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BASE SEQUENCE SELECTIVITY IN BINDING OF AROMATIC HYDROCARBONS
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The interactions between DOBP (3) and calf thymus DNA as well as four syn-
thetic polynucleotides, poly(dA-dT), polydA:polydT, poly(dG-dC), and polydG:
polydC, were investigated by spectroscopic techniques. It was found that the
binding of 3 with poly(dA-dT) is favored appreciably over other synthetic poly-
nucleotides and DNA. The results suggest that the initial association of
carcinogenic BPDE (2) with DNA may take place preferentially at certain speci-
fic base sequences in DNA,

The ubiquitous precarcinogen benzo(a)pyrene (BP, 1) is metabolically acti-
vated to (+)-7r,8t~dihydroxy-9t,10t-epoxy-7,8,9,1l0-tetrahydrobenzo(a)pyrene
((+)-BPDE, 2), which may react subsequently with cellular macromolecules to
alter their biological functions and lead to the carcinogenic transformation of
cells.1 Polynuclear aromatic hydrocarbons are known to be solubilized by DNA,2
and recent work from several laboratories indicates that some of the solubilized

3,4 In order to

hydrocarbons are intercalated between the base pairs of DNA.
determine the possible selectivity of intercalative association of metaboli~
cally activated carcinogens with specific base sequences, we investigated the
spectroscopic properties of (t)-7r,8t-dihydroxy-7,8,9,10-tetrahydrobenzo(a)-~
pyrene (DOBP, 3) in the presence of calf thymus DNA and four synthetic poly-
nucleotides, poly(dA-dT), polydA:polydT, poly(dG-dC), and polydG:polydC. DOBP

was chosen as the model compound for BPDE because of its structural similarity

to BPDE and its ability to intercalate into DNA.5

Abbreviations: BP, benzo(a)pyrene; BPDE, (#)-7r,8t-dihydroxy-9t,l0t-epoxy-
7,8,9,10-tetrahydrobenzo(a)pyrene; DOBP, (*)-7r,8t-dihydroxy-7,8,9,10-tetrahy-
drobenzo(a)pyrene; DNA, deoxyribonucleic acid; poly(dA-dT), polydeoxyadenylic-
deoxythymidylic acid; polydA:polydT, polydeoxyadenylic-polydeoxythymidylic
acid; poly(dG-dC), polydeoxyguanylic-deoxycytidylic acid; polydG:polydC, poly-
deoxyguanylic~polydeoxycytidylic acid.
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EXPERIMENTAL

High molecular weight calf thymus DNA (hyperchromicity >33%, Sigma) and
synthetic polynucleotides (P-L Biochemicals) were used as received. DOBP was
prepared according to the method of McCaustland and Engel.6 All other chemical
reagents and organic solvents used were of the highest purity available.

Stock solutions of DOBP with final concentrations of 140.0 pM and 1.4 uM
were prepared in dry dimethyl sulfoxide and in buffer A (10~% M Na,HPO,,
10-4 NaHZPOA, 0.1 M NaCl, pH 7.0) containing DMSO (2.5%, v/v), respectively.
Stock solutions of polynucleotides (2.0-3.0 mM in phosphate units) were pre-
pared in buffer A containing DMSO (2.5%, v/v). Samples for spectroscopic
examination were prepared by mixing these polynucleotide and hydrocarbon stock
solutions to obtain the desired polynucleotide concentrations while maintaining
a constant DOBP concentration of 1.4 M and a constant DMSO content of 2.57%
(v/v). All sample solutions were deoxygenated by bubbling with high purity
nitrogen (Union Carbide, Linde division) and sealed prior to spectral measure-
ments.

Uv/vis spectra were recorded with a Cary 219 spectrophotometer. Inter-
ference in hydrocarbon absorption by polynucleotide was eliminated by placing
a hydrocarbon-free polynucleotide solution of identical concentration in the
reference compartment for each sample examined. Fluorescence spectra were
recorded with a Perkin-Elmer MPF-4 spectrofluorimeter equipped with a corrected
spectrum unit and a thermostatic sample compartment. The intensity of exciting
light for samples of DOBP containing varying concentrations of polynucleotides
was kept constant by exciting the samples at 349 nm, the isosbestic point
(Figure 1). Fluorescence lifetimes were determined by using the time-correlated
single-photon counting technique described by Robbins.’
RESULTS

The intercalation of pyrene derivatives into DNA causes a red and hypo-
chromic shift in their absorption spectra, as well as quenching of their fluor-

2,8

escence. »9 We found that the interaction of DOBP (xmax = 344.5 nm) with
increasing concentrations of polynucleotides leads to the formation of a new
absorption band at 353.5 nm corresponding to a ground state complex and an
isosbestic point at 349 nm (Figure 1). The equilibrium constant for formation
of a molecular complex may be determined from the absorption spectra of the
chromophore in the presence of varying concentrations of a complexing agent by’

using either a modified Hildebrand-Benesi or a simple algebraic regression

analysis of the spectral data.lo The equilibrium constants calculated by these
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Figure 1. Uv/visible absorption spectra of DOBP in buffer A containing 2.5%
DMSO and varying concentrations of poly(dA-dT). [DOBP]=1.4x10"6 M; poly(dA-dT)
=0.00(—), 0.03(-~-), 0.12(~----), 0.48(=+-+), 0.86(w=wm} 1.53(ewmwe ), and 2.01
mM{=+-=---).

methods for DOBP interaction with DNA or poly(dA-dT) are listed in column 2 of
the Table. Since the absorstion spectra of DOBP were measured in high dilution
(NlO_6 M, Figure 1), and the sensitivity of our instrument is *#0.001 OD unit,
the disparity in the values of Keq obtained from two different methods of
analysis (Table) may be attributed to the experimental uncertainty of our

measurements.

Since the fluorescence of DOBP is quenched by intercalative association
with polynucleotides, Keq may also be analyzed spectrofluorimetrically by
the Stern-Volmer method, i.e., Keq = st.4 The result obtained from the quench-
ing of DOBP fluorescence by poly(dA-dT) is graphically presented in Figure 2.
The values determined for st are listed in column 3 of the Table. The spectro-

fluorimetric analysis affords a higher experimental accuracy than analyses

based on absorption data. However, the equivalence of Keq and st is valid
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TABLE
PHYSICAL BINDING OF DOBP TO POLYNUCLEOTIDES

X -l.a -1.b c
Polynucleotide Keq M) Koy M ) ThOBP (ns)
Poly (dA-dT) 5600 + 800° 5300 + 500 122+ 2f
4200 + 600°
Poly(dG-dC) -— 870 + 80 120 + 28
Calf thymus DNA 910 - 1109 740 + 70 118 « 70
750 + 90°
PolydG:polydC - 530 + 70 -—
PolydA:polydT - <100 -—

DOBP) = 1.4 x 107% M; buffer A/DMSO (2.5%). bxex = 349 nm. DOBP] = 1.3 x

1076 M; lag = 323 nm; Tpopp = 120 + 2 ns in absence of polynucleotide. dpeter-
mined using modified Hildebrand-Benesi method (reference 10). €petermined

using simple algebraic analysis of data. f:poly(dA—dTﬂ =0.47 - 1.85 x 107" M
(phosphate unit)._ & poly(dG-dC)) = 1.41 x 1073 M (phosphate unit). N[DNA] =
0.89 - 3.70 x 103 u (phosphate unit).

4 1

only when the quenching of DOBP fluorescence by polynucleotides is a static
process involving molecular complexation in the ground state, i.e., when the
photoexcited DOBP in the free form does not interact with polynucleotides to
undergo a dynamic quenching process. The possibility of dynamic quenching in

our studies was precluded by experimental observations that the fluorescence
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Figure 2. Stern-Volmer plot for quenching of DOBP fluorescence by poly(dA-dT)
in buffer A containing 2.5% DMSO. ~DOBP]=1.4x10"6 M, poly(da-dT) = 0.02-2.01
mM; excitation wavelength= 349 nm.
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of DOBP exhibits single exponential decay with a non-variant lifetime of
120+ 9 nsec both in the absence and in the presence of a range of poly(dA-dT)

or calf thymus DNA concentrations (Table).

DISCUSSION
The results summarized in the Table indicate that the alternating dA-dT

base sequence is the preferential site for the intercalation of metabolically
activated BP derivatives; poly dA-poly dT is ineffective for the intercalation,
and dG-dC polynucleotides are of intermediate activity. (t)-anti-BPDE is known
to react with DNA and polynucleotides at a variety of sites. The major chemi-
cal consequences of these interactions include the covalent binding of BPDE to
the 2-amino group of guaninell and the hydrolysis of phosphodiester linkages,
or strand scission. The latter event is supported by the morphological evi-

12-14

. . . . . 12
dence in electron microscopy, by enzymatic studies with S,-endonuclease,

1
and by chemical analySis.ls Although the mechanism of this phosphodiester
hydrolysis is not yet clearly understood, a point of particular interest is

that this hydrolysis seems to take place preferentially at dA-dT sites.12

When the interaction between BPDE and DNA was analyzed by a rapid kinetic tech-
nique, it was observed that there was an initial red-shift in the hydrocarbon
Amax similar to what we had observed in the interaction between DOBP and poly-
nucleotides.16 This result indicates that a major portion of BPDE had become
intercalated between the base pairs of DNA prior to the formation of final
chemical products. Since alternating dA-dT sequences are the preferential sites
for the intercalation of DOBP, and the phosphodiester hydrolysis of polynucleo-
tides by BPDE also takes place preferentially at dA-dT sites, the preferential
intercalation of BPDE into dA-dT sequences may be an important preliminary

event for the phosphodiester hydrolysis. Alternating A-T sequences are known

to exist in the promotor region of a variety of genes as well as at the sites

of restriction enzyme action, and preferential action of ultimate carcinogens

1
at these sites may play an important role in their biological activities. /
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