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ABSTRACT

A Quantitative Structure Activity Relationship between published

AHH induction data and electronic charge distribution, calculated

using the AM1 Hamiltonian is established for 2,3,7,8-TCDD, and

ten non-ortho and mono-ortho coplanar PCB congeners, linear

regression correlation coefficient (r) = 0.9504.  The

relationship of rotational barriers and Ah receptor binding for

non-ortho and mono-ortho PCBs is also investigated and

preliminary results presented.



INTRODUCTION

The evidence that toxic halogenated aromatic hydrocarbons exhibit

a common biological toxic response, related to aryl hydrocarbon

hydroxylase (AHH) induction, mediated by the aryl hydrocarbon

(Ah) receptor (1), suggests that the Structure Activity

Relationships observed could be based on specific electronic

properties of the molecular structures.  A Quantitative Structure

Activity Relationship relating Ah binding data to parameters of

polarizability for PCBs has previously been established (6), and

it has recently been proposed that a more positive charge

distribution at the site of hydroxylation may facilitate the

oxidative metabolism of PCBs (3).

The parametric semiempirical quantum mechanical model AM1 (2)

provides a method capable of calculating molecular electronic

charge distribution and enthalpies of formation for the

halogenated aromatic hydrocarbons with reasonable computational

resources.  Ab initio quantum mechanical methods, which calculate

molecular properties using only fundamental physical constants,

in comparison require much greater resources.

METHODOLOGY

The MOPAC 5.0 program (4) was used to obtain fully energy

minimised structures using the AM1 method, within the structural

constraints described below.  The set of PCB congeners used were



t he no n-o r t ho and m ono- or t ho copl anar PCBs f or wh i ch exper i ment al

dat a f or in v it r o A HH i nduct i on and cy t osol Ah b i ndi ng w as

avai la ble ( 1) .  2 ,3 , 7, 8- t et r achl oro dib enzo- p-d i oxin ( 2, 3,7 , 8-

TCDD) wa s i nc l uded a s a m odel A h r ecept or b i ndi ng c ompound.  Al l

PCB st r uc t ur es we r e mi nim i sed wit h t he ar omati c r i ngs const r ai ned

i n a pl anar conf ig ura t i on, on t he assumpt i on th at copla nar PC Bs

f or m a  pl anar b i ndi ng compl ex w i th t he Ah r ecepto r .  3 , 3'

substi t ut ed PCBs wer e mi ni mi sed in th e anti co nf ormati on to

maxim i se copl anari t y wi t h 2, 3,7 , 8- TCDD.  

A po t ent i al a ct i ve si t e f or each congener was se l ec t ed f or e ach

congener b y t aki ng t he mos t posi t iv ely charg ed c ar bon ato m

bear in g a  hydro gen s ubst i tu ent ( Tabl e 1 .) .  T he v al ues of

l og10( EC50) fo r AHH enzyme in duc t i on ( Rat hepat oma H- 4- I I E cell s

i n vi tr o ( 1,5 ) ) wer e p l ot te d agai nst ac t i ve s i t e char ge ( q) and

l i near r egr essi on a nal ysi s p erf or med ( Fi gur e 1. ).  The char ge

val ues de t er mined d i re ctl y f ro m t he AM1 w avef unc t io n w er e used

( cal cu l at ed f ro m t he t ra ce of t he de nsi t y mat r i x over al l basi s

or bit als f or a specif i c at om X, i .e .  qX=ZX-
� �

XP
� �

   ( 8)) .

I n or der t o i nves t ig at e t he const r ai nts o n pl anar bi ndi ng of PCBs

t o th e Ah r ecept or , bar ri er s t o r ot ati on w ere i nvest ig ate d by

cal cul ati ng t he h eat s o f fo r mat i on u sin g AM1 fo r a s er i es of

mi ni mised s t ru ct ure s w her e th e d ih edr al a ngl e b et ween t he

ar omat i c ri ngs w as v ari ed fr om 0º t o 18 0º .  Bi phenyl an d



2- chl oro bi phenyl (f i gure 2. ) w er e used a s model c ompounds .  

RESULTS

Tabl e 1.  

C- sit e PCB  char ge q AHH I nd. Ah bi nd.
 

( e) EC50 ( M) Kb ( M)

2378- t cdd - 0. 1052 7. 2 x 10- 11 1. 0 x 10- 8

3, 3', 4,4 ' - t et r aCB 2  77 - 0. 1085 3. 5 x 10- 8 4. 3 x 10- 8

3, 3', 4, 4', 5- pent aCB 2 126 - 0. 1063 2. 4 x 10- 10 6. 0 x 10- 8

3, 3', 4, 4', 5,5 ' - hexaCB 2 169 - 0. 1089 6. 0 x 10- 8        NA

2, 3,3 ' , 4,4 ' - pent aCB 6 105 - 0. 1083 8. 8 x 10- 8 4. 3 x 10- 6

2, 3', 4, 4', 5- pent aCB 6' 118 - 0. 1105 1. 2 x 10- 5  9. 1 x 10- 5

2, 3, 3', 4, 4', 5- hexaCB 2 156 - 0. 1093 2. 1 x 10- 6  7. 1 x 10- 6

2, 3,3 ' , 4,4 ' ,5 ' - hexaCB 6' 157 - 0. 1112 1. 1 x 10- 5  5. 0 x 10- 6

2,3 , 4, 4', 5- pent aCB 2' 114 - 0. 1099 9. 7 x 10- 7  4. 7 x 10- 6

2' , 3, 4, 4', 5- pent aCB 6' 123 - 0. 1095 3. 9 x 10- 6  1. 4 x 10- 5

2, 3', 4, 4', 5,5 ' - hexaCB 6 167 - 0. 1095 1. 3 x 10- 5  1. 6 x 10- 5

I nduc t io n a nd bi ndi ng da t a fr om r ef er ences (1 , 5) .

Li near r egr essi on f it f or AHH i nducti on on ac t i ve s it e c har ge.

Cor re l at io n Coef f. (r ) 0. 9504
l og10( EC50) = 1001.2 ( q) + 11 5.6 3



Linear regression fits excluding PCB 169 for which experimental
Ah binding is data not available.

AHH Induction on q
Correlation Coeff. (r) 0.956597
log10(Kb)   = 591.27(q) + 70.08

Ah Binding on q
Correlation Coeff. (r) 0.834939
log10(EC50) = 1002.8(q) + 1115.75

AHH Induction on Ah binding
Correlation Coeff. (r) 0.91172
log10(EC50) = 1.3497(log10(Kb)) - 1.137

Figure 1.
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Fi gur e 2.

DIS CUSSION

The e nth al pic b ar r ie r s t o r ot at i on f or b i phenyl an d

2- chl oro bip henyl we r e ca l cula t ed t o be a ppr ox. 2. 1 kcal m ol - 1 a nd

7. 1 kcal mol - 1 r especti vel y ( f i gur e 2. ) .  Pr evio usl y t he

r ot ati onal bar r ie r s f or PC Bs have been esti mat ed in an ab in i ti o

cal cul ati on ( 7) us i ng t he S TO- 3G mi ni mal G auss i an b asi s se t.

Val ues o f appr ox . 3 .7 k cal m ol - 1 and 4 8. 9 k ca l m ol - 1 fo r b ip henyl

and 2,3 ' - dic hlo r obip henyl r especti vel y wer e r epor te d.  The

st r ongest bi ndi ng of a chl or oar yl hydr ocar bon to  t he Ah  r ecept or

i s K d ~ 10 - 8 M. w hic h t her modynami call y i ndi ca t es a f r ee ener gy o f
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binding � G = -10.9 kcal mol-1 which must provide the upper limit

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 molecules (PAHs, PCDDs,

PCDFs ).  Since mono-ortho substituted PCBs have values of Kd ~ 10-4

to 10-6 M., the ab initio STO-3G rotational barrier for mono-

ortho substituted PCBs is therefore high and the AM1 calculation

is more consistent with the experimental 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 may involve two

partially separate processes; binding and recognition of

electronic charge distribution.  Possibly small 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 promoter regions of the DNA coding for the enzymes that

are induced.  The unique electron distribution about each

hydrogen substituted carbon for selected planar constrained PCBs

is shown in figure 3.  



   Figure (3)
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   (b)



        

( c)

ELECTRON DENSI TY MAPS ( AM1) o f ( a) 3 ,3 ' ,4 , 4' -t etr aCB, ( b)

2, 3' ,4 , 4' 5- pent aCB and (c ) 3, 3', 4, 4', 5-p ent aCB w i t h c ont our s at

0. 25 in t er va l s f ro m 0. 75 To 2  e Angs t ro m- 3 l yi ng i n t he mo l ecul ar

pl ane of a co nst r ai ned pl anar co nf i gur at i on.  



REFERENCES

( 1) S. Sa f e, C . Yao and D . Davi s i n
  Or ganohal o Compounds; vol 2: D i ox i n' 90- EPRI S emi nar         

O. Hu t zi nger and H . Fi edl er E ds. Ec oi nfo r ma Pr ess, 1990

( 2) M. J.S . Dewar, E. G. Z oebi sc h, E. F. Heal y an d J. P. St ewart ,
J. Am . C hem. Soc. 107, 3902- 3909 ( 1985)

( 3) J. T. Bor la kogl u, M. G. B. Dr ew, J. P. G. Wi l ki ns an d R. R. Di l s,
Bi och i m. Bi ophys. Act a 1 036, 16 7-1 75 (1 990)

( 4) J. J. P. Ste war t ( 1989) MOPAC, a Gener al Mol ecula r Or bi t al 
Package, V er sio n 5. 0, Quant um Chemis t ry Pr ogr am Exc hange 
Pr ogr am No. 455, In di ana Un i vers i ty , I N

( 5) S. Sa f e, C hemospher e 1 6, 79 1- 802 (1 987)

( 6) J. D. McKi nney, T. D ar den, M. A. Lyerl y and M. A. Peder sen, 
Quant . S tr uct . A ct . Rel at. 3 , 99-1 05 (1 984)

( 7) J. D. McKi nney , K. E. Gott schal k and L. Pe der sen,
J. Mo l . St r uc t . 10 4, 44 5-4 50 (1 983)

( 8) M. J.S . Dewar a nd W. Th i el ,
J. Am . C hem. Soc. 99, 4 907- 4917 (1 977)


