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ABSTRACT
A Quantitative Structure Activity Relationship between published
AHH i nduction data and el ectronic charge distribution, calculated
using the AML Ham ltonian is established for 2,3,7,8-TCDD, and
ten non-ortho and nono-ortho coplanar PCB congeners, |inear
regression correlation coefficient (r) = 0.9504. The
relationship of rotational barriers and Ah receptor binding for
non-ortho and nono-ortho PCBs is also investigated and

prelimnary results presented.



| NTRODUCTI ON
The evidence that toxic hal ogenated aromatic hydrocarbons exhi bit
a comon biological toxic response, related to aryl hydrocarbon
hydr oxyl ase (AHH) induction, nediated by the aryl hydrocarbon
(Ah) receptor (1), suggests that the Structure Activity
Rel ati onshi ps observed could be based on specific electronic
properties of the nolecular structures. A Quantitative Structure
Activity Relationship relating Ah binding data to parameters of
pol arizability for PCBs has previously been established (6), and
it has recently been proposed that a nore positive charge
distribution at the site of hydroxylation may facilitate the

oxi dative metabolismof PCBs (3).

The paranetric semenpirical quantum mechanical nodel AML (2)
provides a nethod capable of calculating nolecular electronic
charge distribution and enthalpies of formation for the
hal ogenated aromatic hydrocarbons w th reasonable conputational
resources. Ab initio quantum nechani cal methods, which calcul ate
nol ecul ar properties using only fundanmental physical constants,

i n conparison require much greater resources.

METHCDOL OGY
The MOPAC 5.0 program (4) was used to obtain fully energy
m ni msed structures using the AML nmethod, within the structural

constraints described below The set of PCB congeners used were



the no n-ortho and mono-ortho copl anar PCBsf or wh i ch experi nment al
data f or in vit ro AHH induction and cytosol Ah binding was
availa ble (1). 2,3,7, 8-tetrachl orodib enzo-p-di oxin ( 2,3,7, 8-
TCDD) wa si ncludedasam odel A hr eceptorb indingc onmpound. Al |
PCB st ructures we re mi nimi sed wit ht hear omati ¢ rings constrai ned
in apl anar configuration, on the assunption that coplanar PC Bs
form a planar b inding conplex with the Ah r eceptor. 3 ,3
substi tuted PCBs were mnimsed in th e anti co nformati on to

maximi se copl anari tywi th 2,3,7, 8- TCDD.

Apotentiala ctivesi te for each congener was se | ected for e ach
congener by taking t he nost positively charged c arbon atom
bearing a hydrogen s ubstituent ( Table 1) . T he v al ues of

| 0g10( EGo) fo r AHH enzyme in duction ( Rat hepatonra H4-11 E cell s
in vitro (15)) wereplotted againstac tivesite charge (q) and
i near regression analysis performed (Figure 1.). The charge
val ues de termined directl y f rom t he AM1 wavefunction were used

(calculated from the trace of thedensity matrix over all basis

orbit alsf or a specif ic atomX, i.e. O=Z-ZP, (8)) .

In order to investigate the constrai ntso n planar bindi ng of PCBs
to the Ah receptor, barri erst or otati on were investigated by
calculati ngt he heats of formaion using AM for a series of
mnimised structures where th e dihedral a ngle betwen the

aromatic ri ngs was varied fr om 0° t o 18 0°. Bi phenyl an d



2-chl oro bi phenyl (f igure2. )w ere useda s nodelc onpounds.

RESULTS
Tabl e 1.
C sit e PCB charge ¢ AHH | nd. Ah bi nd.
(e) ECo (M Ko (M
2378-tcdd -0. 1052 7.2x 104 1.0x 10¢
3,3, 44'-tetraCB 2 77 - 0. 1085 3.5x 10°¢ 4.3x 10¢
3,3, 4,4' 5-pentaCB 2 126 -0. 1063 2.4x 10 6.0x 108
3,3, 4,4, 55"'-hexaCB 2 169 -0. 1089 6.0x 108 NA
2,33',4,4" -pent aCB 6 105 -0. 1083 8.8x 108 4.3x 10°
2,3, 4,4, 5-pentaCB 6' 118 - 0. 1105 1.2x 10° 9.1x 10°
2,3,3, 4,4, 5-hexaCB 2 156 -0. 1093 2.1x 10°° 7.1x 10°°
2,33',44"'5"'-hexaCB 6' 157 -0. 1112 1.1x 10° 5.0x 10°°
2,3,4,4' 5-pentaCB 2' 114 -0. 1099 9.7x 107 4.7x 10°
2',3,4,4' 5-pentaCB 6' 123 - 0. 1095 3.9x 10°°¢ 1.4x 10°
2,3, 4,4, 55'-hexaCB 6 167 - 0. 1095 1.3x 10° 1.6x 10°

I nductionandbi ndingdatafr omreferences(l1 ,5).
Li nearr egression fitf or AHHIi nducti ononac tive sit ec harge.

Correlation Coeff.(r ) 0.9504
| 0g10o( EGso) = 1001.2 (g)+11 5.63



Li near regression fits excluding PCB 169 for

Ah binding is data not avail abl e.

AHH | nduction on q
Correlation Coeff. (r) 0.956597

| Oglo( Kb)

= 591.27(q) + 70.08

Ah Bi nding on g
Correlation Coeff. (r) 0.834939

| 0910( ECso)

= 1002. 8(q) + 1115.75

AHH | nduction on Ah bi ndi ng
Correlation Coeff. (r) 0.91172

| 0g10( EGso) = 1.3497(1 0gio( Ks)) - 1.137
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AM1 charge values vs AHH induction
1M1
10 tedd
5 oF
=
g of
: oF
x
3 bz 118
-‘I.‘I%IJE-EH -1.100E-01_ _ -1.080E-01__ -1.060E-01__ -1.040E-01
-1.110E-01  -1.090E-01 -1.070E-01  -1.050E-01
most positive site charge (&)

Figure 1.

whi ch experi nent al




Rotation of Biphenyl

50

ik /
o L A |

LA IN T
"o N

47.5

4?13 40 80 120 160
20 60 100 140 180

Dihedral Angle

Figure 2.
DIS CUSSION

The enthalpic b arriers to rotation f or b iphenyl an d
2- chl oro bip henylwe recalculatedt o beapprox. 2.1 kcalm ol -*and
7.1 kcal nol ! r especti vely (figure 2.). Previously the
rotati onal barriers for PC Bs have been esti mated in an ab in iti o
calculati on (7) us ing t he STO3G minimd G aussian b asis se t.

Values o f approx.3 .7k caimol ! and4 8.9 k cal mol-! for b ip henyl

and 2,3'-dic hlo robip henyl respecti vely were reported. The
strongest binding ofa chloroaryl hydrocarbonto t he Ah r eceptor

isKg ~ 108 M.whic ht hernodynam call yi ndicates af ree energyo f



binding AG = -10.9 kcal nol-! which nust provide the upper |imt
for any rotational barrier that will allow Ah receptor binding to
occur if a planar configuration is required, as is probable since

the other major ligands are all planar nolecules (PAHs, PCDDs,

PCDFs ). Since nono-ortho substituted PCBs have val ues of K; ~10*
to 10 M, the ab initio STO 3G rotational barrier for nono-
ortho substituted PCBs is therefore high and the AML cal cul ation

is nmore consistent with the experinmental data.

The correlation coefficient for AHH induction dependence on site

charge significantly higher than for that of Ah receptor binding

on site charge. This suggests that induction nay involve two
partially separate processes; binding and recognition of
el ectronic charge distribution. Possibly snmall differences in

charge distribution on the aromatic ring can increase the
probability, of the receptor conformationally realigning itself
into a form capable, of initiating the process of interaction
with the pronoter regions of the DNA coding for the enzymes that
are induced. The unique electron distribution about each
hydr ogen substituted carbon for selected planar constrai ned PCBs

is shown in figure 3.



Fi gure (3)

(b)



(c)

ELECTRON DENSITY MAPS (AM1) of (a) 3 ,3',4,4 -t etr aCB, (b)
2,3 4,4 5-pentaCB and (c) 3,3, 4,4, 5-pentaCB with c ontours at
0.25 intervals fromO0.75 To2 e Angstrom3®| ying in the molecular

pl aneofaco nstrained planarco nfiguration.
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