR values were estimated by the empirical model with an additive
rule®. The o* value was referred from the Hansch-Leo table®. The Iwamura parameters® were calculated
by setting the amino acids in three dimensional space shown 1t Figure 1. This coordinate system can
easily differentiate the L configuration from D configuration of the amino acid residue. The three
dimensional coordinate of the amino acid was denved from the amino acid library in Chem-X'"° .

Y Y

Figure 1. Definition of Iwamura parameters(L,WI,Wu,Wd)

The PLS method was employed to obtan the structural requirements for the receptor binding
activities. PLS is a novel multivariate statstical method based on latent vanables''”. A dependent
vanable y 1s expressed by the linear combination of latent vanables t and independent variables X 1s
decomposed into principal component-like model.

y =2tq+f X=Ztp+E
where q 1s a coefficient and p 1s a loadings for y and X, respectively.

The PLS model equation )} 1s converted mnto a multiple linear regression-like model(MLR-like

maodel} in terms of independent vanables X.
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y =xW(PW)'q
where W, P and q are a PLS weight matrix, loading matrix and coefficient vector, respectively. The
number of PLS components A is determined by the leave-one-out cross-validation procedure™ to derive
the predictive model.

In this QSAR study the resulting PLS model equations were compared with each other to make clear
the selectivity of analogs for two types of receptor. PLS analysis was carried out using the Unscrambler
software package on IBM PS/2 microcomputer™.

The binding activity for ET, receptor was first studied. The activity and seven physico-chemical
parameters were autoscaled to unit variance. A two-component(A=2) PLS model was obtained.
Converting the PL.S model to the MLR-like model, the following equation was obtained

log(1/1C50) = 0.506%-0.017MR-0.291L+0.460W1+0.384Wu-0.229Wd-1.5960* +6.865 H

n=16, A=2, r=0913, r,,=0.787, s=0615
where 1 and r_, are conventional correlation coefficient and predictive one, respectively. rm: is an
important measure of predictive ability of PLS model and is defined by the following equation.
rmdz =1- E(Yob:'ymd)zfz(yob. ~ Vo)

WHETE ¥ 1 0s Vprea @00 Voo, @r€ Observed, leave-one predicted and mean activity values, respectively. The
binding activity for ET, receptor were next studied. Similaly a four-component(A=4) PLS model was
obtained and transformed into the MLLR-like equation.

log(1/1C50) = 1.138r-0.039MR-0.033L-0.068 W1+0.023Wu-0. 169Wd-0.2880*+8.972 2)

n=16, A=4, r=0.946, Lea™ 0.853, 5=0.454

The loadings for ETA and TEB activities are shown in Table 2.

Table 2. The PLS loadings of independent variables for ET, and ET, activities

Descriptor ET, ET.
B Pa B 2.8 P Pa
n 0.524 -0.106 0.691 0.109 0.588 -0.160
MR 0.145 -0.566 0400  -0.601 0.286 -0.373
L -0.168 -0.609 0.112  -0.557 0.403 -0.086
Wi 0.134 0.010 0.193 -0.213 0.213 -0.527
Wu 0705 -0.252 0.580 -0.215 -0.687 0.284
Wwd -0.468 0.323 -0.335 0.202 0.451 -0.710
o* -0.160  -0.467 -0.120 -0.605 0.478 0.268

The established MLR-like equations(eq.1 and eq.2) are fair with better predictive capability and it
is meaningful to interpret these equations for the design of the other potent ET-1 antagonists. Examining
the regression coefficients of eq.(1) indicates the strong importance of Taft inductive constant o* of the
amino acid residue at position 20 for the ET, receptor binding activity. The coefficient for MR is low
indicating that steric/bulk is not an important descriptor for activity. However, molecular shape
(L.WL,Wu,Wd) is important for ET, activity. Increasing the ability for electron donating and
hydrophobicity of the amino acid residue taking into consideration of its molecular shape is expected to
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produce the potent ET-1 antagonists for ET, receptor.

On the other hand, the regression coefficients of eq.(2) suggests that the hydrophobicity x of the
amino acid residue is very important for the ET, receptor binding activity but a specific molecular
shape(L,W1,Wu,Wd) of the amino acid residue at position 20 is not so important for the ET,, receptor
binding activity. Increasing the ability for electron donating and the hydrophobicity of the amino acid
residue is expected to produce the potent ET-1 analogs for intubiting ET,, receptor.

Hibert et al.* have proposed a three dimensional model of ET, receptor taking bacteriorhodopsin as
a template using a molecular modeling software. Their model of ET, receptor corresponds to the result of
the first QSAR model(eq.1) and this correspondence implicitly validates the QSAR analysis in this study:
The amino acid residue(lle) at position 20 of ET-1 is near Trp613 of ET, receptor and increasing
hydrophobicity of the amino acid residue at position 20 of ET-1 makes the residue interact with Trp613
favorably and produces high receptor binding activity.
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