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A b s t r a c t . The binding site of a PCB-degrading enzyme was mapped using the 
published da ta on block gidelation íates of individual P C B congeneis by the Acme 

tnbacter P6 stiain Foi this puipose an dppioach allowing foi multiple binding 
modes of individual rongeneis lesulting fiom the svmmetiy of the biphenyl skele 
ton was used The effect of substitution patterns and conformational flexibility 
of individual congeneis on their binding to a piotem weie investigated The re­
sulting map of the binding site is desenbed by thice pdiameteis that mdicdte the1 

importance of positions 4 5' 5 2' in a basic substitution pat tern, the fust two 
being favomable while the othei two unfavourable foi binding \n incorporation 
of conformational eneigy dependences of individual ligands into the model showed 
that lrgand's conformation is either not a limiting factor foi binding or that ligands 
bind m then íelaxed conformatrorrs 

K e y words: PCBs — Congeners Receptor mapping — Bindrng errergy — 

Rotational banrer 

In troduc t ion 

Halogenated aromatrc hydrocarbons such as the polyclrlormated biphenyls (PCBs), 
dibc n/ofuiairs (PCDFs) and drbemo-p-choxnrs (PCDDs) show a nurrrber of common 
physreochemrcal biological and toxic piopertres They induce cytochrome P 450 
dependent monooxygerrases including aiyl hydrocarbon hydroxylase (AHH) and 
ethowresorufin 0-deethylase (EROD) show the affinity for binding to e vtosohe 
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\ h receptor and elrcrt a number of common toxrc responses (Bandiera et al 1982, 
1983, Denomme et al 1983) Supposedly, the toxrcity of halogenatcd aromatrt 
hydrocarbons rs medrated through then binding to the Ah receptor 

Both the substrtutron pat te rn and the degree of chlorrnation of these com 
pounds varres highly and so they all form large congenerrc series (209 corrgencrs 
for PCBs 135 for PCDFs, 75 for PCDDs) Ah (or droxm) receptor proterrr appears 
to be quite srrrnlar to íeceptors for sterord hormones and retmords, for rrrstanee, 
rt was shown that hvdtoxylated P C B s quantrtatively drsplace thyroxine fiom its 
complex with piealbumm (Rrckerrbacher et al 1986) This receptor may therefore 
play an important role m both the toxrc arrd indue tron responses These are some 
reasons why a molecular mterpretatron of the relatronshrp between Ah receptor 
binding and the molecular s tructure of the hydrocarbons appears mteiestmg The 
possibility that the Ah receptor has a role rn nrodulatmg thyioid hormone actron 
is of particular interest to both endocrinologists and toxrcologists In addrtion, all 
these compounds belong to rmportant environmental pollutants and an effective 
way of their degradation is sought 

The importance of PCBs elicited substantial interest for an elucidation of 
then protean binding sites Structural experimental d a t a are not available, there 
fore methods of receptor mapprrrg were rrsed The methods deduce some details 
of the structure of the binding site from the binding d a t a of a set of compounds 
\ íectangular box model (Poland and Knutson 1982) requrres a molecular struc­
ture to conform to a planar rectangle (3x10 Ä) wrth halogen atoms rrr the four 
corners The stacking model (McKmney et al 1985) was based on the descirptron 
of interaction with conveniently chosen hypothetrcal receptor structure, takrng the 
receptor-molecule separation distance and dispersron forces as mam descirptors 
The other t reatment (Pedeisen et al 1986) added the estrmate of solvatron free 
energres to improve the predrctrons In general, the agreement between the models 
and experimental d a t a was not satisfactory, taking into account simple s tructure 
of PCBs This could be caused by multrple binding modes of P C B s whrch was not 
consrdered rrr the development of the models 

Our aim m the following t reatment was to investrgate the modes of binding 
of polychlormated brphenyls as well as the mfluence of their conformation on the 
brndrng Takrng advantage of small conformatronal flexibility of PCBs, we mves 
tigated the relevance of the change of therr conformation, which can be described 
arralytrcally thanks to therr srrrgle degree of freedom 

M e t h o d s 

This work a t tempts to elucidate the binding of P C B congeners t o a degradation 
enzyme trying to utrlrse as much mformatron encoded m then structure as possible 
The computatronal procedure is based on the method of multiple binding modes 
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The theoretical principle of this method was introduced and descrrbed rn earlrer 
works (Balaž et al 1994, 1995), here we only give the key equation and explarrr 
some terms (rrr It aire s) tha t are nee essary for the understandmg of the used com 
putatronal procedure Though the geometry of the receptor srte is not known, the 
method enables to make a reasonable estimate of the site confrguiation using the 
published degradation íates (Furukawa et al 1978) 

The binding site is described in terms of several binding regions which come 
into contact with one or more binding points of individual molecules The decisron 
of what repiesents the brndrng pornts rreed not always be a simple task because 
rt is not always clear what structural features are essentral on brndrng However, 
the choree rs qurte strarghtforward in case of PCB molecules where differences on 
binding can only arrse from different chlorine substitution pat terns of individual 
congeners Therefore, brndrng pornts are represented by chlorines substi tuted in 
different posrtrorrs on a biphenyl skeleton The construction of the binding site 
constitutes! fiorrr binding íegrons shall be descrrbed later Once the binding points 
arrd binding íegrons are chosen, we can define binding mode as a specific alignment 
of binding points in binding regrons The conceptual difference ^between multiple 
binding modes method and other receptor mapping methods resides in the fact 
that the foimer allows simultaneous realisation of several binding modes for eveiy 
individual compound The lesulting dssocrdtion constdnt of brndrng for d compound 
íefiects all its brnding nroeles Tins rs stated rn the basrc equatron that actually 
represents the core of the multiple birrdrrrg modes method and has the following 
form (Balaž et al 1995) 

A ' = £exp (~CE'i + Y. "«J* A G *) (1) 

A, stands for the association coirstarrt of lrgand bindrng to the receptor The first 
sunrmatrorr in Eq 1 adds contirbutrons of individual binding modes (subscrrpt j) of 
the r-th compound to the overall brndrng Each compound m a serres can have drf 
ferent number of brndrng rrrodes The second summatrorr consists of partial binding 
errergies vvlrreh arrse from contacts of mdrvidual bindrng regrons and corresponding 
bindrng pornts Parameter AG* e haractenses the brndrng propertres of k th brndrng 
regron which can be empty oi occupred by one or even more brnding points The 
presence or absence of bindrng of the j - t h binding point to the k-th region is mdi-
e a ted bv an mdependent varrable i/tJj (0 or 1) Its values are precomputed for all 
corrrpounds based on then binding modes and e hange only when the proposal of the 
brndrng srte changes Thus the second summatron gives the total brnding energy for 
i th congener m its j - t h binding mode if the molecule rs conformatronally rrgrd or 
ur energetreally relaxed eonformatron However, molecules having internal degrees 
of freedom can adopt other than therr stand-alone minimum eneigy on brndrng Irr 
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that case the bindrng affinity is dec leased In the internal errergv associated with 
conformation taken by the bound molecule This fact is taken into account by the 
hist term in the paientheses where C is unknown proportionally constant arrd E,t 

is the conformational eneigy of /-th congener rn its j - t h mode The conformation of 
bound congeners in each binding mode1 is loughlv the same1 and rs fully descrrbed 
b\ the1 only parameter drhedral angle1 y1 between the two phenyl lmgs 

To incorporate1 the influence of conformation into out model equation (Eq 1) 
a continuous functronal dependence of the internal conformational eneigy on the 
dihedral angle1 ý- would be most convenient Foi this purpose1 the1 values of internal 
eneigy weic fitted to equation 

E(<p) = [Ľl + ( / ? . , - B , ) | s m ( e p / 2 ) | ] | c o s ( c p ) ľ (2) 

The orrly optrmised variable is the exponent e The bar run s D\ and B> arc the1 

calculated valrres foi the1 dihedral angle ip equal to 0° and 180° respectively 
\ftei substitution of Eq 2 into Eq 1, we will get the equation that is used t o fit 

the experimental data by nonlmeai legiession analysis The optimised parameters 
are the e ontributions of mdiv ldual binding regions A G A to the expenmental bindirrg 
eirergv and the piopoit ionahtv constant C T h e rrrappmg procedure is s ta i ted with 
the mode1! of the binding site compnsmg all possible binding regions The binding 
site coirespondriig to the experimental data rs sought by deletion and p i n i n g of 
the initial binding legions in a systematic way As the actual mmibei of all possible1 

eoiihguiations is huge we follow only those1 eoiihguiations that correlate best on 
a given level of simplification, because they most probably give b n t h to sites with 
good coiielations Thus we gradually simplify the1 site representation unless its 
piedie turn ability chops below some chosen limit The optimum binding site is given 
as a minimum set of binding legions provrdmg an ace eptable fit to the experimental 
data 

R e s u l t s 

The1 receptor mapping pioeeduie considering multiple binding modes was applied 
to the published data on degradation íates of PCB congeners by the1 strarrr Ac IIK 
toba(t( I P6 (Fmukawaet al 1978) Structure of the congeners and then hist ordei 
elimination rate c onstants aie given rrr Table 1 Standaid rrumberrrrg of the1 chloime 
positions on both phenyl rings is shown m Fig 1 

The values of interiral energy of the studied P C B congeners were calculated 
by scmr-enipineal \ M 1 method with full optimisation of all variables except the 
dihedral angle fixed rn 30° rncrements m the lange 0 360° The quality of the1 fit 
of the calculated values to Eq 2 was excellent, as indicated by the lowest value 
of the correlatron coefficient / = 0 999 and the highest s tandard deviation s = 

file:///ftei
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Table 1. Numbering substitution patterns the elimination rate constants and the pa 
íameteis from Eq 2 tor a senes of PCB eongeneis 

No 

1 
2 
3 
4 
5 
6 
/ 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

IUPAC 

numbei 

8 
14 
5 
30 
12 
26 
28 
33 
29 
21 
31 
15 
61 
11 
4 
40 
18 
10 
52 

Substitution 

2,4' 

35 
23 
246 
34 
2,3',5 
2 4 4' 

2 3' 4' 

2 4,5 
2,3,4 

2 4' 5 
4,4' 

2345 
3 3' 
2 2' 

2,2',3,3' 

2 2',5 

26 
2 2' 5,5' 

- i og ( r ' ) 

0 008 

0 016 
0 032 

0 036 

0 055 

0 083 

0 095 
0 112 

0 188 
0 194 

0 216 

0 298 

0 420 

0 432 

0 553 

0 836 

0 991 

1 086 

1 155 

Bt 

(kJ/mol) 

29 7 

00 
29 7 

66 9 

00 
29 7 

29 7 

29 7 

29 7 
29 7 

29 7 

0 0 

29 7 

00 
60 2 

60 2 

60 2 

66 9 
60 2 

B1 

(kJ/mol) 

29 7 

0 0 

29 7 

66 9 
0 0 

29 7 

29 7 

29 7 

29 7 
29 7 

29 7 

00 
29 7 

0 0 
81 9 

819 
81 9 
66 9 

81 9 

e 

9 33 

0 00 

9 33 
8 04 

0 00 

9 33 

9 33 

9 33 

9 33 
9 33 

9 33 

0 00 

9 33 

0 00 
8 41 
8 41 

8 41 
8 04 

8 41 

[a10] [a11] [a2] 

[a9] 

[a7] [a6] 

Figure 1. PCB molecule and the designation of substitution positions Dihedral angle p 
icpiesents the only degree of freedom The designation of all binding regions forming the 
initial binding site is shown m square brackets 

0 "5G5 for the 13 fitted points Foi the rotation aiounel the srngle bond connecting 
two phenyl rings, presence of ortho chlorines is decisive the occurrence of further 
chlonnes causing only mmor drfferences Among further ehlormes, those rn posrtrons 



110 Hornak et al 

Table 2. The classification of PCB eongeneis to six gioups according to the numbei 
and positions of the oitho chlorines and conformational energy profiles Each group is 
characterised bv thic-e constants B\ B> 5 The studied PCB congeners (numbeimg m 
Table 1) aie assigned to the gioups according to then structure 

Group 

(1) 
(2) 
(3) 

d) 
(->) 
(0) 

P C B 
eongeneis 

2 5 12 14 
1 3 6 11,13 
4 18 
15 17 19 

B i 
( k l / m o l ) 

0 0 
29 7 
66 9 
60 2 

1116 
151 3 

B, 
(k l /mo l ) 

0 0 
29 7 
66 9 
81 9 

111 6 
151 3 

C 

0 00 
9 33 
8 04 
8 41 
7 56 
6 95 

Description of the gioup 

no oi tho-Cl 
one oi tho-Cl 
two oi tho-Cl on the same i m g 
two oi tho-Cl on ehffeient rings 
three ortho-Cl 
foui ortho-Cl 

v le mal to the ortho e hloimes will cause an me tease m the rotatron barrrer Thrs so-
e ailed buttressing effect is small m comparison with the total height of the rotatron 
barriers (4ndersson et al 1997) and was not considered Ac corchrrg to the number 
and positions of the ortho clrlorrnes, all PCB eongeneis were classified irrto srx 
gioups e harae tensed bv coefftc rents B Í, B> arrd c The description of these groups 
rs grve-rr rn Table 2 arrd the correspondrrrg functional depeirdencres are plotted rrr 
Fig 2 The values of B\ arrd Bi are rderrtrcal rrr all eases except group 4 (two or tho 
chlotmes orr drffcrent rrngs) The values of the eoefhcients J5i, B> and e are also 
summairsed irr Table 1 for each studied conge-net 

The dcpendencres of the internal e-nergy orr the ehhedral angle exhrbrt signrf-
ícant maxima at 0° and 180° and broad flat minima foi the angles m the range 
60 120° for all groups except group 1 where however only the varratrorr of about 8 
k l / m o l is obseived Therefore, for group 1 comprising the congeners wrthout ortho 
(hloimes the internal energy rs taken as berrrg zero for any value of the drhedral 
angle 

The initial e onfrgmatron of the brndrng srte rs proposed m such a way tha t rt 
e arr ac corrrrrrodate all positions of chlorme substrtutron Therefore, rnrtral brndrng 
srte is eieate-d frorrr 10 brndrng regrons [a2] to [al l ] as shown rrr Frg 1 Obvrously, 
each PCB congener e arr be embedded mto thrs srte rn four possible ways The four 
ernbe-delmgs are geirerated from the mitral orre-ntation simply by applying symnret-
rreal flrpprrrg around the two prmcrpal axes of the rrrolee ule and, rrr fact, represent 
four possible brnding modes Sorrre of these1 modes may be1 rderrtrcal dependmg on 
the site1 eonfiguratrorr and substitution pat tern of a given eongerrer In these cases, 
the number of bindrng modes drops below four 

Assumrrrg Mrchaehs-Menten krrrcties, relentical maximal rate coirstants \\nAX 

for all congeners, and low P C B eoncentratrons, the association constant K rs p r o 
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o 
S 

c o U 

Dihedral angle ep 

F i g u r e 2. Conformational energy as a function of dihedral angle p for five different 
gioups T h e first group is not shown because it is pi actual ly zero over t h e w4iole range 
of dihedral angle Only the first half of the whole range of dihedral angle is shown as t h e 
second half is t h e mirror image with respect to s y m m e t r y axis located at 180° 

poitional to the first ordei elimination rate constant kľl Thus conversion of the 
expeirmental rate e-orrstants to a cmasr-free-energy scale expressed bv A' is srmplv 

K = kel/Vm (3) 

Eq. 1 can be theiefoie rewritten: 

fcí'^mcpí-C^+X^ACJ (4) 

Proportionality of the association constarrt arrd the elrmmatron constant allows to 
use the latter directly in the receptor nrappirrg procedure. The value of the maximal 
rate constant is hidden in the values of the adjustable parameters AGi. For the 
rrrterpretatiorr of the results, only the relatrve magrritrrdcs of adjustable parameters 
and their signs are important, not their absolute values One of the adjustable 
parameters AGA is always present regardless of the specific congener trsed. This 
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parairreter characterrses the binding of biphenv 1 skeleton preserrt in every molecule 

and carr be- separated from both sums as C\ when Ecj 4 is changed to a logaiitlimie 

forrrr Then, the final model oquatron that is used foi the calculation is 

nbm / nbt 

log A;' = G, + log J2 (,M> -CE,(p) + £ vl}l AGA 
l=\ \ A=l 

with E, given bv Eq 2 In Eq 5, nbm, is number of brndrng modes for the /-th 
congener nbi rs number of binding regions of the binding site and G| is one1 of 
adjustable iMianrote-rs representing the global constant of the model Paiarneteis 
AG'A le-preserrt the most niterestrrrg outcome of the calc illation as they c harae tenise 
the1 interaction Coefficients Bj,, B>, arrd t , are assigned to individual congeners 
ae c or drug to the group they belong to Therr values are summaiised m Table1 2 and 
shown m Table 1 foi completeness The torsrorral angle rs also orre of the adjustable 
parameters irr the model 

The initial binding site comprises all 10 binding regrons as showrr rrr Frg 1 
and accommodates every possible chlorrne position We performed a number of 
computations reducing the rnrtral proposal of the brnding site- and trying to find 
the optimal value of the dihedral angle ip The e onformatronal energy terrrr, r e the1 

prodrret of constant G and cp-dependent energy function showed the tendency to 
be neglrgrblv small eorrrj)ared to the surrrrrratron over the index k m Eq 5 (specif­
ically, for the final model rt represented m average about 6% of the A-srrmnration 
i e it was more than orre order of magnitude smaller) The pioduct rs srrrall when 
either proportronalrtv constarrt G or e onfor matronal energy term rs small (or, both 
factors are small) If the constant G is very small it scales down the rrragrrrtude of 
conformational errergv rrrespecttve of differ errces m c onfor matronal errergy profiles 
of individual ligands In other words, the l igands eorrformatron rs rrot rmportant 
on binding due to much larger brndrng energy compaied to the unfavomable c on­
for mat íorral errergy fenced on brnding Altetnatrvely if c onfoimational eneigy term 
E, is small the1 compounds adoj)t the eorrformatron characterised by an interval 
of p values where the energv rs m its bioad mrmmum i e somewhere between 60° 
and 120° The two possible mtcrpretatrons were supported bv calculations that we 
peifoirned with scaling paiametei C (1st ease1) oi dihedral angle p (2nd case1) held 
at constant values d m m g optrmrsatrorr Irr the frrst ease, parameter G was fixed 
at the conveniently chosen value of 0 1 because such value bungs both terms nr 
parenthesis (Eq 5) to a comparable rrragrrrtude (E, varres frorrr 0 to 80 k.I/mol, 
A-summation is usually vvrthrrr the range —5 to 5) Optmrrsed chhedial angle always 
c onverged to the region of conformational energy flat mrmmum In the see onel e ase 
we siucessivelv fixed p at different values fiom interval (0, 180°) This resulted m 
C = 0 005 for those values of p that were outside the region of flat E,(p) minimum 
Wrth respect to these firrdrngs the tp-dependence was chopped rn early stages horn 

(5) 
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the seaich for the final representation of the binding site The search for the- mini 

mum number of adjustable parameters ye-t provrdmg sufficiently precrsc descrrptiorr 

of the recc-ptor srte yielded four parameters The resultrrig binding regions and therr 

values aie surrimarrsed m Table 3 The piedrctrons of biological activity arrd propor­

tions of individual brndrng modes towards the overall brndrng based on the values 

of paiameteis from Table 3 are given in Table- 4 

Table 3. The resulting values of AGA paiameteis obtained from nonlinear regression 
analysis of the degradation íate c onstants ac cording to Eq 5 The structure of the brnding 
site is given in the first column Statistical indices are given below the Table and m the 
thud column (standard deviations for parameters) 

Binding legion AGA Standard deviation 

[a2a9a3al0a7] - 0 542 0 203 
[a4a8] 1 438 0 256 
[a5all] - 1 9 3 3 0 359 
[Ci] - 0 584 0 155 

n = 19 r = 0 915 s = 0 173 F - 25 584 

D i scus s ion 

1 hanks to only one type of niter action occurrrng irr bindrng of PCBs to a degrad­
ing en/vmc broadly assumed to be of hydrophobrc type, every regron is descrrbed 
bv the srngle parameter AGA Apparently the drffcrences rrr brndrng strength a ie 
only due to different number of chlorines and therr substitution pat terns No frag­
mentation of molecules and paitrtronmg of mteractron energy into its hydropho­
bic ltv, polairtv and charge components rs needed as is common rn receptor map-
pmg methods These features together with a small conformatronal flexrbrhty of 
the PCBs make them especially suitable for the analysrs usmg multrple brndrng 
modes method Orr the other harrd, the same reasons may cause drfficultres when 
one t r res to use- the classical Hansen appioach Such type of study (Parsons et al 
1992) did rrot succeed to find any quantrtatrve explanatron for exactly the same 
expetrmental clegradatron data wrth the help of usual hydrophobrc and eleetrorrrc 
parameters (oc tanol-vvater partrtiorr coefficients, Hamrnct, rnductrve arrd hydropho­
brc substituent constants) 

Our t reatment of PCB-bmdmg mdrcates that only four corrgencrs (Table 4 
Nos 2, 4 12 and 16) were bound rrr predominantly one binding mode that was 
chosen vaiiously fiorrr fom grven possibilities The pre-seiicc> of several rrrodes of 
bmdmg rrrrght serve as a possible explanation why the prevrous quantitative studies 
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Table ! Comparison of the experimental and calculated values of the elimination rate 
(onstants of PCBs and contributions of individual binding modes to the overall bindrng 
affinity (in bold, if oven 10%) Numbering and stiucture of the ligands correspond to 
Table 1 The first binding mode represents orientation of the molecule corresponding to 
numbering m Fig 1, the second mode arose by flipping around the x-symmetry axis, the 
thud mode around v-s\mmetiv axis and the fourth mode around both of them 

No 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Subst i tut ion 

2,4' 
3 5 
2 3 
2,4,6 
3,4 
2,3',5 
2,4 4' 
2,3',4' 
2,4,5 
2,3,4 
2,4',5 
4,4' 
2,3,4,5 
3,3' 
2,2' 
2,2' 3.3' 
2 2' 5 
2,6 
2,2',5,5' 

i/oh" 

- 0 008 
- 0 016 
- 0 032 
- 0 036 
- 0 055 
- 0 083 
- 0 095 
- 0 112 
- 0 188 
- 0 194 
- 0 216 
- 0 298 
- 0 420 
- 0 432 
- 0 553 
- 0 836 
- 0 991 
- 1 086 
- 1 155 

v c a I 

0 016 
- 0 180 
- 0 104 
- 0 186 
- 0 053 
- 0 128 

0 042 
- 0 107 
- 0 107 
- 0 265 

0 058 
- 0 195 
- 0 441 
- 0 607 
- 0 761 
- 1 001 
- 0 736 
- 0 761 
- 1 189 

i/uh"-y'&l 

- 0 024 
0 164 
0 072 
0 150 

- 0 002 
0 045 

- 0 137 
- 0 005 
- 0 081 

0 071 
- 0 274 
- 0 103 

0 021 
0 175 
0 208 
0 165 

- 0 255 
- 0 325 

0 034 

Propoi 

mode 1 

0 085 
0 033 
0 . 1 1 2 
0 . 9 8 0 
0 .721 
0 017 
0.337 
0 066 
0.118 
0 . 6 8 4 
0 011 
1.000 
0 .148 
0 . 3 5 7 
0 .126 
0 074 
0 017 
0 . 8 7 4 
0 . 2 0 7 

t ions of i 

m o d e 2 

0 . 1 4 6 

0 048 

0 . 1 7 9 
0 . 8 5 9 
0 . 5 7 9 
0 . 8 1 6 
0 . 8 1 6 
0 . 2 9 2 
0 077 

0 . 2 5 5 
0 . 6 4 3 
0 . 8 7 4 
0 . 9 2 6 
0 . 4 8 0 

0 . 7 9 3 

individual modes 

mode 3 

0 . 1 5 3 
0.967 
0 028 
0 020 
0 100 
0.124 
0 084 
0.118 

0 023 
0.586 

0.503 
0.126 

m o d e 4 

0 . 6 1 6 

0 . 8 1 2 

0 066 

0 . 3 2 5 

0 . 5 9 7 

(McKmrrey et al 1985; Pederseir et al. 1986) provrded not too persuasive results 
rrr sprte of hrnited corrformatioiral flexibility, low variation in substrtuents, and 
comparative inertness of P C B s The final model contains just three parameters 
descrrbing the binding srte arrd one parameter representing the global constant . 
Thrs is quite a substantial reduction from the initial 10 parameters. Comparing 
relative magnitudes of parameters in Table 3 reveals the importance of regions 
[a4], [a8], [a5] and [a l l ] , the hist two takrng the role of joined attractive region 
whrle the last two aie repulsrve. The presence of ortho-chlorines tends to diminish 
the overall activity although rrot rrecessarrly by preventing the P C B s from assuming 
coplanar c onformation 

While some researchers lay stress on substitution on both para arrd at least two 
meta posrtrorrs (Bandiera et al 1983; Derromme et al 1983), others ascribe high 
brological actrvrty to P C B s with laterally (3,3',5,5'-) substrtuted chlormes giving rro 
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relevance to para substrtutron and actrvrty lowermg effect to substrtutron rn non-
lateral posrtrons (2,2',6,6') (Pedersen et al 1986, Rrckenbacher et al 1986) These 
quahtatrve crrtena are rn fact rncorporated m the binding site suggested by our 
results The mterpretat ion of the brndrng srte model, supported by quantrtatrve 
values of parameters rs compared to the jiievrous vrews as follows para posrtrorrs 
increase the brndrng strength (posrtrve value for [a4a8] parameter), ortho jjosrtrons 
always lower the actrvrty (rregatrve value for brndrng regron [a5al l] , any of 2,2',6,6' 
positions can be repulsed by this regron due to multrphcity of brndrng modes), sub-
strtutrorr in 3,3' 5,5' may increase or decrease brndrng affinity (interplay of regrons 
[a4a8] and [a5all]) dependmg on the specific substitution pattern In general, the 
dommant modes of all congeners have at least orre chlorme rrr a favourable [a4a8] 
region with the exe eption of congener Nos 15 and 18 whrch are free of anv rrreta arrd 
para chlormes and congener No 19 where the advantage of orre rrreta substrtuent 
brndrng rs overwhelmed by two strong unfavourabe rrrteiactrons 

<Vs the data were prrbhshed rn the form of the chmmatron rate constants and 
not directly as the brndrng constants, more sophisticated jnocessmg of rrrput ex-
perrmental d a t a nray be needed 4 treatmeirt considering membrane accumulatron 
arrd the drstrrbutron of P C B molecules rn the bacterial cells could j3tovide better 
rrrput values for the consequent multiple binding modes analysrs Irr comparrsorr to 
our prevrous study (Balaž et al 1994) rro cxclusron of experimental d a t a poirrts 
was needed thanks to the unproved procedure of the brndrng srte gcneratron 

The used method of íecejitoi mapprng cotrld be expected to work best m srtua-
trons w here one ty pe of rrrte-rac trorr rs dominating and the studied molecules are not 
very fiexrble and corrtam some kmd of symmetry so that the srnrple piocedure for 
generatmg brrrdirrg rrrodc-s c an be- used In sue h c ases, quite a detailed mfornratrorr 
can be obtained especially with regard to georrretry of brndrng arrd relatrve rnipoi 
tance of melrvrdual brndrng modes The theoretrcal rrrodel apphed in this work may 
be of use for estimating the efficiency of the brodegradatron of PCBs 
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