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It is proposed to use the average molecular electrostatic field, F, as a
descriptor in quantitative structure-activity relationships. F' is thought to be
proportional to the hydration ability of the molecule with large and small
values corresponding to strong and weak hydration, respectively. QSAR equa-
tions, containing F, the molecular surface and the Coulombic interaction
energy with the enzyme are derived to estimate catalytic efficiencies of various
substrates of point mutants of subtilisin and to predict inhibitory potencies
of substituted s-triazine derivatives on chicken liver dihydrofolate reductase.

INTRODUCTION

The three primary conditions for the successful binding of a ligand at the active
site of a protein are steric, electrostatic (Coulombic) and hydrophobic complemen-
tarity.! The steric fit is the most important and it can be best illustrated by the lock-
and-key analogy, even if considering the role of induced fit and protein dynamics.
Coulombic complementarity corresponds to the electrostatic matching between the
biopolymer and the ligand ensuring maximum attractive interaction. Hydrophobic
complementarity represents minimization of dehydration free energies and can be for-
mulated as the matching between regions of host and guest of similar polarity. A pos-
sibility to characterize the polarity of a certain region is the use of the electrostatic
field, F, on the corresponding van der Waals surface. Regions with a large field strong-
ly attract water molecules represented by point dipoles, while small field regions do
not attract them and are therefore considered hydrophobic. The average value of F is
considered to be proportional to the overall hydration ability of the molecule and, thus,
a candidate for substitution of the 7= hydrophobic parameter of Hansch.2

Two examples will be presented in this paper, where F is used as a descriptor for
hydration-dehydration effects governing enzyme-ligand interactions. The first deals
with catalytic efficiencies (log k..:/Ky) for a number of subtilisin double mutants vs.
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tetrapeptide substrates. The Glu-156 and/or Gly-166 side chains in the mutants while
the P, subsite in the substrate were replaced by various amino acids.® Our second ex-
ample is based on an extensive study by Hansch and coworkers on 4,6-diamino-1,2-
dihydro-2,2'-dimethyl-1-(substituted phenyl)- s-triazine inhibitors (see I for the general
formula) of chicken liver dihydrofolate reductase (DHFR).4

H?N CH

MODELS AND METHODS

In this study we do not deal with steric complementarity and consider the geometry
fit between all ligands and the corresponding enzyme crevice as perfect and not in-
fluencing binding. DHFR inhibitors of which this is clearly not true were handled
separately also by Hansch et al.* and dropped from the QSAR data set. Similarly, we
also dropped combinations of mutant subtilisin and substrate with a steric conflict be-
tween side chains and, thus, used truncated sets in both studies. Coulombic effects
were treated for subtilisin by calculating the variation of the electrostatic interaction
energy between the ligands and the enzyme but no such calculations were done for
the triazine inhibitors of DHFR.

In both cases, we focused on hydrophobic complementarity, which was quantified
using F' as the descriptor mainly responsible for the variation of the ligand-binding
power. We got F' as the average of the field vector lengths calculated on the dots of
the van der Waals surface (for amino acid side chains) or in the reference points (for
triazine derivatives). Further studies are needed to clarify whether hydration ability
is sensitive or not to the orientation of the field vector on the dots or in reference
points with respect to the molecular environment. Since we use F' as a QSAR descrip-
tor accounting for global hydration of the molecule, the problem does not seem to be
of primary importance for the time being.

While F is assumed to account for the part of the dehydration energy change that
comes from the breaking of the hydrogen bonds between solvent water molecules and
the substituent, it does not describe the effect of cavity formation, which may be ex-
pressed as a function of the molecular surface (cf. e.g. Refs. 5 and 6). This quantity
was calculated by the PCMODEL program.” Besides the overall molecular surface (S),
PCMODEL calculates saturated apolar (S,,), unsaturated apolar (S,,) and polar (S;)
contributions, as well; these quantities were also used ds descriptors. Note that S, +
Sua + S = S. Linear regression studies were done using the Drugldea program.®



MOLECULAR ELECTROSTATIC FIELD IN QSAR 131

Subtilisin Mutants

Average molecular electrostatic fields for amino-acid side chains were calculated
by using a set of atomic monopoles with charges fitted by Kollman and coworkers to
ab initio quantum chemical electrostatic potentials.” A microcomputer program was
written!® for the generation of molecular van der Waals surface points as obtained by
the Connolly algorithm.!! We calculated electrostatic fields in 200 points on the dot
surface from Coulomb’s law, considering all atomic monopoles, and averaged them to
get F' values in Table I. For the calculation of side-chain surfaces we used a space in-
crement value of 0.05 A and obtained the following values for S,,, Sy, and S (note that
Sua was zero for all side chains considered in this study). Gly: 0, 0, 0 (by definition),
Ala: 64.0, 0, 64; Asn: 46.4, 56.8, 103; Asp: 46.2, 50.5, 97; Gln: 71.5, 52.3, 124; Glu: 71.8,
48.2, 120; Ser: 49.4, 22.7, 72; Met: 134.9, 0, 135; Lys: 119.6, 24.3, 144.

Variation of the Coulombic interaction energy (Ec,y) Was calculated using a three-
dimensional model of the tetrahedral intermediate of the subtilisin-substrate complex
obtained by molecular graphics (cf. Figure 1). We docked the substrate with Lys at site
P, into the enzyme crevice (coordinates from the Protein Data Bank!?); while no ener-
gy optimization was performed, only steric conflicts were avoided. Once the P; = Lys
substrate was in place, other substrates were modeled simply by replacing Lys by Glu,
Gln or Met, the side chains considered in the study of Wells and coworkers.? Pairs of
mutant enzymes and substrates both possessing bulky side chains (Lys or Met) at the
active site and also studied by Wells et al.,* were dropped from our data set because
of steric conflicts not manageable in the present phase of investigation.

The Coulombic energy (E¢,,) was calculated as the interaction of the protein electros-
tatic potential with the monopoles representing the substrate. The former was ob-
tained using our Bond Increment (BI) method!?, the latter from CNDO semiempirical
molecular orbital calculations.!* Since the BI method calculates the electrostatic poten-
tial as a simple sum of bond contributions with no polarization effects taken into ac-
count, the variation of Ec,, could be estimated by calculating the potential generated
solely by the variable side chains and neglecting the protein environment which con-
tributes to the overall value by a constant. We considered side chains Asp, Glu and
Lys as ionized bearing -1, -1 and +1 electron unit charges, respectively.

TABLE 1

Electrostatic fields averaged on the van der Waals surface of amino-acid side chains (V/nm)

side chain F side chain I side chain F

charged polar apolar

Asp- 26.7 Asn 12.7 Met 5.6

Glu- 22.8 Ser 11.8 Tyr 5.0

Lys* 18.1 Arg(neutral) 11.8 Trp 4.4

Argt 15.8 Gln 10.9 Ala 1.3
Cys 10.2 Val 1.3
Thr 9.7 Leu 1.3
His 9.0 Ile 152
Lys(neutral) 7.3 Phe 0.6

Gly 0.0
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Triazine Inhibitors of DHFR

Hansch et al.* treated 114 different s-triazine derivatives in their QSAR equation
where they used the hydrophobic parameter, obtained from group contributions, and
the Hammett constant as descriptors. They found 12 outliers not obeying their equa-
tion, for which they gave reasonable steric or other explanation. We dropped these and
six further derivatives [3-Br, 4-Br, 3-1, 4-1, 3—-CH,SeC¢Hj, and 4-CSi(CHj3);3] for which
we could not calculate F' within our approximation. Since the hydrogen substituent was
considered as a reference, it was also dropped from the data set. We derived multiple
linear regression equations for the remaining 95 congeners.

Since electrostatic potential derived atomic charges were not available for this class
of molecules, we adapted another methodology for the calculation of F values. Based on
the BI method!3, we determined fields in certain reference points around substituent X.
These are located along the AH bond (A=C,N,0) and hypothetical lone-pair directions at
a distance from the van der Waals radius.!> We postulate that AH bonds and lone pairs
are fully transferable i.e. the value of F in a certain reference point depends only on the
adjacent bond type and is independent of the other bonds in the molecule. The trans-
ferable bond increments of the molecular electrostatic field are displayed in Table II.

<L

Figure 1. Geometric model of the tetrahedral intermediate of the subtilisin-substrate complex.
Variable side chains are indicated by heavy lines.
TABLE II

Electrostatic field increments (Fi in V/nm;
for calculation see text), Ip denotes lone pair

bond type Fi bond type Fi

C(sp? or sp®)H 11.6 O(sp®) lone pair 25.6
N(sp? or sp3)H 17.5 S(sp?) lone pair 15.5
O(sp®)H 22.4 S(sp®) lone pair 12.9
N(sp) lone pair 43.9 F(sp®) lone pair 16.9
N(sp®) lone pair 33.9 Cl(sp®) lone pair 1153

O(sp?) lone pair 31.6 phenyl correction -4.6
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We calculated F for the substituent by averaging increments over the whole moiety,
considering one reference point per each AH bond or N atom, two per each O or S
atom and three per each F or Cl atom, respectively. A correction was introduced for
substituents containing the phenyl substituent. Molecular surfaces were calculated
keeping the 4,6-diamino-1,2-dihydro-2,2'-dimethyl-1-phenyl-s-triazine fragment in a
fixed orientation, optimizing substituent geometries in vacuo and using a spacing in-
crement value of 0.25 A.

RESULTS AND DISCUSSION

Subtilisin Mutants

In a previous paper!® we proposed the following equation for the determination
of specificities and Michaelis constants of subtilisin mutants vs. tetrapeptide substrates

log X = a.F(E) + b.F(S) + c.qFY*@E).F'*S) + d (1)

where X = k.,/Ky or 1/Ky, E and S refer to the enzyme side chains mutated and the
substrate P, subsite, respectively. F(E) was obtained as an arithmetic mean between average
fields of Table I for the side chains in position 156 and 166. Purely heuristically we put
g = -1 if both E and S are oppositely charged and g = +1 otherwise. Eq. (1) gives
good correlation both for subtilisin double mutants treated in this study and trypsin
Asp-189 mutants not used in the derivation of its analytical form. With regression
parameters fitted separately to various sets of experimental log k.../Ky and log 1/Ky
values the following correlation coefficients and standard errors were obtained (num-
ber of data points in parentheses): subtilisin k./Kyu 0.964, 0.35 (47); subtilisin 1/Ky
0.908, 0.31 (47); trypsin ke.e/Ky 0.993, 0.29 (7); trypsin 1/Ky 0.910, 0.23 (7).

In Eq. (1) the first two terms were taken to account for dehydration effects while
the product term with the square root of F' may stand for some approximate interac-
tion energy between enzyme and substrate.!'® In order to refine our model, we con-
sidered the Coulombic interaction energy (Ec,,) in place of the above product term
(see above). Using this term alone is insufficient for the description of mutation ef-
fects; only the changes due to charged side chains could be accounted for (cf. Table
IIT and Figure 2).

In order to refine our regression equation, we considered F values and molecular
surfaces for side chains, as well. Performing a stepwise regression analysis, we found
the following equation as best reproducing specifities

log kcat/Km = — 0.0318(%0.0103)F(156) — 0.0337(+0.0059)F(166) —
- 0.1649(x0.0120)F(P1) - 0.0322(%0.0049)S..(P1) -
—0.0031(%0.0004)E¢oy + 11.33 (2)

n=47 r=0.957 s=0.41 F=90.3

F(156), F(166) and F(P1) stand for average side-chain fields in the corresponding
protein and substrate position. This equation is only slightly worse than Eq. (1) for
which r and s are 0.964 and 0.35, respectively, but it is based on a much firmer theoretical
basis. The calculated values are given in Table III and plotted in Figure 3.
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TABLE II1

Coulombic interaction energies (kcal/mol, upper row), by Eq. (2) estimated (middle row) and
experimental (lower row) logK.q; / Ky values for Glu/X—156, Gly/Y—166 subtilisin double
mutants acting on Ala—Z—Ala—Ala tetrapeptide substrates. X, Y and Z
mean variable amino acid side chains

mutant substrate
X-Y Z=Glu Z=GIn Z=Met Z=Lys
398 -19 1 -441
Glu-Asp - 3.36 4.43 4.25
- 3.02 3.81 4.21
482 -32 i} -553
Glu-Glu - 3.53 4.56 4.72
- 3.06 3.86 4.48
188 -9 -180
Glu-Asn 1:22 3.80 4.90 3.92
1.62 3.85 5.02 4.25
244 -19 11 -268
Glu-Gln 151! 3.89 4.97 4.25
1.20 4.36 5.54 4.10
171 -5 0 -200
Gln-Asp 1.18 3.69 4.81 3.89
1.30 3.40 5.03 4.41
202 -9 0 -245
Ser-Asp 1.06 3.67 4.78 4.00
1.23 3.41 4.67 4.24
228 -16 1 -239
Glu-Met 1.34 4.06 - -
1.20 3.89 5.64 4.70
204 -11 1 -204
Glu-Ala - 4.19 5.29 4.38
- 4.34 5.65 4.90
204 -11 1 -204
Glu-Gly 1.60 4.23 5.33 4.42
1.54 3.95 6.15 4.60
26 -3 0 -28
Gln-Gly 2.53 4.58 5:27:]: 4.26
2.79 4.71 5.48 3.03
7t -1 0 -8
Ser-Gly 2.55 4.55 5.69 4.17
2.59 4.38 5.77 3.37
17 -1 0 -17
Gln-Asn 212 4.15 5.28 3.80
2.04 4.51 5.95 3.75
18 0 0 -25
Ser-Asn 2.09 4.12 5.26 3.80
1.91 4.57 5.72 3.68

It is interesting to notice that the coefficients of enzyme side chain fields, F(156)
and F(166) are only 20% that of F(P1), which indicates their reduced importance in
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Figure 2. Plot of log kea/Km vs. Ecou for subtilisin double mutants.
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Figure 3. Plot of experimental vs. from Eq. (2) calculated log ke/Ky values for subtilisin double
mutants.

determining log ke/Kym. Indeed, if we drop these descriptors from Eq. (2), we get the
following one with only slightly worse statistical parameters.

log keyt/Km = — 0.1519(+0.0160)F(P1) — 0.0173(%0.0055)S,,(P1) —
- 0.0027(x0.0006)E,, + 8.33 3

n=47 r=0.915 s=0.55 FF=73.8

A straightforward explanation of the adequacy of Eq. (3) is that enzyme side
chains in the specifity pocket are not hydrated before associating with the substrate.
Therefore, their dehydration, supposedly accounted for by F(156) and F(166), does not
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TABLE IV

Experimental and calculated [from Eq. (6)] inhibitor potencies of diamino-triazine inhibitors

i pKi pKi F Ssa S

Mo e nu exp cle  Viom AA'R AA I

1 3-SO.NH» BB b9 Fn b oo 6

2 4-SO;NH- %0 B - 7l lnio= asn 6

3 4.SO»CHs 535 G574 230 1339 5 29 7

i 5 contl 50n 5O J6d - usb = o 5

5 4 CONHz 495 bAT oha Tavat oo 5

6 3-COCHs Bbe 60k 198 el = ns 6

7  4-COCHs 5B 606 0f  1ihn T oo 6

8 3.0H Erl CoEl s e o 2

R 90 bED adn g ong 2
10 3CFs T 599, W9 i 968 4
T £07%: 6. 3 694 169 170 - 9ed 4
19 N EET oW aa 1051 ok 3
13 8F 646 - @633 169 i3 g% 1
4 AF 68D 56,33 . 189 - 1287 . ..284 1
b e 735 G699 dih G956 4y T
16 A g8 w0 e ans b 1
5 a5l 703~ B9 — 413 —-1b%a 261 2
18 3-CHs ToR: ot e b oM 4
19 %O O g a e T 4
20  3-CH,CHs 700 - 68 WG inh oo 7
91 " 4 (GH.)CH: B8 681 16 Do A 13
922 3,4-(CHz)s w4 &8s 16 1140 : um 12
93 3.(CHz)5CHs Wi 674 T8 9o a6l 19
24 3-(CHz)sCHs GE8 680 16 9= 4 28
95  4-(CHz)sCHs BAl. G670 Hi6  osRE . ang 28
26  3-(CHz)11CH;3 638 6Bl s 1B 230N @ g 37
27 3-C(CHa)s 675 685 =116 -~ 1Tia. 9% 13
28 4-C(CHa)s B o BEs - AR TsEs T oy 13
99 3-OCH; Gl BE - 5 1T D 5
30  4-OCHs GA8 631 . M) Tas - 97 5
31 3-OCHs,4-OCH; 601. 691 179 o 9me 10
32 3 OCH,CHj 68l % 156 b3 75 8
33 3-0(CHz)2CHs Beps o6ES . 4T 1n oo 11
34  4-O(CH2)sCHs Ee 55 7 s o0 1
35 3 O(CH)sCHs G0 & bt s o 14
36 3-O(CH2):CHs 628 ' 650 13.8  ©2292 845 17
37 3-O(CHa)sCHj B40. - 6B5L 0% o s 96 20
38  4-O(CHz)sCHs G 66T b 9k D 20
39 3 O(CH2)sCHs BE5.  64E 99 whhr o Ao 29
40  3-O(CHz)10CHs BiBET SegAZ W 7 1ok alant s, 46D 35
41  4-O(CHz)10CHs 803 BB BT SRS e 35
42 3-O(CHz)1:CHs G388 GAR: 196 3000 AT 38
13 £.0CH) GE0: - 6A5 S 16 ol o dED . an
44  3-O(CHz)12CHs Bas  Dgaariulmie = $800° 2 b04 41
45  3-O(CHz)13CHs 660 . BaEUC UES 8070 632 44
46  4-O(CH3)20CsHs-4'-NHz 676 703 > 130 - 1B6Y - 367 21
47 3-OCH»CsHs B03s - wlan - A0 T o hjo 340 15
48  4-OCH2CsHs es v ] 150 15
49  3-OCH2)20CsHs RYe - nds s a Imss wm 19
50  3-O(CHz)20CsH4-3'-CHs B0 o ih 0 22
51  3-O(CHz):OCsHs nhe - qas HEg . gian. - 1e 25

52 3-O(CH2)40CeH4-3'-CF3 7.54 7.03 10.8 260.6 445 28
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TABLE IV (continued)

5 K; K; F Saa S
No Substituent gxp galc V/nm AA AA. ¥
53  3-OCH:2CgH3-3'-4'-Cl2 6.78 7.36 9.0 198.5 372 16
54  4-OCH2CgH3-3'-4'-Cl2 T14 7.40 9.0 190.9 372 16
55 ~ 3-OCH2CsH4-4'-CONH2 705 6.92 14.9 150.3 377 19
56  4-OCH2CsH4-4'-CONH2 7.30 6.98 14.9 136.9 373 19
57  4-OCH2CsH4-4'-SO2NH3 7.49 6.85 16.5 140.1 398 20
58  4-OCH2C¢H4-4'-CH20H 7.35 712 12.1 169.4 367 19
59  3-CH20—-CesHi1 7.19 6.52 13.5 238.5 356 21
60  3-CH2NHCsH3-3',5'-(CONH2)2 6.98 6.77 17.4 137.8 401 24
61  3-CH2NHCsHs-4'-SO2NH2 7.18 6.83 16.5 147.3 402 21
62 3-CH20CgHs 71528 7:35 10.1 157-3 344 15
63  3-CH20CgH4-3'-Cl 7.18 1356 9.6 180.2 359 15
64  3-CH20CgH4-3'-CN 7.59 7.04 131 161.3 366 16
65  3-CH20CgH4-3'-OCH3 7.29 .12 1153 191.3 375 19
66  3-CH20CgH4-3'-CH20H 7.10 7.10 221 183.0 385 19
67  3-CH20CgH4-3'-CH3 7.14 731 9.5 189.9 365 18
68  3-CH20CsH4-3'-CH2CH3 7327, 731 9.2 205.9 379 21
69  3-CH20CsH4-3'-CH(CH3)2 7.47 7=31: 8.9 221.7 393 24
70  3-CH20CgH4-3'-C(CH3)3 7.24 7.29 8.6 236.9 404 27,
71  3-CH20CgH4-3'-CgHs 6.79 7.50 959 177.0 386 25
72  3-CH20CsH4-3'-NHCOCH3 7.64 6.91 13.4 183.6 376 22
73  3-CH20CgH4-3'-NHCONH 7.46 6.81 15:7 143.3 364 21
74  3-CH20CgH4-3'-NHCSNH; 1:22 712 13.5 143.7 375 21
75  3-CH20CgH4-4'-(CH2)4CH3 671 7.2 8.5 255.0 422 30
76  3-CH20-2-naphtyl 7.50 751 9.5 161.5 393 21
77  3-CH20-1-naphtyl 715 7.46 9:5 163.8 363 2]
78  3-CH2SCeHs 7.47 7.63 6.5 186.2 343 15
79  4-CH2SCgHs 8.17 7.70 6.5 174.0 343 15
80 3-CH2SCgH4-3'-CH3 7.70 7.62 6.6 193.8 358 18
81 4-CH2SCeHs4-3'-CH3 7.40 7.68 6.6 193.0 372 18
82  4-CH2SCeHs4-2'-CH3 =37, 7.563 6.6 205.7 351 18
83  3-SCH2Ce¢Hs 7.52 7.79 6:5 164.7 354 15
84  4-SCH2CsHs A-1a): T3 6.5 174.4 354 15
85  3-SCH2CsH4-4'-Cl 7.55 T:42 6.5 185.1 368 15
86  4-SCH2CsH4-4'-Cl 713 T2 6.5 189.2 373 15
87  3-Cl,4-OCH2CsH4CON(CH3)2 7.01 6.84 13.3 230.6 430 26
88  3-SO2NHg2,4-Cl 5.66 5.88 22:9 113.8 302 7
89  3-NH2,4-CH2CH3 6.50 6.49 15.9 142.2 276 10
90  3-CH2SCgHs-4'-Cl 7.58 T2 6.5 185.4 269 16
91  3-Cl,4-SCH2CgHs 7.40 7.64 16.0 188.5 351 16
92  3-Cl,4-CH2SCgHs 7.33 7.66 16.0 181.9 346 16
93  3-CL4-0O(CHz2)sCHs3 6.46 6.45 30.0 313.9 432 30
94  3-Cl,4-C4Hs-CeH3-2'-Cl,4'-SO2F 7.55 7.18 27.0 240.4 459 27

play an important (or any) role in substrate binding. This is understandable since no
water molecules are seen in the pocket of substrate-free subtilisin by X-ray crystal-
lography.!?

Triazine Inhibitors of DHFR

Hansch and coworkers derived the following regression equation for the estima-
tion of pK; values of substituted triazine derivatives (cf. Formula I)
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pK; = 0.85(%£0.08)7 — 1.04(%0.14) log(b-10" + 1) + 0.57(x0.49)0 + 6.36 (4)
n=101 r=0910 s =0.29

where 7 is the sum of group hydrophobicity constants, b is a disposable parameter and
o is the Hammett constant. In a previous publication!’, we proposed using the average
substituent electrostatic field as calculated from bond increments of Table II in a
regression equation together with some other variables

PK; = — 0.090(x0.010)F + 0.129(x0.034)N + 0.884(+0.184)I —
- 0.010(%£0.006)V + 7.88 (5)

n=107 r=074 s=056 F =358

where N = N(Y)-N(XH) is the difference of the number of potential acceptor and
donor atoms in a hydrogen bond with Y=uprotonated N, O, S, F, or Cl and X=N or
0. I is an indicator variable with a value of 1 for substituents with a hydrogen-bonding
ability and appropriately oriented in the binding pocket of DHFR. V is the number of
substituent atoms supposed to be proportional to the molecular surface.

Descriptors N, I and V in Eq. (5) do not have very much physical meaning; they
have to be considered as purely heuristic, empirical quantities. Instead, we derived
regression equations similar to Eq. (2) with the only difference that E¢,, was not con-
sidered. Having 95 pK; values in the data set, all possible forms of regression equa-
tions with F, Sy, Su. S, and S as descriptors failed to reproduce the activity of the
3-NO, derivative; it was underestimated by about 2 pK; units. A possible explanation
for this is similar to that given by Hansch et al.* for the 3-CN congener. It is straightfor-
ward to suppose that, like the cyano group, the nitro substituent also interacts with
a water molecule bound to the enzyme and does not show up at the present resolution
of crystallography. This interaction might enhance the binding power by ensuring a
better electrostatic fit between DHFR and the inhibitor. In the following regression
equations, we dropped the 3-NO; substituent from the data set and reduced it to 94

derivatives. Through stepwise regression analysis, we selected the following QSAR
equation

pK; = -0.1222(=0.0082)F; — 0.0057(%0.0010)S;, +
+ 0.0035(x£0.0010)S + 8.27 (6)

n=94 r=0872 s=035 F=952

which again provides only slightly worse statistical parameters than Eq. (4) by Hansch
et al.* Comparison of the calculated and experimental pK; values is seen in Figure 4.
The advantage of Eq. (6) over Eq. (4) seems to be that F can be estimated easily for
a great number of derivatives and its approximate calculation based on Table II can
be considerably refined. Work in this direction is in progress.

It has to be noticed that the standard error of the regression parameter of o in
Eq. (4) is quite large. Therefore, this term, considered to account for the interaction
between the inhibitor molecules and the protein i.e. replacing Ec,y, can be easily dropped
from the descriptors without significantly reducing the predictive power of the regres-
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Figure 4. Plot of experimental vs. from Eq. (6) calculated pK; values of substituted diamino-
triazine derivatives on chicken liver DHFR.

sion equation. This justifies a posteriori why we did not consider this quantity in Eq.
(6) and yet got a fair correlation. If descriptor S is dropped from the regression equation,

its significance does not get strongly reduced and we get an expression analogous to
Eq. (2).

pK; = —0.1294(+0.0085)F — 0.0030(x0.0007)S,, + 9.07 (7
n=94 r=081 s=038 F=1194

As mentioned above, V in Eq. (5) might be proportional to the molecular surface,
S, or one of its components, S;,. Indeed, this is the case and we obtain the following
equations:

S = 6.623(x0.181)V + 236.9 (8
n=94 r=097 s=173 F = 1344

Sga = 5.692(£0.341)V + 94.3 9
n=94 r=0867 s=2326 F=2789

Accordingly, the use of V in Eq. (5) is justified by the present study.
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SAZETAK
Primjena prosjeénoga elektrostatskog polja molekule u QSAR
Tibor Balogh i Gdbor Ndray-Szabé

PredlozZena je uporaba prosjecnoga elektrostatskog polja molekule, F' (za koje se uzima da
je proporcionalno moguénosti hidratacije molekule) kao deskriptora pri prou¢avanju kvantitativ-
nih odnosa strukture i aktivnosti (QSAR). Izvedene su QSAR-jednadzbe kojima se, s pomocu de-
skriptora F, molekulske povrsine i energije Coulombskog medudjelovanja molekule i enzima,
moZe procijeniti kataliti¢cka efikasnost raznih supstrata to¢kastih mutanata subtilizina i pred-
vidjeti inhibitorska svojstva s-triazina prema dihidrofolat-reduktazi iz pilece jetre.
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